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Second International Seminar 
Klsconceptiona and Educational Strategies in 

Science and Mathematics 
July 26-29, 1987 

Introduction 

Our first seminar, held in 1983, showed that there was 

strong international interest in the general topic of student 

misconceptions in science and mathematics (see Helm and 

Novak, 1983). Advance announcements for our second seminar 

were more widely circulated, but the fact that over three 

times as many papers (177) were presented and more than three 

times as many participants (367) enrolled from 26 countries 

was clear indication of the great interest currently 

evidenced in the field. The proceedings are being printed in 

three volumes to accommodate all papers submitted. A roster 

of participants is included in each volume. 

The format for the seminar followed the pattern of our 

first seminar: a wine and cheese informal reception on 

Sunday evening; morning and afternoon sessions for paper 

presentations and discussions; late afternoon plenary 

sessions to discuss "Issues of the Day"; and unscheduled 

evenings. There was the frustration for most participants of 

choosing between seven or eight simultaneous sessions, but 

papers were grouped by topics in an attempt to preserve some 

homogeneity of interests in each group. Papers are presented 

in the Proceedings in broad general categories similar to the 

groupings used in the seminar program, and in alphabetical 

order by senior author. 

Meetings of the Psychology and Mathematics Education 

group were scheduled in Montreal, Canada just preceding our 

seminar and this facilitated participation by a number of 

math educators who might otherwise not have attended. In 

both our first seminar and again in 1987, there was a strong 

feeling that researchers in science education and in math 

education can benefit by greater interaction. Although 

parallel sessions devoted to science or math education 

research limited some of this interaction, plenary sessions 

and informal meetings offered some opportunities for much 

needed cross-disciplinary dialogue. There was a general 

consensus that many of the issues and problems were common to 

both science and math education. In some areas of research, 

math education appears to more advanced than science 

education (e.g., concern for epistemology as it relates to 

instruction) and in other areas the reverse is true (e.g., 

the use of metacognitive tools to facilitate understanding). 

In the plenary session on physics and chemistry, similar 

concerns were evidenced in communication between sciences. 

There remains the problem of definition of 

misconceptions, alternative frameworks, or whatever we choose 

to call these commonly observed patterns in faculty 

understanding evidenced in students, teachers and textbooks. 

There were more papers presented in this second seminar on 

how to deal with misconceptions than in the first; however, 

there was still heavy representation of papers dealing with 

the kind, number and tenacity of misconceptions and probably 

too few dealing with educational strategies to mollify or 

remove the deleterious effects of misconceptions or to limit 

teacher or text initiation of misconceptions. 

More emphasis was evidenced on the importance of 

epistemology to improvement of science and math education. 

In general, there was strong endorsement of "constructivist" 

epistemology both for clarifying the nature of knowledge and 

knowledge production and as an underpinning for lesson 

planning and pedagogical practices. Of course, there was 

debate on the value of constructivist ideas and even some 

questioning of constructivist epistemology in contrast to 

empirical/positivist views on the nature of knowledge and 

knowing. A number of participants observed that we 

promulgate constructivist thinking for students, but too 

often we conduct teacher education programs that seek to give 

teachers fixed truths and methodologies, rather than 

recognize their need to reconceptualize subject matter and 

pedagogical strategies as they engage in the slow process of 

conceptual change. 



Although concern for teacher education was better 

represented by papers in this seminar than in our first, 

there remained a common perception that new ideas and 

methodologies to improve teacher education, and much more 

field-based research in teacher education, are badly needed. 

As we launch this year at Cornell University a new science 

and mathematics teacher education program, with new faculty, 

we were especially sensitive to the concerns expressed. They 

represent an important challenge to us as we move ahead in 

the design, evaluation and analysis of our new teacher 

education initiatives. 

In our closing plenary session, Ron Hoz expressed 

concern for the limited representation of papers dealing with 

the psychology of learning as it relates to science and 

mathematics education. This concern appears to be warranted 

in view of the fact that most psychologists interested in 

human learning have abandoned bankrupt ideas and 

methodologies of behavioral psychologists (e.g., B.F. 

Skinner), and are now developing and refining strategies for 

study of cognitive learning (e.g., James Greeno). The early 

work of Jean Piaget, George ~elly, David Ausubel and other 

cognitive psychologists is now entering the mainstream of the 

psychology of learning. These works have important relevance 

to the study of teaching and learning as related to 

misconceptions. A note of caution, however. Most of the 

behaviorist psychologists turned cognitive psychologists 

still operate methodologically as positivists. They hold 

constructivists views of learning (i.e., that learner's must 

construct their own new meanings based on their prior 

knowledge), but they adhere to rigidly positivist research 

strategies and often recommend teaching practices that ignore 

the teacher as a key player in constructivist-oriented 

teaching/learning. The "constructivist convert" 

psychologists were conspicuously absent from our participant 

roster. What is the message here? 

There were more papers dealing with metacognitive tools. 

This may reflect in part the rising national concern with 

helping students "learn how to learn." Almost every issue of 

the journal of the Association for Supervision and Curriculum 

Development (Educational Leadership) has articles on this 

topic extolling the merits of efforts to help students 

acquire "thinking skills." Another word of caution: a 

backlash is already developing in the American public that 

schools are so busy with numerous activities to teach 

"thinking skills" that too little subject matter is being 

taught! My own view is that most of the "thinking skill" 

programs lack solid underpinning in both the psychology of 

cognitive learning and in constructivist epistemology. They 

are too often an end in themselves, rather than a means to 

facilitate learning and thinking that places responsibility 

on the learner for constructing their meanings about subject 

~· Concept mapping and Vee diagramming are two 

metacognitive tools that have had demonstrated success in 

this respect, as reported by a number of papers in Volume I 

of these Proceedings. From our perspective, we should like 

to see much more research done on the use of metacognitive 

tools to help teachers help students modify their 

misconceptions and form more valid and powerful conceptual 

frameworks. 

In the mathematics groups in particular, but also in 

some of the science sessions, there was concern expressed 

regarding the importance of "procedural knowledge" as 

contrasted with "conceptual knowledge.• Students often learn 

an algorithm or procedure for solving "textbook" problems but 

cannot transfer this skill to novel problem settings or 

across disciplines. They fail to understand the concepts 

that apply to the problems. The contrast between 

"procedural" and "conceptual" knowledge is, in my view, an 

artificial distinction. In our work with sports education, 

dance, physics, math and many other fields, we have never 

observed a procedure that could not be well represented with 

a concept/propositional hierarchy in a concept map. The 

limitation we see is that both strategies for problem solving 

and understanding basic disciplinary ideas derive from the 



conceptual opaqueness of most school instruction. 

Mathematics, voice and dance instruction are particularly bad 

cases of conceptually opaque teaching. Metacognitive tools 

such as concept mapping can reduce some of the dilemma 

evidenced in concern for procedural versus conceptual 

learning to the need for more research and practice to help 

teachers help students see more clearly the 

conceptual/propositional frameworks that underlie meaningful 

learning and transferability of knowledge. 

The role of the computer in science and mathematics 

education is emerging more prominently. Several sessions 

dealt with papers/discussion on the use of the computer as an 

educative tool, and numerous other sessions had one or more 

papers that reported on studies that involve computers in 

some way. The rapidly increasing power and stable cost of 

microcomputers, together with better and easier authoring 

systems, are changing significantly the application of 

computers in science and mathematics education. In many 

cases, the computer is not a substitute for class instruction 

but rather a tool for extending learning in class to novel 

problem solving or simulation constructions. The use of the 

computer to provide directly large amounts of raw data, or to 

permit access to large data banks, makes possible problem 

solving activities that border on original research, thus 

providing opportunities for creative problem generation and 

problem solving by students in ways that offer an experience 

paralleling creative work of scientists or mathematicians. 

The emerging use of video disc with computers and the 

emerging technologies for monitoring laboratory experiments 

should provide exciting new opportunities for science and 

mathematics instruction and also for the use of metacognitive 

tools. We expect to see much more activity reported in this 

area of future seminars of our group. 

It is interesting to note in passing that while video 

tape was often recognized as a powerful tool in research on 

teaching/learning and for teacher education, not one paper 

reported on the use of TV as a primarily teaching vehicle. 

The much heralded power of television as an instructional 

vehicle in the 1950's has not materialized. What will be the 

fate of computer aided instruction or interactive video 

instruction in 20-30 years? 

On occasion, especially in sessions dealing with 

teaching and teacher education, it was observed that the 

school and classroom are complex social settings. We know 

much too little about how social factors facilitate or 

inhibit acquiring or modifying and correcting misconceptions, 

or indeed any other learning. There is a need for an 

enormous increase in studies dealing with the 

school/teacher/learner sociology as it relates to 

misconceptions research. We need to learn more about what 

sociologists, anthropologists and linguists are learning 

about how people communicate or fail to communicate positive 

ideas and feelings. It is my hope that our next 

international seminar on misconceptions will reflect more 

knowledge and awareness of these fields. 

There remains much work to be done. And yet there are 

reasons for optimism. We are learning more about why 

students fail to learn and how to help teachers help students 

learn better. I believe the science of education is building 

a solid theory/research base, and positive results in 

improvement of educational practices are already emerging. 

The next decade should bear fruit in tangible improvement of 

science and mathematics teaching. 
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Teaching lmpUcations of Misconceptions in Probability and 
Statistics 

Franca Agnoli 

University of Padova 
Padova, Italy 

A few years ago in Italy the objectives for the Elementary 
School years were completely revised. For the first time, teaching 
the fundamental rules of logic, probability and statistics was 
officially stated as an objective. In stating this objective, the Italian 
Commission of the Ministry of Public Education explicitly noted 
that children's intuitive thinking about the rules of probability and 
statistics should be the basis of efforts to teach them the formal 
rules. 

In this paper I will examine the soundness of this instructional 
policy and how it could best be implemented. First, I will consider 
the reliability of both adults' and children's intuitions about 
probability, and cite examples that demonstrate quite compellingly 
that intuitive thinking may lead to errors in problems involving 
logic-and probability. Second, I will describe a method I have used 
to train adults and children to use more formal rules and 
counteract the fallacies that result from intuitive thinking. Third, I 
will consider how such methods could be adapted for use in 
educational settings. 

The seminal work by Kahneman and Tversky (Kahneman & 
Tversky, 1972; 1973; Tversky & Kahneman, 1971; 1973; 1974) 
demonstrated that adults' judgments are often inconsistent with 
normative rules of logic and probability. To explain these 
inconsistencies, they proposed that people often rely on judgmental 
heuristics, which are strategies for decision making based on 
intuitive or natural assessments. Although these heuristics provide 
valid judgments in many situations, in certain circumstances they 
lead to misconceptions. 

My own research has focused on the representativeness 
heuristic, which is one of many heuristics proposed by Kahneman 
and Tversky. They (Tversky & Kahneman, 1983) note that an error 
in probabilistic reasoning called the conjunction fallacy can be 
caused by the representativeness heuristic. An example of the kind 

of problem that may elicit the representativeness heuristic, causing 
the conjunction fallacy, is shown in Table 1. 

Table 1 
Example of an Adult Representativeness Problem 

A health survey was conducted in a representative sample of adult 
males in British Columbia of all ages and occupations. 

Mr. F. was included in the sample. He was selected by chance 
from the list of participants. 

Which of the following statements is more probable? 

1) Mr. F. has had one or more heart attacks. 

2) Mr. F. has had one or more heart attacks and he is over 
55 years old. 

Adapted from Tversky & Kahneman, 1983. 

Consistently subjects respond to the problem by identifying the 
second alternative as the most probable. This response is 
inconsistent with a fundamental rule of probability, which states 
that the probability of the conjunction of two events is less than or 
equal to the probability of either of the two events. In 
mathematical notation this rule is written as: p(A&B) ~ p(B). To 
explain this conjunction error, Tversky and Kahneman proposed 
that subjects judged the representativeness of the alternatives 
instead of their probabilities, and based their responses on these 
assessments of representativeness. The characteristic "having a 
heart attack" is commonly associated with the characteristic "adult 
males over 55 years." In many situations representativeness and 
probability covary, but when they are uncorrelated, judgments 
based on representativeness will lead to conclusions that are 
different from those reached with logical, extensional thinking. 

For educational purposes, a central question is whether 
children are as susceptible as adults to heuristics. These heuristics 
may be learned through experience; if so, children have had less 
opportunity than adults to develop such heuristics. In the specific 



2 
case of the representativeness heuristic, we could argue that 
children have less world knowledge and they may be Jess 
schema-dependent than adults (a similar point has been made by 
Ross, 1981). It is important to know whether children are misled 
by such shortcuts in order to be able to decide upon the 
correctness of an educational policy that encourages teaching of 
probability and statistics based on intuitive thinking. 

To investigate children's susceptibility to the representativeness 
heuristic, I conducted an Experiment with 9, 11 and 13 year-old 
children (Agnoli, 1987). Table 2 shows two questions I presented 
to Italian children. The first one asks, "In Summer at the beach 
are there more women or more tanned women?" This is clearly a 
representativeness question because the scenario elicits a 
representation in which tanned women are representative of 
women at the beach. The second one asks, "In Summer at the 
beach are there more women or more pale women?" This is 
clearly a non-representative question, because most women are not 
pale, at least at Italian beaches. 

Table 2 
Example of Representativeness Problem for Children 

In Summer at the beach, are there: 

1) more women or more tanned women? 
(Representative question) 

2) more women or more pale women? 
(Non-representative question) 

Each child was asked six representative and six 
non-representative questions. In Figure 1, the results of this 
experiment are presented. Obviously, children of all three age 
groups made a lot of errors for problems presented in the 
Representative format, many more than they made in the 
Non-Representative fonnat. Clearly, children are highly susceptible 
to the representativeness heuristic. 

1.ooo ,..-- --------- ------....., 
p 
R 0. 
0 b 0.800 

~0. 
b0.600 

N 0.500 

0 
F 0.400 

E 0.3 
R 
R 0.2 
0 
R 0.1 
s 

9 

.I Representative 

0 Non-Representative 

11 
Age (years) 

13 

Figure 1. Proportion of errors for representative and non-representative 
problems in three age groups. 

A conclusion that could be reached, looking only at the results 
reviewed so far, is that intuitive judgments of frequency and 
probability, both in children and adults, are a flawed starting point 
for teaching an understanding of logic and probability. An 
implication of this conclusion could be that we can only teach the 
"conservative" way, by starting from the formal rules and avoiding 
any links to misconceptions inherent in children's and adults' 
misconceptions. However, if ways are found to correct or 
counteract these misconceptions, than intuitions may be made a 
more sound basis for instruction. 

Our recent experimental work may shed some light on this 
issue. In particular, we have shown that it is possible to reduce the 
effect of representativeness in adults' probability judgments as well 
as in simpler logical tasks performed by children. In both cases the 
effect was reduced through training that emphasizes the possible 
relationships among logical sets. 

Agnoli and Krantz (1987) tested whether it was possible to 
train naive adult subjects to use logical rules, thereby making 
extensional comparisons, in problems like the one shown in Table 



I and, therefore, decrease the number of conjunction errors. We 
used a training session in which logical rules such as inclusion, 

disjunction, and overlapping were explained to subjects. Such 
relations were explained with simple examples through the use of 
Venn diagrams. 

The relevance of the conjunction rule to the problem presented 
in Table 1 becomes much more apparent when the problem 
elements are presented in a Venn-diagram representation (see 
Figure 2). It is clear that the intersection (Men who have had one 
or more hean attacks and are more than 55 years old) is a subset 
of the other two sets, and therefore must be less frequent. 

Men who have 
had one or more 
heart attacks 

Men who have had 
one or more heart 
attacks and are over 
55 years old 

Figure 2. Venn-Diagram representation of the problem 
presented in Table I. 

Subjects were also trained to consider category size. By 
considering category size, subjects were trained to estimate the 
probability that an element is a member of a category. This 
training reduced dramatically the number of conjunction errors 
made by the naive subjects tested. We concluded from a series of 
experiments that people can gain an awareness of the misleading 
effects of the representativeness heuristic. 

More recently, I conducted a series of experiments with 
subjects aged 11 to 13 to test whether children of this age could 

also learn to use nonnative logical rules and avoid those errors 
caused by the representativeness heuristic (Agnoli, 1987). The 

children were tested on problems in the Representative fonnat like 
the one presented in Table 2. I developed a training module 
similar to the one we used with adults. In this training, children 
read about Venn-diagram representations of inclusion and 
disjunction, they were invited to draw Venn-diagram 
representations for logical categories, and the correct 
representations were presented. Finally, the correspondence 
between Venn-diagram representations and frequencies was 
explained. Figure 3 shows a Venn-diagram representation of the 
problem presented in Table 2. 

Women__. 

Tanned 
Women 

Pale 
Women 

Figure 3. Venn-Diagram representation of the problem presented 
in Table 2, similar to Venn-diagrams used during training. 

Children of both age groups were assigned to one of two 
groups. The procedure for the two groups was exactly the same, 
except that before the first set of problems, subjects in the training 
group completed the training module. Ten days later all children 
were tested again, with no further training. The results of this 
series of experiments (see Figure 4) showed that the logical 
training greatly reduced the frequency of errors for both ages. 
From an educational point of view, it is interesting to note the 
stability of this training effect over time. The training was effective 
not only immediately, but ten days later in the second session. 

3 
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Figure 4. Proportion of errors for un-trained and trained subjects 
in Sessions 1 and 2. 

1[1 these experiments, subjects were asked to provide rationales 
for each choice. The rationales for representativeness responses 
almost always made reference to representativeness, whereas the 
rationales for logical responses almost always made reference to 
the elements of logical reasoning. This generalization held for both 
the control and the training groups. 

The research I have reported (for both adults and children) 
points to areas in which misconceptions based on intuitive thinking 
lead to logical and probabilistic errors. I noted above that this 
research could suggest that intuitive judgments are a flawed 
starting point for teaching logic and probability, but that these 
intuitions could be made more sound by finding ways to correct 
the misconceptions inherent in intuitions. The training procedures I 
used to overcome the representativeness heuristic are a successful 
example of ways that such misconceptions can be counteracted. 
Such training procedures provide a formal procedure for solving 
problems that simultaneously may extend the subjects' intuitions 
about probability and statistics. Through use of such training 
procedures, people may learn the limits of their intuitions, 
recognizing when heuristics are and are not appropriately applied. 

The research I have reported suggests that it is possible for ''1 
subjects to team about the effects of two different thinking /f 
systems, both intuitive and formal. I instructed adults and children, 
11 and 13 years-old, about representativeness and compared it to 
the formalism of Venn-diagrams. The training session provided a 
tool for deciding which intuitions were valid and which intuitions, 
based on representativeness, led to violations of the conjunction 
rule or to frequency errors. The tool helped to substitute one 
behavior for another. The tool helped w serve as a perceptual 
external aid to ease construction of the correct mental 
representation when subjects drew the diagrams or as a memory 
tool when subjects confronted the problem without explicitly 
drawing Venn-diagrams. 

In the area of medical decision making, Cole (1986) proposed 
a tool that overcomes another kind of probability misconception. 
He showed that a graphical representation could greatly simplify a 
difficult judgment problem that involved considering base rates. 
Base rate problems are common in the medical research area. For 
example, Cole considered the case of a 35 year-old woman who 
has tested positive for breast cancer, based on a test with 
char~cteristics such that people with the disease have a 95% 
chance of testing positive and people without the disease have a 
90% chance of getting a negative result. The crucial issue in this 
problem is the necessity of taking into account base rates (that is, 
the prevalence of breast cancer in 35 year-old women). It has 
been repeatedly demonstrated, however, that adults do not take 
base rates into account in their judgments (Tversky and 
Kahneman, 1982). Cole (1986) showed that with the aid of a 
probability map the complex decision making becomes almost 
trivial. This map represents the frequencies of individuals who 
have a given disease and exhibit the symptoms of the disease. If a 
physictan does not realize the implications of a low base rate for a 
disease, symptoms of the disease could be given too much weight. 
The probability map corrects this misconception. 

It should be noted that intuitive thinking about probability and 
statistics is not always wrong. There have been instances in the 
literature showing .that, at times, adults have effective "statistical" 
heuristics. For example, Nisbett, Krantz, Jepson and Kunda (1983) 
have argued that adults have a rudimentary understanding of the 
law of large numbers, and they point to the work by Piaget and 



lnhelder (1975) to show that people in western culture learn at a 

very early age to recognize the probabilistic behavior of random 
generating devices. 

A teacher concerned with instruction in logic, probability and 
statistics must recognize the often misleading role of "intuitive" 
heuristics at the same time as their strengths. Certainly intuitions 
can serve as the basis of efforts to learn more formal rules, as 
suggested by the Italian Commission of the Ministry of Public 
Education, but not without tools to help counteract those intuitions 
that lead to errors and misconceptions. The tools I have developed 
using Venn-diagrams are an effective way of counteracting the 
representativeness heuristic, and the probability map developed by 
Cole ( 1986) counteracts failures to consider base rates. There are 

many other heuristics that can lead to errors and misconceptions in 
probabilistic and statistical reasoning (Kahneman, Slovic, & 
Tversky, 1982). An effective educational program will require 
continued research on tools that counteract ineffective heuristics 
and expand the effectiveness of other heuristics. 
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This paper reports the results of an initial atteapt to 

investigate tbe effectiveness of a Vee diagram in helping 

third grade eleaentary school students learn science concepts 

aeaningfully. A vee diagraa is a structured, visual means of 

relating the aethodological aspects of an activity (such as a 

science experiaent) to the underlying conceptual aspects. It 

focuses on tbe salient role of concepts in learning and 

retention. 
Theoretical Fraaework 

Gowin's (1981) theory of educating, Ausubel's (1963, 

1968) cognitive theory of aeaningful reception learning, and 

a constructivist episteaology provide tbe philosophical and 

theoretical background upon which this investigation was 

designed and through which the results were interpreted. 

Gowin's theory of educating focuses on the educative event 

and its related concepts and facts. This theory is helpful 

in classifying the relevant aspects of the educative event 

and its related concepts and facts. In an educative event, 

teachers and learners share aeanings and feelings so as to 

bring about a change in tbe buaan experience. This theory 

stresses tbe centrality of tbe learner's experience in 

educating. lusubel's learning theory places central eapbasis 

on tbe influence of students' prior knowledge on subsequent 

aeaningful learning. 
lpisteaology is a philosophical tera that deals with the 

nature of knowledge and bow knowledge is produced. 

Philosophers sucb as Gowin (1981), Toulain (1972), and Brown 

(1979) feel tbat knowledge is constructed froa experience 

using concepts as stepping stones. Concepts are signs/ 

syabols tbat point to regularities in events or oltjects ' ',1 
(Gowin, 1981). Concepts are usually identified by words, but ~ 
tbey aay be nuaerical or syabolic (sucb as ausieal notations 

or aatbeaatical syabols). For exaaple, those objects tbat 
have aarkings peculiar to a specific nation (i.e., stars and 

stripes), and which are hoisted and suspended froa a pole, 

show the regularity tbat we designate witb tbe syabol ~ 

flag. 1!!!1! are defined as anything that happens naturally 

(e.g., thundershower, tornado, volcanic eruption) or can be 

aade to happen (e.g., soccer aatch, school play, art exhibit, 

orchestra recital, faculty aeeting, 1111 Conference). 

Objtctt are defined as anything that exists and can be 

observed. For exaaple, birds, snow, aountains, and volcanoes 

are naturally occurring objects; flags, books, bridges, and 

robots are objects that buaana construct. 

Tbe Vee heuristic was developed by Gowin to enable 

students to understand tbe structure of knowledge (e.g., 

isolated facts, relational networks, hierarchies, 

coabinations) and processes of knowledge construction (Gowin, 

1981; Novak l Gowin, 1984). The fundaaental assuaption is 

that knowledge is not altsolute, but rather it ia dependent 

upon the concepts, theories, and aethodologies by wbicb we 
view tbe world. This assuaption is supported by current 

views of episteaology (Brown, 1979; luhn, 1962; Toulain, 

1972). Tbe pbilosop•ical basis of tbe Vee diagraa aates 

concepts, and propoaitions coaposed of concepts, the central 

eleaents in tbe structure of knowledge and tbe construction 

of aeaniDf. Tbe learning theory tbat exeaplifies concept and 

propositional learniat as tbe basis on wbic• individuals 

construct tbeir own aeanings is espoused bJ lusubel (1963, 

1968; luaubel, lovat l Banesian, 1978). "e priaary concept 

in lus~l's theory is aeaningful learning. To learn 

aeaningfully, individuals aust choose to relate new knowledge 

to relevant concepts and propositions tbey already know. Tbe 



Vee diagraa is a tool for acquiring inforaation about 

knowledge and how knowledge is constructed and used. 

Vee diagraaaing bas proven to be successful as an 

instructional heuristic with college students (Chen, 1980; 

Leahy, 1986; Taylor, 1985). Vee diagraaaing bas been 

investigated in ninth and eleventh grade science classes 

(Gurley, 1982), and with junior high school students (Novak, 

Gowin, 'Johansen, 1983). 

A concept aap depicting the Vee is shown in figure 1. A 

concept aap is a visual representation of a person's thought 

processes. It is portrayed visually in a hierarchial fashion 

and represents concepts and their interrelationships. As can 

be seen and read froa the concept aap, the Vee diagraa 

separates conceptual (thinking) fro• aethodological (doing) 

eleaents of inquiry. Both sides actively interact with each 

otber through the use of the focus question(s) that directly 

relates to events and/or objects. This interaction is 

depicted br broken lines indicating cross links. Cross 

linkages show aeaningful relationships between segaents of 

t~e concept hierarchy. 

The conceptual side includes philosophy, theory, 

principles/eonceptual systeas (which include developing a 

concept aap), and concepts all of which are related to each 

other and to the events and/or objects which, in turn, are 

used to aake records of the events and/or objects are 

transforaed into graphs, charts, figures, transcriptions of 

audio or video tapes, and so forth and becoae the basis to 

aate knowledge and value claias. Vbile there is no set war 

in which to read a Vee diagraa (either fro• left to right or 
right to left, top to bottoa, bottoa to top, or anywhere in 

between), it is advisable to begin with the educative events 

as the point of tbe vee followed by the focus question(s). 

The reason for sucb a progression is that the educative ~vent 

is paraaount in deteraining tbe focus question(s) for the 

FiQurt 1. Conctpt Hap ot a Vtt Diagram. 
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inquiry and the sub1equent interplay aaong the conceptual and 

aethodological eleaent1. 

The 1tructure of knowledge on the Vee refers to the 

re1ult1 or product• of the inquiry. Structure, in Gowin's 
Vee, aeans the eleaent1 and their relation to each other. 
Gowin (1981, pp. 87-88) defines the "structure of knowledge" 

by capsulizing hil reaarks of an earlier paper (Gowin, 1970): 

The 1tructure of knowle4ge aay be characterized !in 
any field or exeaplar of that field) by its tell1ng 
question11 ker concept• and conceptual systea1; by 
1ts reliaole and relevant aethod• and techniques of 
work; by it1 central product•; by its within-field 
and outlid~-the-field values; by its agents and 
audience• (~e •o-called "coaaunity of 1cholars"); 
and by the phenoaena of interest the field deals 
with and the occaliODI which give rise to the quest 
for knowledge. 
The purpose of thi1 1tudy was to deteraine if Vee 

diagraa1 could be taught, understood, and used meaningfully 

by third grade 1tudents in learning concepts in a science 

experiaent. 

.. thod1 and lateriall 

Thi1 1tudy wa1 conducted over a three aonth period in an 

eleaentary 1chool in a large aetropolitan school district in 

Tennell... Twenty-eight third-trader• and their teacher 

participated in thil 1tudy. Twenty-six children in the third 

grade cla11 were te1t .. the year before with the Stanford 

lchieveaent Te1t, Fora r, Level '· The1e children had 
reading 1tani .. 1core1 ranging froa ' through 9. Of the 

reaaining two 1tudent1, one had been tested with the Iowa 

Test of Ba1ic Skill1, rora 7 (1985) and the other had no test 

record•. O..rall, tbi1 cla11 wa1 judged by the classrooa 

teacher to ~ •lightly above average. 

Firlt, the teacher W&l in1tructed on the purpo1e and Ul8 

of concept aap1. lnowledge of concept aaps i1 a prerequi1ite 

to the introduction of Vee diagraa1. Student• developed 

concept aap1 with the WDit of study prior to introducing the 

Vee diagraa. Next, the teacher wa1 instructed on the 

terainolOGJ of the Vee and the relationship of each eleaent 

on the Vee to &lpects of their reading assignaents. She then 

in1tructed her cla11 on the purpose, terainology, and use of 

Vee diagraas. 

The teacher introduced exaaple1 of concept aaps and Vee 

diagraas as1ociated with the as1igned lessons. Mext, she 

introduced a skeletal Vee diagraa that contained heading•: 

focus question, event/object, concepti to be investigated, 

records, transforaations, knowledat claias, value clai .. , 

theory, and D(inciple1. The Vee diagraa wa1 associated with 

the &aligned readings in their 1cience textbook. The 

researcber• developed the science experiaents that were u1ed 

in this investigation. These aaterials were developed in 

accordance with the topic that was currently being studied by 

the third graders. The teacher wa1 instructed oa the 

1tratified randoa l&apling procedure. She wa1 then asked to 

aake a stratified randoa assignaent of her 1tudents by 

placing thea into 1ix groups, baled on either their reading 

stanine 1core1 or (as in the ca1e of the one student without 

a te1t score) teacher plac ... nt. The teacher was asked to 

keep a daily journal recording her reflections and 

intervention with the 1tudent1 •• a whole and individually, 

1he al1o kept 1tudent taped interview•. She wa1 a1ked to 

coaduct thil experi .. nt Uling her teaching style and tiae 

constraints as part of her noraal preparation and clas1rooa 

procedure. In thil 1tudy, 1tudent1 worked in group• in 

preparing their individual Vee diagraa. 

ror thi1 1tudy, a 1cience experiaent inve1tigating 

"sproutiDI plant•" under four condition• wa1 conducted. All 

four conditi088 contained liaa bean• that had been soaked 
overnight in water and then were placed in a jar 1u1pended 

between paper toweling &DI the inner gla••· The four 
condition• were: (1) an inch of water at the bottoa of the 
jar with wet paper toweling with the top opened; (2) an inch 

of water at the bottoa of the jar with wet paper toweling 
with a pla1tic covering 10 that air could not get in; (3) an 



inch of water at the bottoa of the jar with wet paper 

toweling with the top opened placed in a dark coapartment 

without light; and (C) no water in the jar with dry paper 

toweling with the top opened. Students kept records of the 

events over a six day period. 

The records and perforaance measures aade of the 

educative events during this study included copies of student 

Vee diagraas, anecdotal notes made by the teacher and 

researchers, and audiotapes and transcriptions of students' 

interviews. To study these teacher/student relationships, 

KcDeraott's (1977) anthropological definition of ethnography 

was used. In this coatext, ethnography is defined as "any 

rigorous atteapt to account for people's behavior in teras of 

their relatioa. with those around thea in differing 

situations." (p. 200). Within this definition we included 

the gathering of thoughts that were generated as a result of 

these social interactions. Bow social interactions in 

classrooa settings affect conceptual learning is a aajor 

thrust of this report. 

The records were summarized and transformed through an 

analysis of the teaching, learnigg, curriculum, and 

governance coaponents proposed by Gowin (1981). Scoring 

procedures followed the protocol suggested by Novak and Gowin 

(1984, pp. 70-72). Vee diagraas were scored on a quality 

point scale (0-4) with a aaziaua score being 18 using the 

following criteria (point values in parentheses for each of 

the categories): focus question (0-3), objects/events (0-3), 

theory, principles, and concepts (0-4),records/ 

transforaations (0-C), and knowledge claims (0-4). 

lD ex .. ple of a Vee diagraa constructed by a third grade 

studeDt is shown in Figqce 2. Circled nuaber represent 

points assigned to each category with a aaxiaua score of 18. 

Results and Conclusions 

Vee diagr .. s constructed by the students were collected 

for the designated science experiment and scored by the 

Fi our• 2. 
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10 researchers (ioterrater reliability .96) using the scoring 

procedures 4escribed above. All scores were in a range of 11 

to 16 (aaxiaua score 18). Descriptive data indicated that 

all students were succe11ful in using the Vee. The frequency 

distribution and percentage of raw scores are presented in 

Table 1. 

Table 1. Frequency distribution and percentage of total 
iod1vidual raw scores. 

Raw Score f ' (o=28) 

11 2 61 

13 11 72 

u 9 77 

15 5 83 

16 1 88 

Tbere was no differentiated effect according to ability 

level. Total scores for staoioes •· 5, and 6 were 16•; 

staoioes 7, 8, aad 9 totaled 207. lean scores were 13.7 and 

13.8 respectively (see Table 2). 

Table 2. Total individual raw sioret frequency dist~ibutioo, 
and yerceotages accord og o average and h1gh 
read og coapreheosioo staoioe scores 

StaDiDe Raw f 
Score Score (D•27) ' 

Average 

• 13 3 72 

u 2 77 

5 13 2 72 

15 2 83 

16 1 88 

6 11 1 61 

u 1 77 

8 

9 

13 

u 
15 

u 
15 

13 

u 
15 

• 
1 

1 

3 

1 

2 

2 

1 

72 

77 

83 

77 

83 

72 

77 

83 

ADecdotal records indicated that learning strategies 

that require coapreheodiog subject aatter deaaods 

concentrated study, but suggest aost students recognize and 

value understanding over rote learning. 111 students were 

able to coaplete the designated coapoaeot parts of the Vee 

with sac cess. 

Student interviews indicated that Vee diagraas helped 

thea to understand what was taking place in the experiaeot by 

keeping records of the events. Students indicated that they 

found aakiog charts of the records and concept aaps of the 

results of the experiaeotal helpful in uoderstaadiog the idea 

of "spc'outiog seeds." 

VheD Vees were individually analyzed by group, they 

reveal .. coaaooality .. sociated with a particular group. 

Students in the saae group tended to coofora when aakiog 

their Vees. This seeas to suggest that social and 

coaauoicative interaction during the educative event 

contributed to different constructions of knowledge achieved 

through negotiation. This depended upon the respective group 

interaction (see Table 3) . 



Table J. Total individual raw scores, percentages, and 
staaine scores by group. Mean score of each group 
in parentheses. 

Subjects Stanine Raw 
(n•28) Score Score 

Group 1 (12. 2) 

1 " 11 61 
2 7 1l 72 
J 7 1J 72 
4 5 1l 72 
5 6 11 61 

Group 2 (lC.O) 

6 8 u 77 
7 5 1C 77 
8 9 14 77 
9 9 u 77 

10 5 u 77 

Group J (15.2) 

11 9 15 8J 
12 5 15 83 
13 5 15 83 
14 5 16 88 
15 8 15 83 

Group 4 (13.6) 

16 9 14 77 
17 7 u 77 
18 7 1J 72 
19 8 u 77 
20 4 13 72 

Group 5 (ll.O) 

21 9 1J 72 
22 9 13 72 
23 4 13 72 
24 5 1J 72 

Group fi (ll. 7) 

25 7 15 8l 
26 7 1J 72 
27 6 14 77 
28 4 1J 72 

I Ro hit recoNi 

One way AJOVAs to deteraine differential effects across 11 

groups revealed that the aean score of Group 3 was 

significantly different fro• the other five groups, 
E(5, 21) • 10.8, 1. < .001. A post hoc analysis using the 

Newaan-leuls test showed that Groups 2, 4, and 6 were 

significantly different froa Group 1, p < .05. It is 
interesting to note the aake-up of students and their stanine 

scores for Group 3. The student with a stanine of 5 bad a 

higher raw score than the two with 8 and 9 stanines. Vben 

analyzing stanine scores and raw scores within groups, 

students with higher stanines did not necessarily have higher 

raw scores than those students with lower stanines. Overall, 

the Vee diagraas tended to reflect a group consensus. 

The teacher indicated that students becaae more 

interested in the experiment and were able to discuss the 

knowledGe claias in relation to their focus question and 

events. She was pleasantly surprised at their being able to 

generalize their findings into value claias that varied 

depending upon the group. She found that the Vee diagraa 

provided her with an evaluation instruaent to deteraine bow 

well students had understood and were able to relate their 

findings of the results. This, in turn, enabled her to 

provide feedback as to their understanding of concepts (e.g., 
sprout, geraiDate) through a visual inspection of the array 

of relationships aaong the concepts that pertained to the 

various knowledge structures of the experiaent. 

The evaluative effects of the Vee is illustrated by the 

following circuastance. An inspection of the Vee's showed 

that 57' of the studeats generated knowledge clai .. that 

related to their principles and not to their records (i.e., 
plants need air to grow, but they grew even when they didn't 

have air). OD the surface there se .. ed to be a discrepancy 

between these two ite•s. However, an interview with the 

teacher showed that the plastic covering on the jar was not 

air tight. In fact, it fitted loosely. She reported that 

this portioa of the experiaent was repeated and that these 



12 atudeota then uaderatood tbat air waa needed for tbe aeeds to 

aprout thereby clarifying their •iscooceptiooa and accounting 

for their notation under principle•. 
Botb tbe atudeots and tbe teacher felt tbat Vee 

diagra.a aided conceptual uoderataodiog of tbe proceaaea and 

,roducta of tbe experi•ent. They felt tbat •ore waa 

acc~plisbed by going beyond tbe traditional "writing down 

tbe facta" (recor'-) by charting tbe data, ••king knowledge 

clai••· developing a theory and stating a principle. They 

found tbia lesaon to be iotereatiog, challenging and 

exciting. 
Coocluaiona 

In tbia prelt.ioary atudy, Vee diagra•s •••• to be a 
viable tool in learning about tbe structure of knowledge and 

tbe proceaaea of knowledge production (•etakoowledge). Tbey 

enabled third-grade learner• to delve into a piece of 
knowledge and coae away witb a deeper understanding of bow 

knowledge ia cooatructed by showing bow tbe concepts, 

eveota/objecta, and recorda of tbe eveota/objects are 

ioter•ingled wbeD atte•ptiog to create new knowledge. 

Theae third grader• were able to learn concept• 

asaociated witb tbe science experi•ent. They were able to 

relate and co.,lete tbe deaigoated co•pooeots of tbe Vee with 

aucceaa and uoderatandiog. Thea• science concepts were 

learned in a ••aningful rather tban a rote ••nner. Student• 

were able to diaeuas'tbeae coDcepta in •••niogful context• 

witb each other and witb tbe teacher. They were able to •ale 

coonectiona, structure their knowledge, and create •eaniog. 

Student• were free to expre•• their ••otiona and 
tbougbts, •ake prediction•, and raiae queationa. The teacher 

also bec .. e an active learner and obaerver as well •• a 
partner in tbe experience. Sbe learned (a) about two •etboda 

(coacept ••P• ~od Vee diagr .. a) tbat belp student• learn new 

iofor•atioo in a •eaniogful ••nner; (b) tbat abe was able to 

incorporate tbeae •etbo'- into ber array of teaching 
practices; and (c) during tbe procesa, bow to plan and 

collect data for tbe study of student learning. In essence, 

sbe beca•e tbe researcher for ber class. 
There see .. d to be no difference in cooatructiog Vee 

diagra.s between tbe average and bigb reading ability 

students. However, this task required •ore record keeping 

and proble• solving of tbe eventa tbat were taking place thaD 

it did reading and t~erefore waa not necessarily based on bow 

well a student could read. Even tbougb so•• student• were 

rand .. ly interviewed prior to tbe experi•ent by tbe teacher 

concerning their knowledge about sprouting seeda, it ••Y be 

tbat prior knowledge and/or background experiences fro• 

students not interviewed accounted for differing score• 

within and across groups. Overall, tbe Vee diagra•s tended 

to represent a group coosensua suggesting aocial interactions 

a•ong studeGts resulting in negotiation in their 

construction. 

Vees act as an evaluation iostru.eot for botb tbe 

teacher and tbe student in deter•iniog bow well ideas are 

represented aaoDg tbe co•poneot parts of tbe Vee diagraa. 11 

sbowo in tbia study, tbe sharing of •eaoiog of tbe 

educational experiences between peers and tbe teacher helped 

in resolviDf conflict and uncertainty in resolving tbe 

diacrepaocy between those student• wbo for•ulated principles 

based on inaccurate knowledge clai•s. The teacher was able 

to read tbe Vee and rectify •iscooceptiooa tbat caused tbe 

students difficultY in organizing and relating ideas on tbe 

Vee. Together, tbe teacher and tbe student, were able to 

resolve uocertaintiea or •isuoderatandiogs and •ake tbe 
educative event a •eaniogful learning experience. 
Reaponaibilitr for learning acieoce concepts took on a new 

di .. nsioo tbrougb tbe uae of Vee diagr .. a. 

The uae of Vee diagraas needs to be tested for their 

geoeralizability and independent use witb tbis population. 

Studies witb tbia population need to be conducted to 

deter•ine bow well students are able to generate Vee diagr .. • 

individually aDd with peers. Specifically, it need• to be 



deterained: (1) bow well students are able to recognize what 

events ar objects they are observing; (2) to what extent do 

they aate use of tbeir prior knowledge in relation to these 

events and ebjects; (3) how decisions are aade to decide what 

records need to be made; and (4) the processes that are used 

in foraulating focus questions that direct the inquiry based 

on the events/objects to be studied. 

The focus question(s) elicits reflective thought and 

inquiry on the part of the students. Students are aade to 

think about what they already know about the topic. It gives 

thea direction to find out what they don't know and what they 

have to do to understand (in this particular experiaent) the 

conditions under which liaa beans sprout. It is through this 

focus question(s) that eYents/objects, records, 

transformations, and knowledge claias develop and new 

knowledge is learned. 

Vee diagraaaing is a way to help students and teachers 

penetrate the structure of meaning of knowledge they seek to 

understand. Being able to get tbe right answer is sufficient 

in aany school evalQations upon which grades are based, and 

too often only rote recall is needed to answer questions. 

Teachers when versed in Vee diagraaaing seea to be receptive 

to this learning strategy in order to achieve aeaningfully 

rather than rote verbatia learning, and see this strategy as 

an independent learning aid to be used by the learner. A 

linl between learning theory and teaching can be made through 

the use of Vee diagraas. Vateraan (1982) suggests that a 

conceptual change approach to teaching should include 

explicit ways for students to becoae aware of their own 

beliefs and to coae to understand the nature and construction 

of knowiedge. This investigation lends credence to such an 

observation. 
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JUSTIFICATIONS OF ANSWERS TO HULTIPLE CHOICE ITE~!S AS A 

~lEANS FOR IDENTIFYING MISCONCEPTIONS 

R. Amir, D.R. Frankl, P. Tamir 

Israel Science Teaching Center, Hebrew University of Jerusalem 

INTRODUCTION 

In recent years there has been a growing interest in 

misconceptions which are prevalent among students. A wide 

acknowledgement exists that misconceptions: (a) are quite 

widespread among students in many subject areas of science; (b) 

are very persistent and difficult to change or replace; (c) 

affect subsequent learning (Smith and Lott, 1983; Nussbaum and 

Novick, 1982). 

Various means and methods are described in the literature 

for identifying misconceptions. By far the most widely used i~ 

the clinical interview (Gilbert, Osborne and Fensham, 1982, 

Nussbaum, 1979). This method has the advantage of providing 

excellent in-depth information about the student's conceptions. 

However, it has some serious drawbacks: (a) it is time and labor 

intensive and thus difficult to apply to large numbers of 

students; (b) the potential for generalizing the findings to 

large groups of students is rather limited. 

Attempts have been made to use paper and pencil tests in 

order to collect data from more students than can be reached 

through clinical interviews. In some cases these instruments were 

baserl on findings from a limited number of interviews. Such 

studies were reported by Bell (1985), Wandersee (1983), Arnold 

and Simpson (1982), Barker (1985), Brumby (1979), Simpson and 

Arnold (1980). 

Two types of question formats were used in these studies, 

open-ended short essay and multiple choice. Combinations of 

formats were used by Brumby (1979). In her study, the same item 

was presented to the students twice: first as an open-ended and 

then as a multiple choice. Differences between the responses to 

the two formats were not reported. Wandersee (1983) added a 

requirement for additional explanation on some of the items on 

the Photosynthesis Concept Test (PCT). A partial analysis of the 

written explanations is reported and a selection of explanations 

is cited. Staver (1986) also used combination items: completion 

+ multiple choice + justification and completion + essay. 

Achievement on the reasoning task given to the students was found 

to be affected by the item format only on unfamiliar or 

complicated tasks. Treagust and Haslam (1986) and Peterson, 

Treagust and Garnett (1986) followed Tobin and Capie (1981) and 

designed two-tier items in the explicit purpose of identifying 

misconceptions. The first tier consists of a multiple choice 

item and the second contains four possible justifications for 

choices of the first tier. The student has a double task: first 

he has to choose the correct answer among the 2-4 choices of the 

first tier and then he has to choose a justification to support 

his choice. From the examples brought by Treagust and Haslam 

(1986) it can be seen that formulating justifications which might 

support all the options of the first tier is not always easy. In 

some cases the choice on the first tier channels the student to a 

certain response on the second tier and not to others. The end 

result of such a situation is that no additional insight into the 

thinking of the student has been achieved. 

We would like to report a novel approach to the 

identification of misconceptions among large groups of students. 

For some years now, students who take the biology matriculation 

(Bagrut) exam at the end of year 12 are required to give 

justifications to the choices made on selected multiple choice 

items. The items selected for this task are of high cognitive 

level (comprehension and above). 

The justifications given by the students were in the form of 

short answers usually 2-3 sentences long. The achievement 

results for the year 1985 (N=2405) indicated that the mean score 

on the justifications task was about 17 percentage points (more 

15 



16 than full standard deviation) lower than the mean multiple choice 

score. 

In this study the justifications were analyzed for the 

purpose of uncovering misconceptions of the students. The 

following questions were studied: 

1. 

2. 

What is the effectiveness of justifications for multiple 

choice items as a means for identification of 

misconceptions? 

What are the prevalent misconceptions related to the 

different subject areas? 

The subject areas dealt with in the items analyzed in this study 

were also touched upon in investigations by other groups as well 

as by us: 

Osmosis: 

Genetics: 

Friedler, Amir and Tamir (1986), Arnold and 

Simpson (1982), Murray (1983). 

Stewart (1982), Hackling and Treagust (1984), 

Longden (1982), Tolman (1982). 

Aspects of Plant Nutrition: Smith and Anderson (1984), Simpson 

and Arnold (1980), Wandersee (1983), Bell (1985), 

Stavi et al (1987). 

As we describe the f~ndings of our study we shall refer to some 

of the studies mentioned above. 

METHOD 

Sample 

The sample comprised of 354 students from 18 schools, out of 

2405 students who took the matriculation exaJ in 1985. Schools 

were selected according to their students' achievement in the 

multiple choice section of the exam in past years. The 

stratified sample thus consisted of students from 4 low achieving 

* This group took the lower level (2-3 points) exam. 

schools (mean score 65, n=91), 6 average achieving schools (mean 

score 66-75, n=108) and 5 above average achieving schools (mean 

score 76, n=97). For 3 schools (n=58) achievement data for 

1985 was not available. 

Procedure 

Four items were selected for the justifications tasks. For 

each item we constructed a key for the analysis of 

justifications. The construction of the key included the 

following steps: 

1. Free reading of justifications to obtain a general 

impression. 

2. 

3. 

Defining aspects for the justifications for each item. 

Establishing levels in each aspect. These levels ranged 

from ''not mentioned" to "correct." The intermediate levels 

were assigned to partial answers or specific misconceptions. 

RESULTS AtlD DISCUSSION 

Results for each item are described and discussed 

separately. \Vherever an example of a student 1 s justification is 

cited an attempt has been made to preserve the student's actual 

wording while translating his justification into English. The 

Results for each item are given in tables which comprise two 

parts: Part A gives the distribution of responses to the 

multiple choice item and Part B gives the results of the analysis 

of the justifications, for all the respondents and for selected 

groups of students. 

ITEM l 
Item 1 (Table 1) deals with Nendalian genetics -transmission 

of sex linked gene from parent to offspring. 

Genetics is a subject which is taught in several grade 

levels throughout high school. Longden (1982) identifies three 

"areas of concern" related to the study of genetics in high 
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school: (a) genes, alleles, chromatids and chromosomes; (b) 

replication of DNA and miosis; (c) symbolic representation and 

mathematical bias. Replication of DNA and miosis seems to be a 

major obstacle in understanding inheritance as found also by 

Stewart (1982), Tolman (1982) and Hackling and Treagust (1984). 

Tolman (1982) states that "students can explain with relative 

ease the parental source of the X and the Y chromosomes." Our 

results, however, point to the existence of difficulties in this 

area which might stem from misunderstanding of the segregation of 

chromosomes during miosis. 

Results of the choices which were made by the students on 

the multiple choice item show that 78% of the students chose the 

best answer (option 1), Sixteen percent chose options 2 and 4. 

These students probably think that genes cannot pass from 

grandparents to grandchildren. Examples: 

* "A gene on X chromosome cannot pass to his 
grandchildren since the male can contribute genes on a 
chromosome to his sons and daughters but not to his 
grandchildren, because the genes on the chromosome of 
the grandchild will be determined by his own parents 
and not by his grandfather." 

Six percent of the students chose option 3. These students 

probably think that the X chromosome is not transmitted from 

mother to daughter or confuse the X and the Y chromosomes: 

* "Only the male has an X chromosome, that is why the 
gene cannot pass from the female to her daughters • 
The female has Y chromosomes. 

The analysis of justifications revealed two aspects: 

A: Which types of gametes are passed on from the male to 

his offspring • 

B: Which types of gametes are passed on from the female to 

her offspring . 
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A full correct justification to the best answer had to refer 

only to the fact that all male offsprings receive from their 

fathers a gamete which includes a Y chromosome and not an X 

chromosome (Aspect A). As can be seen from Table 1, 60% of those 

who made the correct choice also justified their choice 

correctly: 

* 

* 

"Because if an X chromosome is transmitted from the 
father, the fetus will be a female and not male. If 
the father contributes a Y chromosome it will be a 
male. That is why it is not transmitted." 
"Because the female is the one who transfers the X 
chromosome and therefore it is impossible for the man 
to transfer this chromosome." 

Thirty-two percent did not mention the type of gametes at all: 

* "A gene on the X chromosome is responsible for female 
heredity." 

Forty-four percent of the students who chose the best answer 

also included in their justification a correct statement 

regarding the female sex chromosomes (Aspect B). 

Even more interesting are the justifications of those 

students who chose options 2 or 4. Ninety-four percent of them 

either did not refer al all to the types of gametes which are 

transmitted or refer to in a wrong way. Since aspect A was 

essential for a correct justification one can conclude that the 

problem of those students was not understanding the continuous 

transmission of genes through generations. 

It can be concluded that although a large proportion of the 

students identified the best answer, their understanding is 

deficient. They fail to realize what is the mechanism which is 

responsible for the pattern of inheritance described in the item 

(X linked traits cannot be transmitted from father to son). This 

lack of understanding could only be revealed through the analysis 

of the justifications. 

ITE~l 2 

Item 2 (Table 2) dealt with plant growth and development. 

Specifically it required from the student to show understanding 

of the role of photosynthesis and soil in production of organic 

matter. 

The analysis of the justifications for item 2 revealed three 

aspects: 

A. 

B. 

c. 

Photosynthesis as a process utilizing CO • 
2 

Materials absorbed from the soil. 

Sources of added organic matter in the wheat plant. 

In each justification, usually more than one category was 

mentioned. Table 2 gives the response distribution to the four 

options and the distribution among the aspects. Aspects A and C 

were considered to be essential for a correct justification, 

From the results shown in Table 2 (Part A) it can be seen 

that the choices students make on multiple choice items can, by 

themselves, reveal misconceptions. Inspection of options 2, 3 

and 4 show that all include "water and minerals" but differ on 

whether an additional substance should be CO , oxygen or organic 
2 

compounds. The results show that 22% of the students believe 

that organic compounds in the soil are the source of organic 

matter. This misconception was found and discussed in many 

studies from all around the world and across age levels (Simpson 

and Arnold, 1980; Wandersee, 1983; Bell, 1985; Smith and 

Anderson, 1984). Another 13% of the students view oxygen as the 

main contributor of additional matter. 

Analysis of the justifications (Table 3, Part B) however, 

provides us with a better insight into the way students think 

about plant growth. A quarter of the students who chose the 

correct answer (option 3), could not adequately relate it to 



photosynthesis (Aspect A) as evidenced by the following examples: 

* 

* 

"Plants take in C02 and release o2 • Plants need water and 
food to grow. Water they get from the soil and the minerals 
are their food." 

"The plant needs sources of food and drink which are the 
minerals and the water, which are absorbed from the soil. 
The plant also needs C02 for breathing." 

Another 6% mentioned the process of photosynthesis but in a 

partial or wrong way: 

* "CO is used by the plant for breathing and for performing 
betier photosynthesis." 

* "C02 is absorbed by the plants as they respire (breath) and 
is used to produce energy. With the help of this energy the 
plant makes additional materials which are needed for the 
building of more cells. The water and the minerals which 
are absorbed from the soil are the plant's food. The water 
is broken down to its constituents and these are used 
together with the minerals to make new cells and from the~e, 
new seeds are formed." 

Two misconceptions surface in the justifications under 

Aspect A: plants breath (respire) CO and plants get their food 
2 

from the soil. One might assume that some of these students 

guessed the correct option, and some do not have a full 

understanding of the process. The lack of link between two 

concepts (here: plant growth and photosynthesis) is considered 

by some to be a special kind of misconception (Fisher, Lipson 

1986). 

A coherent justification, which reflects full understanding, 

had to refer to the fact that both photosynthesis and materials 

absorbed from the soil contribute to the added materials 

* In Hebrew the same word is used for "breath" and for "respire". 

accumulated during the plant's life, From the distribution in 
Aspect C for the students who chose the best answer (option 3) it 

can be seen that only 22% of them established this link in their 

justifications: 

* 

* 

"In the process of photosynthesis the plant used these raw 
materials and converted them into organic substances which 
were used in the production of new seeds." 

"The main sources are the water, minerals and C02• From 
these, in the process of photosynthesis, the plant makes 
organic substances which build it. The plant grows and 
produces a new generation - new seeds." 

18% referred to photosynthesis as the only source of added 
organic materials: 

* "By photosynthesis the plant produces organic materials 
(starch) which is accumulated in the seeds," 

52% of the students did not mention the sources of organic 

matter although some of them did link between CO and 
2 

photosynthesis as can be seen from the following examples: 

* 

* 

"The plant needs C02 and water for photosynthesis. It also 
absorbs minerals from the soil." 

"The seedling needs C02 lor vhotosynthesis and without it 
the seedling cannot reproduce." 

The justifications given by students who opted for no. 4 

reveal a very persistent and well documented notion about the 

role of the soil in plant development. Very few of these 

students (3%) related to photosynthesis in their justification 

(Aspect A). Most (75%) repeat the wrong idea that plants absorb 

organic substances from the soil and that these constitute the 

main source of added organic matter (Aspects Band C): 

19 



20 
* "The seedlings need water, minerals and organic substances. 

C0
2 

and oxygen are also important but they are not a source 
of materials," 

* "The seedling needs minerals for food, water and organic 
substances, co2 and o2 are also important but are not major 
sources for added organic matter as opposed to minerals, 
water and organic substances." 

A typical justification given by a student who chose no. 2 
is given below: 

* "The seedling needs food and energy. The food comes from 
the minerals in the soil. The oxygen is used for 
respiration." 
The findings pertaining to item 2 can be summarised as followed: 

1. The justifications reveal the misconception that "plants get the food 

from the soil in the form of organic compounds." Students who hold this 

notion are very consistent in using it to explain plant growth. 

2. Students show missing links in their knowledge structure. Some do not 

link between the process of photosynthesis and the production of organic 

materials. Others, still, have a more fundamental missing link: they do 

not link between CO and photosynthesis 
2 

ITEM 3 

Item 3 (Table 3) required a prediction as to what will happen to an 

alga cell transferred from fresh water to water with high salt 

concentration. The process which takes place under these conditions is 

plasmolysis as a result of osmosis. 

Difficulties in understanding osmosis are widely 

acknowledged snd are thought to stem from: abstract nature of 

the concept (Arnold snd Simpson, 1982), deficiency in knowledge 

of chemistry snd physics·(Johnstone and Mahmound, 1980), 

difficulty in applying knowledge (Arnold and Simpson, 1982), 

teleological thinking (Friedler, Amir and Tamir, 1986) and from 

confusion in the use of terms such as "water potential" and 
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"diffusion pressure deficit" (Hutchinson and Sutcliffe, 1985; 

Gayford, 1984). 

Eighty-one percent of the students chose the best answer in 

this item. Three aspects were identified in the justifications 

given in this item, and subsequently usep in the analysis. The 

aspects and the distribution of students' responses are given in 

Table 3. 

A coherent justification for the best answer should have 

specified the difference in solute concentration between cell sap 

and the surrounding solution and explain the direction and cause 

of water movement. 

Forty-one percent of the students gave a correct description 

of solute concentration while 44i. refrained from doing so 

altogether. 

In agreement with previous findings (Friedler, A11.ir and 

Tamir, 1986), the concept of "water concentration" is not 

available to most students, and only 25% used it to describe the 

different concentrations (Aspect B). 

The source of many of the difficulties in understanding 

osmosis stems from misconceptions regarding the cause of water 

movement from one side of the membrane to the other side. This 

can clearly be seen from the distribution in Aspect C. Thirty 

percent of the students designated the "aspiration to equalize 

concentrations" as the cause of water movement. This type of 

explanation reflects teleological thinking: 

• "The water can leave the cell and it wants to equalize the 
sweetness and saltiness on both sides." 

* "Because in nature there exists an aspiration to equalize 
concentrations and therefore water moves by osmosis from a 
place of lower concentration to a place which is more 

concentrated." 

Among those students who gave correct causes for water 

movement 19% said that concentration or pressure gradient was the 

cause, 14% identified the process of osmosis and 13% diffusion as 

the cause for water movement: 

* "Because solute concentration in the outside solution is 
high and there is less water than in the cell, water will 
move from higher to lower concentration." 

* "This process is called osmosis: water moves from a dilute 
solution to a more concentrated one and therefore water will 
get out the elgal cell, (which has a dilute solution) and 
move into the concentrated solution and the cell will 
shrink." 

The question whether giving such answers reflects meaningful 

understanding of osmosis cannot be answered from these findings. 

The diversity of explanations (7) found in students 

justifications suggesuthat the situation is indeed complex. 

ITEM 4 

Item 4 dealt with the human body's response to the injection 

of egg protein directly into the blood system. The item procures 

the understanding of students of the function of the immune 

system. 

The immune system is studied at the higher grades of high 

school. We are not aware of any research which has focused on 

understanding of immunity. 

A. 

B. 

c. 

Students' justifications addressed the following aspects: 

Egg protein is a "foreign" protein. 

The immune system reacts to any "foreign" (non-self) 

proteins by producing antibodies. 

The body's specific reaction towards inject of egg protein. 
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D. Cause and effect relationship in the body's reaction. 

Although it was possible to give a justification by adding: 

"because egg protein is a foreign protein, when injected into the 

blood system," most students were more elaborate in their 

justifications (only 4 gave this concise jusLification). 

The above mentioned aspects as well as the choice, made by 

the students, on the multiple choice item, were used to identify 

misconceptions. 

All those students who chose options 1, 2 or 4 (62% of total 

sample) basically held the same notion: injected egg protein is 

not a foreign substance. This idea lead most of them (44%) to 

predict that the protein will be digested by enzymes. 

Table 4 gives the distribution of responses to the four 

aspects, for the whole sample and for those who chose option 3 

(best answer) and 4 (misconception). 

It can be seen that category A enables us to identify 3 

groups of students. 

I. Those who indicated that injected egg protein is foreign 

(34%). Host of them came from amongst those who chose the best 

answer. 

II. Those who indicated that injected egg protein is not foreign 

(21%). This group came mainly from amongst those who have chosen 

option 2 and option 4. 

III. Those vho did not mention whether or not the injected 

protein was foreign. This group came mainly from amongst the 

student.s who chose -rtio" If. 

Further analysis revealed the following (Fig. 1): 

Group I shows a coherent and consistent line of thought; most of 

them gave correct statements in both aspects B and C: 

immune system can distinguish between proteins which are harmless 

food from proteins which are not food (or harmful), 

* "As soon as a foreign substances is injected to the blood, 
antibodies are produced. Egg protein is not part of our 
body and therefore it is foreign. The body does not 
distinguish foreign material which is food from foreign 
material which is not food." 

Group II shows the existence of missing link in their knowledge 

structure; on the one hand they know that egg protein is digested 

by enzymes. Half of them also stated that antibodies react 

against foreign proteins. Their missing link is in understanding 

that injected proteins lead to a response which is different from 

the response to "eaten" protein. They hold that the response of 

the body is determined by the fact that egg protein is "food," or 

by the fact that it has large molecules which cannot enter the 

cells unless broken down: 

* 

* 

"The body will not produce antibodies against egg protein 
because it is harmless food. The body produces antibodies 
only against antigens which can cause illness." 

"(The body will produce enzymes) in order to digest it, 
Antibodies fight only bacteria but not proteins." 

Group III which comes mainly from amongst those who chose option 

4 reveal no knowledge about the immune system. Their 

justifications include repetition of the option itself, and a few 

elaborations explaining the function of enzymes: 

* "Egg protein is broken down into amino acids. Each amino 
acid is equal to three nucleotide bases. The breakdown is 
done by enzymes in the stomach and it is absorbed in the 
intestine. Each enzyme has its specific substrate." 

The findings described here also point to misconceptions 

regarding the function of two distinct systems: the immune 

system and the digestive system. Thus some students believe that 

materials can be digested in the blood system and others that the 
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CONCLUSIONS AND IMPLICATION 

The results presented here show the effectiveness of 

justifications to multiple choice items in uncovering 

misconceptions of students. They also point to the gap which 

sometimes exists between the degree of understanding as revealed 

by the choice of the best answer and the understanding, as 

exhibited in the justifications to that answer. Carefully 

constructed multiple choice items are by themselves efficient in 

corroborating our knowledge about existing misconceptions, like 

item 2 or item 4. Their main function can be a means to 

determine the frequency of known misconceptions among certain 

populations of students. 

The contribution of the justifications is two fold: 

1. Identifying misconceptions, missing links and teleological 

thinking among students who are successful in choosing the 

best answer. 

2. Achieving better understanding of notions held by students 

who choose the distractors, and identifying their 

misconceptions. 

Thus we have shown that although a large group of students 

chose the correct answer in item 1, many of them reveal 

misunderstandings of Hendel's Laws. A similar situation existed 

among the students who chose the best answer in item 2 as 

evidencedby the fact that about t;~ Ofthem did not mention the 

process of photosynthesis. 

In item 3 it was shown that students had suggested many 

alternative explanations to the cause of water movement. Some of 

these explanations were correct, others were incorrect, However 

the relative frequency of each could not be deduced just from the 

percentages of correct answers, which was relatively high, and 

the analysis of justifications contributed significantly to our 

knowledge on this issue. 

A different situation was discovered in the justifications 
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for item 4. Here it was found out that many of the students who 

had chosen incorrect answers did so because their knowledge was 

only partial. They did possess and express some relevant correct 

segments of knowledge about the immune system but could not apply 

it correctly to a somewhat tricky situation - egg protein 

injected into the blood. 

The justifications given by students who had chosen 

distractors were especially revealing as regards to 

misconceptions. This is best seen in the justifications for item 

2, option 4. As found in many other studies, our study shows 

that about a quarter of the students in the sample hold the 

notion that the plant gets its food from the soil and use this 

notion in a very consistent manner. 

A major implication of our study relates to the important 

contribution that justifications to multiple choice items can 

make. A requirement to justify select multiple choice items can 

be of great help to the teacher in learning more about the actual 

depth of understanding of his/her students and in uncovering 

their misconceptions. In order to make the best use of the 

potential of justifications, care should be taken in selecting 

appropriate multiple choice items for this purpose. One 

criterion for selecting such items is the inclusion of known or 

conjectured misconceptions as distractors. 
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The Effect of the Testing Format on the Distribution of the Results 

Varda Bar 

THE AMOS DE-SHALIT SCIENCE TEACHING CENTRE IN ISRAEL 

Introduction 

This problem was investigated by Staver (1986), in this paper and 

in view of his earlier results (Staver, 1984; Staver and Pesiarella 

(1984), he states that the influence of the testing is only marginally 

significant. An effect was found only in problems indicated by him as 

difficult. Staver (1984) studied the ability of the participants to 

apply formal logic in the forms of proportional thinking and variable 

controlling. Concerning operative knowledge (Lawson, 1982; Lawson, 

1985) it can be assumed that when the child reaches the stage when he 

is able to solve the problem correctly using his own logic, he can do it 

in all testing conditions. He can then contradict the wrong suggestions 

included in the multichoice test. This is not the case when the 

qualitative explanations and views that people have about physical 

concepts or natural phenomena are checked. In this situation the 

participant is not sure that he really knows the right answer. In 

many times he is only guessing. The situation is more ambiguous, as 

knowledge, as well as logic, is involved in choosing the right answer. 

Thus when the participant is confronted with the diversions of the 

multichoice test he can be tempted to prefer the choice of the wrong 

answer. Especially if the wrong diversion contains scientific 

terminology, learned but not fully understood. In this situation the 

participants cannot reject the wrong answer, since they do not have 

enough knowledge. Thus, in the studies of the qualitative views about 

nature test format becomes important, and might have a significant 

effect on the distribution of the results. 

Different testing methods have been used in previous research. To 

enable the comparison of the results of various researches to each other 

the effect of the testing methods should be checked. 

In this study three kinds of testing methods were used. An 

individual oral test, a multichoice test and an open ended written test. 

Carrying out all these kinds of tests enabled us to perform the task of 

finding .2!:!l. ~ ~ 21 testing format 2.!!. ~ distribution 21 the 

results. The subject that was included in these tests was children's 

ideas concerning boiling and evaporation. 

Method 

Design and ~ 

This investigation was carried out in three phases. 

Phase One 

In phase one the oral individual testing method (Piaget, 1929; 

Piaget, 1972) was used. This method is the only one considered suitable 

for testing young children, up to the age of nine (Bar, 1987a; Brainerd, 

1974). The age range observed during this phase was five to twelve 

years, the number of participants was eighty-three (see figure 1) with 

equal numbers of boys and girls. The participants came from a city and 

are of a middle class background. The test was presented in the form of 

a dialogue. Each participant was presented with boiling water and was 

asked to describe his observations. Then he/she was asked: what is the 

vapour made of? what will happen to the quantity of water? where does 

the vapour come from? and can vapour be changed again into water. 

Concerning evaporation they were asked what happens to water that was 

spilled on the floor, and where can this water be found. 

Phase Two 

During this phase five multichoice problems were presented in the 

following order: 

l· 

1.· 

Wet laundry was hung on the rope, it became dry. The water: 

a. Went into the sun 

b. 

c. 

d. 

e. 

Is in the laundry 

Changed into air and disappeared 

Changed into hydrogen and oxygen 

Changed its form and is scattered in the air 

Water was spilled on the floor, the floor became dry. The water: 

a, 

b. 

c. 

d. 

Disappeared 

Penetrated the floor 

Is scattered in the air of the room 

Can be found near the ceiling 



1· 

Can vapour be changed into water? 

a. 

b, 

c. 

d. 

Yes, since vapour is another form of water 

No, water just changed into air and disappeared 

Vapour can change into water only in the clouds 

This happens only during winter when it rains 

A wet saucer was left on the table, it became dry. The water is 

now: 

a. 

b. 

c. 

In the saucer 

Changed into air and disappeared 

Changed into hydrogen and oxygen 

d, Just changed its form and scattered into the air 

When water is boiled, vapour appears. The vapour is made of 

a. Water 

b. Air 

c. Hot air 

d, Heat and water 

e. Hydrogen and oxygen 

The diversion~of the problems were taken from the answers collected 

during phase one, and earlier investigations. Za'rour (1976) 

investigated the "drying of the laundry" and Osborne and Cosgrove (1983) 

investigated the "drying of the saucer." The age range of this phase 

was between ten to fourteen. Other details of s~ple and population are 

similar to those of phase one. The numbers of participants in each age 

group is given in figures 2 to 5. One age group participated in phase 

one as well as in phase two, thus enabling us to check the influence of 

the test format on the results. 

Phase ~ 

During phase three the ~ problems represented at the same order 

as in phase two were presented, but in an open ended form. The age 

range and population were as in phase two. The number of participants 

was two hundred and forty, sixty at each age group. Thus we were able 

to check if the differences recorded are solely due to the difference 

between the open and closed tests or that they may be due to effects of 

the a) age range and population, b) the context or c) the differenc~ 

between an oral or a written test. 

Results 

~~ 

The results of phase one are given in fig. 1, and can be summed up 

as follows: 

The understanding of boiling precedes this of evaporation and 

condensation. In all the age groups examined, during phase one, about 

fifty percent or more of the participants said that when water is boiled 

vapour is initiated, this vapour is made of water, the quantity of water 

is reduced and the vapour is coming from the water (figure 1, B, C, D 

and E). 

The understanding of evaporation and condensation as a function of 

age are parallel to each other (fig. 1 A and F). The percentage of 

correct answers for these items reaches 60 at most, and is smaller than 

the percentages of correct answers recorded for all the problems of 

boiling at all the age groups. 

~~ 
In this phase the evaporation problem was presented through three 

contexts. The distribution of the results concerning the problem of the 

drying of the floor is given in fig. 2. It is similar to that of phase 

one. Figure 2 shows that the percentages of correct answers in the age 

group that participated in both phases are similar. The diversions did 

not distract the participants since they are typical to younger age 

groups and represent only minor views at the age range ten to fourteen 

(Bar, 1987b). The percentage of correct answers reaches 82 at the age 

of fourteen. The effect of the diversions is demonstrated though in 

fig. 3, where the distribution of the answers given to the problem of 

the drying of the laundry is shown. The percentage of correct choices 

was reduced considerably and it reaches only 30% at the oldest age group
1 

only 40% at 12.5 years (fig. 3, E). Instead the diversion that says 

that during evaporation the water changes into hydrogen and oxygen was 

frequently chosen (Fig. 3, D). This answer was recorded only~ 

during phase one. This result shows that the participants are not 

really sure that water vapour is another form of water. Even in the 

open ended test many of them say that the vapour consists of ~· The 

idea that during evaporation the water molecule disintegrates into 

hydrogen and oxygen is hardly found in the oral test, but was oftenly 
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recorded during phase two, this result demonstrates the effect of the 

testing method. In fig. 4 the views concerning the problems of the 

"drying of the saucer" are given. According to the order of the test 

this problem was solved after the problem of the "drying of the floor" 

(fig. 2) and the possibility of changing vapour into water were already 

solved (fig. 6), Comparing the results given in figure 3 and figure 4 

we see that the percentage of correct answers appearing in figure 4 is 

twice as much as in figure 3. But even then the percentages of the 

answer "hydrogen and oxygen" are rather high and exceed considerably 

this of the oral test (as mentioned above it was recorded only once), 

demonstrating again the effect of the testing, 

The clear conclusion of phase one, that the understanding of 

boiling precedes this of evaporation was not recorded in phase two, 

When confronted with the possibilities that when water boils it changes 

into hot air, or to water and heat, the percentage of correct answers 

reduced from~~ to ~'o at the age group eleven and five months (fig. 

5). The percentage of correct answers grows as a function of age and 

reaches 58 percent at the age of fourteen but even then it is less th11n 

the percentages recorded in phase one. The misconceptions heat or hot 

air were recorded occasionally also in phase one, but onlylfew answers 

of this kind were found and their percentage in the whole sample is less 

than three, Again the effect of the format is very apparent. 

In figure 6 the distribution of the results concerning the problem 

of condensation is given, The distribution of the results is similar to 

that of phase one and to the percentage of correct answers to the 

problem of the drying of the floor (figure 2), This demonstrates again 

the result of phase one that the development of the understanding of 

evaporation and condensation are parallel to each other. 

The results of phase !!:!!.!!. were similar to those of phase .!m!.• 

Phase three probed the same contexts as phase two, at the same age range 

as in phase two and more over it was a written test as in phase two. In 

spite of all thtaithe results of phase three are the same as those of 

phase one and not as those of phase two, 

Concluding Remarks 

The results of these investigations show that when qualitative 

problems checking children's understanding of physical concepts are 

studied, the format of testing is significant. Misconceptions that are 

hardly found in the open ended tests, oral, as well as, written are 

recorded in considerably high percentages in the multichoice test. It 

is worthwhile to mention that when our participants, were presented 

by similar problems 1in the same format 1and using the same diversions
1
as 

in earlier investigations, our results were similar to those appearing 

in those earlier studies. Thus the effect of the test format and the 

choice of the diversions should be taken into account while referring to 

previous results also. 

Though the same views were recorded in the open ended tests and in 

the multichoice test their distribution was changed considerably. Many 

participants are drawn to the "scientific" suggestions and prefer them 

above the right answers that they would have given in an open ended 

situation. The same thing may happenJ
1
also, in the class. When 

learning chemistry and being exposed to the concepts of hydrogen and 

oxygen the same mistakes that were recorded in the multichoice test can 

occur, The pupils may change their ideas from the correct one
1
to the 

wrong idea that during evaporation the water changes into hydrogen and 

oxygen, Another misconception is the idea that energy has some material 

meaning. It occurs also sometimes in the open ended situation. But the 

frequency of this view is very much enhanced when it is presented in the 

multichoice test. 

There is some difference between the misconceptions that appear 

concerning the various concepts, In the boiling problem the idea of 

heat is more self-suggested, thus the misconception "hydrogen and 

oxygen" is less frequently recorded. This misconception is more 

abundant with regard to the problems of evaporation. 

While teaching science it is recommended to pay attention to theae 

findings which indicate that the pupils tend to misinterpret scientific 

concepts and processes and use them wrongly (see also Osborne and 

Cosgrove 1983). The effect of the testing format shows that even those 

who give right answers in open ended teste and in the class are not sure 

about the correctness of their own answers, as they can be misled even 

by a diversion in a multichoice test. 
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Figure Captions 

Figure ~- The development of the conceptions of Boiling, Evaporation 

and Condensation 

Evaporation 

A. Percentage of correct answers to the problem 

the floor 

of the drying of 

Boiling. 

B. 

c. 
D. 

E. 

Percentages of answers given to the following items: 

When water is boiled vapour is seen, this vapour is 

"coming from the vessel." 

The vapour is coming out of the water. 

The quantity of water is reduced 

The vapour is made of water 

Condensation 

F. Percentage of correct answers to the problem "Can vapour 

change into water?" 

Figure Two - the drying of the floor 

A. The water disappeared 

B. 
c. 
D. 

The water penetrated the floor 

The water changed form and is scattered in the air. 

The water is near the ceiling 

Figure ~ - The drying of the laundry 

A. The water is in the sun 

B. The water is within the laundry 

c. The water changed into air and disappeared 

D. The water changed to hydrogen and oxygen 

E. The water changeJ its form and scattered in the air 

Figure Four - The drying of the saucer 

A. The water entered into the saucer 

B. The water changed into air and disappeared 

c. The water changed to hydrogen and oxygen 

D. The water changed its form and scattered in the air 
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Figure ~ - The vapour coming from boiling water is made of 

A. Another form of water 

B. Air 

C. Hot air 

D. Water and heat 

E. Hydrogen and oxygen 

Figure §1! - Can vapour be changed into water? 

A. Yes, because vapour is made of water 

B. No, because the water changed into air and disappeared 

C. Vapour changes into water only in the clouds 

D. Vapour changes into water only in winter when it rains 
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THE DESIGN, IMPLEMENTATION AND EVALUATION OF A 

MICROBIOLOGY COURSE WITH SPECIAL REFERENCE 

TO MISCONCEPTION AND CONCEPT MAPS 

Introduction 

Hanna Barenholz and Pinches Tamir 

Israel Science Teaching Center 

Hebrew University Jerusalem 

Ausubel's learning theory (Ausubel 1968 and Ausubel et al 

1978), is based on the assumption that human thinking involves 

concepts. He further postulates that a hierarchical structure of 

concepts is an important variable in students' learning. One of the 

most important distinctions in Ausubel's theory is between rote 

learning, and meaningful learning. Meaningful learning according to 

Ausubel's theory depends upon the idiosyncratic concepts the 

individual holds. For Novak's (1979) theory of school learning, 

concepts and the propositions describing relationships among them, 

are also of primary importance. 

The design of concept maps, is described by Novak as: "A 

process that involves the identification of concepts in a body of 

study materials, and the organization of those concepts into 

hierarchical arrangement from the most general, most inclusive 

concepts to the least general, least specific concepts" (Novak 1981 

p. 3). 

Ferry (1986) claims that a brain needs to compare nev 

information with what it already knows, and the best vay to store 

information is in modifiable networks. 

Following Hertig's (1976) call to biology educators and 

learning theorists, to combine their talents, to improve the quality 

of biology education, Stewart et al (1979), demonstrates how concept 

maps (C.H.) can be used in biological curriculum planning, 

instruction and evaluation. 

Concept maps were used as instructional aids as well as for 

course design examples: In earth science Ault (1985), in 

mathematics Melones and Dekker (1984), in physics Moriera (1978) in 

biology Novak (1979), Stewart et al (1979), and Novak and Symington 

(1982). 

There are several different styles and procedures as to the way 

concept maps are designed and evaluated which indicates hov widely 

maps are used (e.g. Matthews 1984, Novak 1979, Cronin et al 1982, 

and Stuart 1985). 

C.M. as an investigating tool of meaningful learning vas used 

by Novak (1979), Edwards and Fraser (1983), and Brumby (1983). 

They were employed at different age levels with various ethnic 

groups, Leman et al (1985) including junior high school Novak et al 

(1983), senior high school Gurley (1982), and college students 

Arnaudin et al, and Moriera (1979). 

Reading and remedial reading is another area of research which 

has used concept maps. Since educators and reading experts agree on 

the importance of the organization of texts and other learning 

materials, as a factor in comprehension and in facilitating memory. 

Berkowitz (1985), compared experimental methods of content 

organization in the teaching of reading to sixth grade students, 

She found that the group of students vho constructed maps scored 

significantly higher than the other groups. 

Brooks et al (1983), based their research on Anderson's "Schema 

theory." They found that students trained in the use of schema, 

significantly facilitated their recall of scientific text. 

Camperell et al (1985). Showed the use of "network diagrams," which 

are very similar to concept maps, as a tool for teaching remedial 

reading. These maps or network diagrams were more helpful than 

outlines. 



According to Spiro and Taylor (1980), Anderson (1983) and Meyer 

et al (1984), readers who are sensitive to text structure appear to 

recall more information than others. They believe that if students 

identify the structure of the learning materials their recall may be 

enhanced. All these findings seem to support the learning theory of 

Ausubel and Novak (1978) and its implications for science education. 

Another aspect in science learning, which concerns science 

educators are the large number of misconceptions, which were 

identified in all areas of science, those seem to interfere with 

proper learning. For examples see Helm and Novak (1983). 

In our study special emphasis was drawn to identification of 

learning problems and misconceptions, while designing our learning 

program. The program was designed hierarchically, and concept maps 

were used as a main heuristic device through all stages of research, 

from planning and designing of the learning program, through 

instruction and evaluation. 

Material and methods 

This study reports the development of a microbiology course 

based on Ausubel and Novaks' learning theory (1978). It's 

implementation and evaluation in the classroom. 

a) 

b) 

c) 

The main characteristics of the developed curriculum were: 

Enhancing meaningful learning by exposing students to 

hierarchically organized learning material. (From general 

ideas through concepts to details and examples). 

Identifying learning problems and misconceptions, and referring 

to them in the program. 

Using concept maps (C.H.) as a basic strategy through all 

stages of planning, designing, implementation in the classroom, 

and students' evaluation. 

d) Updating the subject matter with current conception of 

microbiology. 

W(Jr/<. UFl'\.S Co...rruc) Cu} 

Preparatory stage - This stage included: 

Collected information ~existing learning materials, ~ 

microbiology, for high ~ students..!.!!. Israel - It was found, in 

the years 1979-1980, that most microbiology courses were using the 

Hebrew version of the B.S.C.S. (Yellow version text) as published 

about 20 years ago. 

Identifying learning ~ - Was accomplished by: Talking to 

teachers, visiting classrooms, reviewing science education journals, 

reviewing study programs, local and foreign It was found that 

microbiology had been taught in Israeli schools in tenth or eleventh 

grade, and sometimes in twelfth grade. Time devoted to the subject 

ranged from several weeks to several months. 

Updating the subject ~ - Was accomplished through current 

scientific literature and discussions with microbiologists. 

Identifying ~ scientific knowledge thaht ~ relevant £2 education. 

In science education journals we found examples of such 

knowledge. For example: The newly established primary kingdom of 

organisms, the "archabacteria" Evans (1983), Lennox (1983); 

previously unknown diseases Sobieski (1984), and the importance of 

taxonomy in biology education Honey et al (1986). 

Identifying learning problems and misconception - was carried 

out during the preparatory stage, .2 ~ .2 through ill~ 

stages .2f ~ research. 

The sources of this information were: science education 

literature, results of the matriculation examination (those are the 

final examinations given to high school majors), classroom 

observation, students concept map, and various tests we administered 

in some high school classes. 

l. 

We concluded from the Preparatory stage that: 

There is a need for an up-dated learning program in 

microbiology. 
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2. 

3. 

This program should be modular, so that it may be adapted for 

different students' levels, and different lengths of time. 

Special attention should be given to learning problems and 

misconception. 

Developing ~ learning program 

Based on those conclusions the program was developed, Table 1 

summarizes the three stages of the development. 

In all the stages informal classroom observations were made, as 

well as collecting students' written work such as: examination 

papers, and concept maps. 

Table 1: Developing stages of the learning program, and their main 
characteristics. 

Developing 
stage 

Pilot 

Formative 

Summative 

Characteristics 

- First experience with C.M. 
a. As part of programs text 
b. As part of student's work 

- Many ready made C.M. were 
included in the text 

- Identifying learning problems 

-Longer exposure to C.M. exper. 
- Less ready made maps in text 
-More student's prepared maps 
- Considering learning problems 

already detected 

- C.M. became an integral part 
of the program 

- More learning problems were 
treated. 

No. of 
units 
developed 

one 

5 modular 

8 modular 

No. of 
classes 
studying 

one 

5 

16 

Since we'll report in this paper mainly the results obtained at 

the summative stage, classroom procedure and students evaluation 

will be described for this stage. 

Classroom procedure 

At the summative stage 16 classes participated. lOth 11th and 

12th grades, in this report no distinction was made between the 

different grades). The classes were divided into 3 groups: 

1. 

2. 

3. 

"Mappers" - map instructed group "mappers" who studied our 

learning program and worked with C.M. 

"No maps" - this group studied the program, but was not 

required to construct C.M. "no maps." 

"Comparison" - this group studied the B.S.C.S, curriculum 

without mapping exercise. 

Students' evaluation 

Students' evaluation through all stages of this study was based on 

paper and pencil exams, including several types of examination items, 

for details see Table 2. 

Mapping strategies 

1. 

2. 

Two main types of concept maps were used during this study: 

Ready made C.M. which were an integral part of the text. 

Students' constructed C.M. of the following types: 

Partial maps - had to be completed, maps that had to be 

constructed following a supplied list of relevant concepts and 

finally maps that had to be constructed from students own fund 

of knowledge (see also Table 1). 

Introducing maps 

This was done in three different variations at each stage: 

Pilot stage - Students got an example of a ready made C.M. Then 

they obtained a list of microbiological concepts, which they were 

asked to organize into a C.M, similar to the example given. 

Formative stage - In this stage, the "mappers" were introduced to a 

modification of Novak's "Learning how to learn" (1981) exercise. 

Summative stage - The introduction to C.M. is included in the preface 



to the program's textbook. It is composed of: A short explanation 

about the importance of knowledge organization, an example of a C.M. 

summarizing a short text, and'instructions for self assembly of 

C.M., also summarizing a short text. 

Students' attitude toward ~!U& the learning program 

The procedure in which attitudes were assessed are summarized 

in Table 3. 

Teachers'* involvement~ the learning program 

Pilot stage - No direct teacher involvement was required at this stage. 

Formative stage - The biology teachers taught the subject matter, while 

introduced the C.M. 

Summative stage - Teachers taught the subject matter, as well as 

C.M. according to the introduction of the program. 

Table 2 pretest and posttest procedure 

pretest posttest 

concept definitions 

self-evaluation of concept understanding 

multiple choice questions 

open-ended questions 

Teachers were asked to write a report about the course 

procedures, and to answer an attitude questionnaire, about the 

program and working with C.M. 

Table 3: Students' attitude evaluation in the various stages of 

study 

Stage of study 

pilot 

formative 

SWilffiative 

attitude assessment 

oral discussion with students 

short questionnaire about the, text, one 

general question about C.M. 

more detailed questions* about both text and 

maps also questions comparing mapping to 

other learning methods. 

*A modification of Arnaudin et al (1984) attitude questionnaire 

Results 

We differentiated between two main types of misconceptions: 1. 

general principles and 2. related to specific concepts. 

~ General principles 

"reasons" to multiple choice Many students do not understand the role that microorganisms 

answers C.M. for "mappers," 

openended for others, 

attitude questionnaires 

*We like to thank all the teachers and students who participated in 

this study for their cooperation 

play in nature, their role in material cycles, especially as 

decomposers, and their importance to mankind. This was first 

revealed in answers given in matriculation examinations. 

Following these findings, the same questions that were asked in 

the matriculation exams, were asked in our pretests (Table 4). In 

the pretest only 15% of students could explain the role of 

microorganisms in nature as, in food webs, and in different material 

cycles ("complete" answer Table 4), 44% gave partial answers, 

("partial") and 41% thought that microorganisms were either harmful 
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or else unimportant ("wrong answer"). Even a larger number of 

students couldn't explain the importance of microorganisms to 

humans: for example none of the students mentioned the natural 

microflora of our bodies ("complete answer"). About 30%, if given 

the choice, would have eliminated bacteria and other microorganisms 

from Earth ("wrong answer"). 3% of students had, stated that any 

creature which God or Nature have created has it's place on Earth 

and shouldn't be extinguished ("God's creation"). 

Other basic misconceptions were revealed when students had to 

explain the biological principles of food preservation. They failed 

to understand that in order to preserve food we create conditions 

which are not favorable for microorganisms, by changing one or more 

of the basic conditions of life, such as temperature, or water 

supply The answers showed that less than 15% gave a full 

explanation to those questions ("complete answer," see table 4). 

~ Specific concepts 

Antibody - in the pretest only 7% were able to define this 

concept ("complet~ answer," table 5). Results of a multiple choice 

question in the matriculation examination, showed 58% of correct 

answers, and 14% in our pretest, to questions related to the nature 

of antibioh:s(Table 6). 

Antibiotics - only 3% wrote in the pretest a complete 

definition of antibiotics ("complete answer"). Common 

misconceptions were: ."Antibiotics do help antibodies* fight 

bacteria," or "antibiotics combine with antibodies and behave like 

one" ("wrong" and "confused with antibody" answers table 5). 

Students were also asked: "How is resistance against 

antibiotics developed? and what is it's medical importance?" These 

questions were asked at matriculation exams, and in our 

*In Hebrew the concepts antibiotics and antibodies sound different 

than in English so there is no question of semantic confusion. 

questionnaires. In the pretest 19% (multiple choice question) chose 

the right answer ("complete answers" table 6), 31% thought that 

bacteria develops antibodies against antibiotics, this was true also 

for 27% of answers to matriculation exams, 24% of the students in 

the pretest thought that "the human body develops resistance against 

the antibiotics." 

Some misconceptions were particularly uncovered in C.M. 

prepared by students. Examples: Inability to differentiate between 

prevention and curing of diseases and misunderstanding of Koch's 

postulates (Exhibit 6). Misunderstanding of material cycles in 

nature is another example. 

Some misconceptions were mainly uncovered during classroom 

observations, example: 

"The role of water in maintaining life" - The question rose 

while discussing what are the growth needs of bacteria. Water is a 

basic requirement for every form of life. It turned out that for 

many students in the five classrooms we observed this was not clear. 

Similarly, many students did not understand the importance of other 

basic substances such as carbon and nitrogen, 

Multiple choice questions were yet another source to uncover 

misconceptions (see table 6). 

Dealing with misconceptions 1E the learning program, and~ effect 

~ students posttest results 

While developing the learning program, special emphasis was 

given to the topics and concepts in which learning difficulties were 

identified. 

We'll describe how some of those topics were treated in our 

program, for example: "The importance of microorganisms in 

nature, and to men." We prepared a C.M. summarizing this subject. 



This C.M. served as a guide for developing the first chapter of our 

book. This map is not included in the book, However students 

"mappers" were asked to summarize this chapter in the form of a C.M. 

The maps produced turned out to be very clear, and meaningful 

(Exhibit 4). This was also one of the main subjects included in 

students final maps. Answers to the questions in the posttest 

compared to the pretest (see Tables 4, 5, and 6), showed a big 

improvement in the groups that participated in our learning program. 

The comparison group didn't do as well. There also seems to be a 

tendency of "mappers" to score somewhat higher on those items. 

"The essentials of life maintenance, and the biological 

principles of food preservation." In the learning program the 

essentials of maintaining life was explained in the second chapter, 

later in chapter 7 application of these principles were explained, 

as the basis for food preservation. 

The questions about food preservation in the posttest were 

identical to those given in the pretest. Students' answers (Table 

4) showed improvement, compared to the pretests, although not as 

much as we had hoped for. As with the previous items, students 

working with our program scored higher than comparison students, 

Similar treatment was given to other misconceptions, mentioned 

earlier, antibodies and antibiotics. In order to improve 

understanding of those concepts, students were required to compare 

between them. As a suggested treatment for the "distinction, 

between prevention and curing of disease," students were asked to 

draw a C.H. For posttests results see Table 5. 

Again test groups scored higher than the comparison, and 

"mappers" show a tendency to score somewhat higher than the others. 

Similar results are obtained with multiple choice questions 

(see Table 6). 

Working ~ concept maps 

C.M. were used throughout the whole program, for various 

purposes: The first map (Exhibit l) presents the overall idea of 

the course. Exhibit 2 is an example of a map that summarizes a 

large body of knowledge, as introduced in the pilot unit. 

Examples of well designed maps prepared by students are Exhibits 

4 and 5. A C.M. summarizing one defined subject or the main 

features of the course (Exhibit 3). 

Students were encouraged to add relevant concepts, of their own 

knowledge, while designing maps with the help of a concept list. 

Exhibit 5 is an example of such a map. This kind of map also helped 

uus understand how newly acquired concepts are integrated in 

students' mind. 

Exhibit 6, reveals misunderstanding of Koch's 

postulates and in complete understanding of prevention and curing of 

disease. 

Exhibit 7 is a teacher's prepared map, for instruction design. 

Attitudes ~ £J!:.. 
It is quite clear, from students answers, (on a Likert scale 

questionnaire), that Novak's main ideas about C.M., as an heuristic 

devise, are understood by many of the students who studied with 

them, as an integral part, of the learning program. Between 40%-60% 

thought it is a very good method, about 40% were uncertain, and 

between 20%-30% didn't like it. C.M. scored the highest compared 

with three other learning activities namely: Answering questions, 

reading scientific papers, or organizing information (Table ~ as 

a means for understanding of concepts, understandding their the 

relationships and hierarchy. More than one-third thought that C.M. 

are a good way to study biology (Table 8) but only 7% thought they 

might use them in other subjects, about 40% thought that C.M. 

reflect well their knowledge in a certain subject, and helped them 
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in arranging their concepts meaningfully. Only 20% thought that 

maps help in uncovering misconceptions. Only 8% thought that 

concept-mapping is a pleasant activity, and only 5% like to discuss 

their maps with friends. Host of the students thought that mapping 

is neither d1fficult nor a waste of time. For more details see 

Table 8. 

In answers to an openended question that students indicated, 

C.M. were a suitable way to study the following subjects: 

Microbiology, biology, social science, sciences. And to the 

question "to what ways do you think maps can be of help," 55% 

answered that it is very useful in organizing learning materials, 

16% thought it might be helpful sometimes, 21% stated that mapping 

is a pleasant activity but not useful, and 8% thought it was not 

useful at all (Table 8). 

Students' comments about working with C.H. revealed substantial 

variability in their attitudes. For example one of the students 

even though her maps were excellent, stated: "I think preparing 

maps is a waste of time, I would rather get prepared ones." Another 

good mapper said: "preparing maps help me remember learning 

materials, but it isn't fun studying in this way." Several students 

thought that: "Mapping is difficult or a total waste of time." 

Another student on the other hand felt that, "mapping made learning 

more exciting." And still another said "maps are very helpful." 

Some students stated that their attitude toward mapping changed with 

experience. First they thought mapping is just some extra 

unnecessary work, but later with more experience they had come to 

realize that maps are very helpful. 

The experience C.M. had some additional effects. There are 

some students who prepared maps on subjects other than biology. 

Others who voluntarily prepared maps in the microbiology course, 

even when other ways of summarizing had been suggested. 

One student who suffers cerebral damages, and has some motoric 

and learning difficulties, found mapping extremely beneficial. 

Some culturally deprived students, found working with maps 

helpful and rewarding, 

Some of the teachers who worked with us started planning their 

own classroom instructions with the help of maps not only in 

microbiology but in other biological subjects, like ecology and 

genetics as well (see Exhibit 7), 

In classrooms where teachers were favorable toward mapping, 

their attitude was reflected in the quality of maps drawn by their 

students, as well as their attitude. The attitude of students of 

two such teachers compared with the whole population of mappers, 

show higher scoring on most items (see Table 7), 

Those teachers also stated that C.M. were an excellent tool for 

them to discover misconceptions of their students. 

Attitudes toward the learning program 

Almost 70% of the students thought the materials were very 

clearly organized and constituted an excellent way to study 

microbiology. 

DISCUSSION AND CONCLUSION 

Organizing a learning program hierarchically according to 

Ausubel's and Novak's theory, and using concept maps as a main 

device, was very well received by students and teachers. It was 

also a very rewarding experience. The program was found helpful in 

improving some learning difficulties revealed in matriculation 

results, as well as in our pretests, as shown in some of the 

examples we gave. 

The topic and concept in which learning difficulties and 

misconceptions were identified, were specially treated in the 

development of the program. We tried to reveal possible sources for 

their occurrence and to treat them accordingly, e.g. students' 



belief that microorganisms are harmful, probably originates from 

everyday experience with microorganisms, and their related medical 

aspects. This assumption is based mainly on the pretest answers. 

This subject was carefully treated by planning the text with a 

"master map." The rather well progress students made on the 

questions related to these problems, compared with pretests and 

"comparison" group, might be due to the organization of this topic 

in the program. 

Another source for difficulties we recognized might be the 

content and organization of textbooks. For example based on the 

examination of biology textbooks and discussions with teachers, it 

seems that the essential living conditions are usually not 

explicitly explained. That might explain the difficulties found in 

the understanding of the need for water and other life necessities, 

this is probably the source for lack of understanding of biological 

principles of food preservation. 

The relatively small progress students made in this area, might 

be a result of too little emphasis put on this topic by teachers. 

This was reflected in teachers' written reports and in discussions, 

where they stated that students know already these "simple" topics, 

and there is no special need to restudy it. 

The misconceptions regarding the nature of concepts like 

"antibody," "antibiotics" or "how is the resistance against 

antibiotic developed? and its medical importance," were very 

consistent through matriculation results for several years, as well 

as in our pretests. Posttest and final maps showed improvement on 

those topics, although less than we had hoped for, 

The confused answers to the question "What is the medical 

importance of bacteria developing resistance against antibiotic," ae 

similar to results obtained by Brumby (1984), on the problem of 

"national selection caused by antibiotics." Brumby also found that 

students confuse antibiotic with antibody. Answers of the type 

"bacteria develop antibodies against antibiotic" seem to be of an 

intuitive nature and common among many students all over, These 

kinds of problems are probably hard to change, as shown in our 

results. Maybe teachers have to get better instructions, to focus 

their attentions to those problems, which seems to be consistent 

even after instructions. 

Based on our experience we think mapping has a great potential 

for planning and developing learning programs as was exercised in 

developing the program in microbiology. It also served as a 

planning device for some of the teachers who were introduced to 

maps, and found them helpful. 

C.H. also served as one of the means for discovering 

misconceptions for the researchers, as well as for teachers. As for 

students work, there are indications, that many of them recognized 

the value of mapping for knowledge organization, concept 

understanding and hierarchy, even though not many thought that C.H. 

is a pleasant occupation. The results of the attitude questionnaire 

are similar to those of Arnaudin et al (1984), Since we have 

indications that teachers influence on their students' attitude 

toward C.H., and their map quality as well. It might be rewarding to 

train more teachers for a longer period of time, so that more 

teachers can explore the possibilities of an additional learning 

device, and learn more about their potential and possible uses, for 

themselves and their students, as one of the ways to improve 

meaningful learning, 
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Table 4: The distribution of Jtudents' answers to pretest and posttest questions about general 
principles, 

Pretest Post test 
open ended type of no. of com par- no. of compar-
question answer uppers .. p. 1s:on total mappers maps is_:on total 

I 

n·l57 n·23 n•l6 •·196 •·233 •·69 n•41 n•343 

taportance 
of micro- complete 19 0 0 IS 53 48 34 so 
organisaa partial 45 60 19 44 42 44 49 42 
in nature vrong 36 48 81 41 6 9 17 8 

n•l55 n•l9 n•23 n·228 n-67 n-334 

Importance 
of micro- complete 0 0 0 0 46 34 3 39 
orpni- partial 37 16 1J 31 37 52 85 46 
for •en vrong 63 84 87 69 17 13 13 IS 

n·206 n-32 n•3l n·269 n•236 n•64 n•47 n•347 

If possible c011plete 22 9 0 18 65 58 26 59 
would partial 46 47 58 48 26 36 49 31 
eli.tnate God'a 
micro- creation 3 3 7 3 - - 2 0.3 
orgaai- wrona 27 41 36 32 9 6 23 10 

Bioloaieal principles of food preHrvation 

n•203 n-48 11•35 •·280 •·236 •·45 n•24 .. 30s 

coeplete 2 13 0 3 41 22 29 37 
dryins partial 28 13 9 23 38 31 21 36 

vroaa "JI 1-5 ql ~s 21 41 50 n 
n•179 n•51 n-30 n•260 n•2l •·37 •·16 •·263 

c011plete 18 8 7 15 51 62 44 52 
salti"'l partial 35 24 33 33 30 30 31 30 

vrona 46 67 60 52 19 8 25 18 

•·255 •·57 n•43 n•325 n•226 n•49 n•32 n•307 

c011plete It> 10 14 14 31 18 19 28 
Free .zing partial 11 4 12 10 17 25 12 18 

vrona 73 86 74 76 51 57 69 54 

n•233 n-48 •·33 n•314 •·234 •·52 •·32 n•318 

c011plete 13 0 0 10 41 52 28 42 
Paaturizina partial 52 21 33 45 51 33 47 48 

vro"'l 35 79 67 45 8 IS 25 10 

•For anawra e~plea see tezt 

Table 5: The distribution of answers to specific concepts, pretest and post-test results 

Pretest I Post test 
type of no compar- I no -- COIIpar-

concept answer mappers 111aps is oN I total mappers 11111ps iso~ total 

n•230 n-54 n•45 •·385 n-217 n•94 n•36 n-347 

complete 8 4 2 7 49 42 6 43 
partial 

antibody right 31 35 31 38 37 38 31 31 
partial 
wrong 37 37 20 35 12 12 so 21 
wrong 24 30 47 26 I 7 14 6 

•·191 n•S7 n•44 na337 n-209 n•91 n•JS n-362 

complete 2 z 7 3 58 41 9 48 
partial 
right 4 0 2 ) 12 7 20 11 

anti- partial 
biotics wrong 56 53 46 53 14 32 49 23 

wrong 14 14 5 13 5 6 6 5 
confused 
with 
antibody 24 37 41 28 10 15 17 12 

•For answers e:1amples see text 

Table 6: Distribution of multiple choice answers, pretest and posttest questions 

Pretest Post test 
no compar- no co. par-

mappers maps iSO",IIj total 10appers maps iSQol total 

How does antibiotics 
effect bacteria? 
Choice of answers: n•248 n-66 •·52 n•366 n-245 n•7J n•55 n•373 

I. pH change 7 6 11 7 1 6 6 2 
2. disturbing bacteria 

metabolism 16 4 17 14 72 73 55 70 
3. osmotic chanye 12 10 10 II 17 6 7 13 
4, helps antibodiea 66 81 62 68 10 16 33 15 

Why is resistance to 
antibiotics a aedic.al 
problN.? A.nsvera: n·254 n•68 n•49 n•37l n•248 n-68 •·55 n-371 

1. bacteria develope 
antibodies 32 31 27 31 12 26 29 17 

2. hu.an develops 
resistance 21 25 25 22 9 9 20 11 

3. resistant bacteria 
can multiply 
undisturbed 21 16 12 19 62 47 26 54 

4, people dnelop 
aide effects 26 28 37 28 17 26 19 

*Encircled are the correct anavera 



Table 7: Attitudes toward work with ups compared to other learning 
Hthods. Distribution of answers (n•2l8) 

Type or acthity studying organizing organizing 
ans'lol'ering scientific kno'lf'ledge knowledge 

Activitie.s helps in: questions paper in tables in C.H. 
1 2 3 1 2 I 2 3 I 2 

Raising school IDarks in 
biology 22 40 38 38 29 24 32 39 30 40 34 26 

Understand ina concepts 
learned 21 39 41 29 38 33 25 40 34 29 30 41 

Understanding concepts' 
hierarchy 42 )8 42 32 39 29 22 39 40 31 26 43 

Underatandina how concepts 
are linked together 39 40 21 32 44 ~4 15 39 45 19 19 62 

Concentrating in •in 
subjects 31 36 33 22 39 39 24 36 40 32 24 33 

( 1 • disagree, 2 • not certein, ~3 • strongly agree) 

Table 8: Attitudes tO'Iiard concept maps, co11parison of "mappers" population 
("all aappers") to t~~to classrooms W"here teacher specially favored maps ("teacher 
aappers") distribution of answers. 

All mappers "teacher 11Bppers" 
n•263 n • 62 

not agree not agree 
Attitudes toward C.H. disagree certain strongly disagr~e certain strongly 

I. C.H. is a good -Y to 
study biology 

2. I intend to study other 
subject lUtter with the 
help of C.H. 

J. It'a difficult to 
prepare C .H. 

4. Happing ia a vaate of ti-

5. Mapa reflect •Y knowledge 
in certaia subjects 

6. C.H. help arrange 
concepts ••ain.gfully 

7. C.H. help d111Co'fer 
concepts aot understood 
very well 

8. I would like •r teachers 
to prepare C.H. in claa!l 

9. It '• pleeNnt to prepare 
C.H. 

10. I like dlscuoolng C.H. 
with frtende 

45 

40 

46 

16 

w 

)8 

38 

53 

69 

a. Ia vhat •ubject~ do you think 
C.H. could be helpful (n•l78) 

b. C.H. ere aa heuristic de'rice 
suitable for knowledge orgaaiu.ttoa 
(n-95) 

47 31 16 36 48 

48 42 53 

47 13 62 28 10 

37 17 59 32 10 

45 39 15 40 45 

36 44 16 29 55 

43 19 32 54 14 

43 19 24 54 22 

39 43 46 II 

26 59 )8 

none Microbiology Biology Sc.teace S.Scl. 
26 II 30 

diNir•• 
II 

nice but 
not helpful 

21 

21 II 

110e1t1Me 
helpful 

16 

"err 
bolpful 

55 

includes include• 

TABLES 

Exhibit 1: A concept .. p representins the over•ll idee of the .tcrobiolosy course 
we destaned. 

~ 
.. , occur aala result of 

~ 
atsht happea aa a result of 

Exhibit 2: C.H. represented ia pilot uait, aw..ariziaa seaeral 
ideas of the uait. 
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could be 

examples 

Exhibit 3: C.M. represented in pilot unit showing possible material 
that might have triggered the new disease described. The map 
summarizes a single paragraph. 

These kinds of maps (Exhibits 2 and 3) were later eliminated from 

the learning materials. 

Exhibit 4: Student's C.M 11th grade- summarizing the ideas of the 
first unit designed in the summative stage. ~ery similar to our 
master map while preparing the unit. 

~ 
I 

~~ mainly 
I --------

~LL CELLS 
~RO & EUCARYOTE ~ in all" 

. --- -1 / ' 
~ 

I 

Exhibit 5: Students' C.M. (lOth grade) (shortened for the purpose 
of this paper), summarizing ideas about main functions of cells. 
Circled (with broken line) are ideas added by the student the concept 
list supplied. 

-- - --
Exhibit 6: C.H. prepared by lOth grade students, reveals 
difficulties with Koch's postulates, and lack of proposition between 
immune reaction and disease prevention. (Broken line indicated 
misconceptions; notice, no connection is drawn between antibody formation 
and prevention of disease.) 



" roducers" 
among them are \ 

~~ I e.g.~ 
~~ ULPHUR 
~ ACI'ER 

Exhibit 7: Teacher's outlines for an ecology class dealing with 
producers and consumers, as a consequence of the work with our 
program 

APPENDIX 

Microbiology course "Chapters in Microbiology" units titles at the 
different stags of development. 

Pilot stage- one unit entitled: "Legionnaire's Disease -the story 
of a new disease." 

Formative stage - five units entitled: 
a. Classification and identification of bacteria 
b. Procaryotic cells compared with Eucaryotic ones 
c. Growth and development of bacteria 
d. Bacteria and disease 
e. "New Disease" 
Each unit has a basic "core" and one or two "elective" parts 

Summative stage·- eight units entitled: 
Preface: What are concept maps? How to work with them? 
A. The world of microorganisms 
B. How are microorganisms classified? 
C. Characteristics of bacteria 
D. Bacteria Growth 
E. Microorganisms and the human body 
F. Viruses 
G. Prevention and treatment of diseases 
H. "New" disease 
Glossary 
Each unit includes a basic "core" and one or more "elective" parts. 
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Misconceptions. Confllct and Discusslon Ln the Teachlns 
of Graphical Interpretation 

Alan Bell, Card Brekke and Malcolm Swan 
Shell Centre for Mathematical Education, Univ.rsity of Nottingham* 

Diagnostic Teaching 
Graphical Interpretation - Aspects of Understanding 
Graphical Interpretation - Teaching Styl~s and Their Effects 

OlAGNOSTlC TEACHING 

For the past five years we have been working with a group of collea,ues 

(Malcolm Swan. Christine Shiu. Brian Greer. Kathy Pratt, and Barr)' Onslow) 

at ways of teaching which take more fully into account how people come to 

under&tan~ some basic =athe=atica! ideas. We have been conduc:!ng 

conversation•, interviews and tests ~ith student5 1 looking carefully at 

their miatakes and using these to help us to unQers:and the ways of 

thinking that lie behind them. Then ~e have been devising an~ trying out 

teaching ideas and method• aimed at overcocin£ par:icular misconceptions, 

and testing some time afterwards to see ho~ sut:cessful ~e have been. We 

have come to call this process dia~os:ic teacr.inc, and ~e think that ~t 

can form a useful addition to the set of teachln~ methods "''hich ~e normally 

uae: its key point conai&tl of posing critical problema ~hich promote 

conflictinJ interpretation&, and lead to reaolution throu~h discussion. 

Initially ve concentrated on a fe-w known problem areas of the curriculum -

directed n~bera, deci .. l place-value, choice of operation ~ith deci.-1 

nu•bers, algebra - but aubaequently collea~e& have been applyinJ the same 

principle• and .. thods to a variety of other curriculum topic& including 

Jraphical interpretation, ahape and place-value with primary childrent 

probability with aixth-formera. Other outcomea of the work have included 

aome ne-w insight& into atudenta' understanding in each of these fields; but 

alao aeveral kind& of claaaroom-taak have emerged as particularly helpful 

in generatins the conflict and diacu1sion needed to promote learninR• 

Kakinl up queationa, ' .. rking homework' (uaing a real piece of hoaework or 

a apecially constructed one), filling in tables, and James have all proved 

u•eful, and waya of co•bining group and whole-claas discussion have been 

erplored. A full su•m.ry report nf the research i& available from the 

Sholl Centre (Oiornoacic Teaching, price l2.~0). 

II GRAPHIC~ l~TERPRLTh:Io~ 

The Jraphical work included in most traditional syllabuaes is iDappro~riate 

and inadequate, often conaistin~ mainly of plotting the gra~h& of ai•ple 

alJebraic functions and readin~ off points of inter&ection. But by far the 

~reatest uae af Jrapha outs:de the m.the .. tic& clasaroom is to display the 

features of some situation or process in a way effective for co.aunication. 

txamplea are ~raph& of trends in in!lation or in houae price•, of the rate 

of decay of radioactlvity, of the distribution of expenditure in different" 

cateJories by a rating authority. What needs to be learnt is how to read 

and interpret such graphs; thls includes not only point-reading and 

identifyin' max1ma, but alao global comparisons and, in particular, 

awareness of gradients and of the basic types of function, linear, aquarr

law, exponential, and so on. These aapects of underatanding were 

re&earched by Janvier (1978), and continued development by Kalcol• Swan ha& 

led to the production of the Shell/JHB teaching and examination module, th• 

Language of Function& and Graphs. Thi& section il baaed on soM 

experimental ~ark during the trial atages of this material; all third• 

year mathematics sets in a comprehensive school worked with the same unit 

from this material, ~ith their usual teachers~ and took a dia,nostic teat 

before and afteNards. Comparison& were m.ade, based on teat relults and on 

the ob1ervation of the claases, (a) of the way in which the .-terial was 

used by a hiJh and low ability aet and their teachers~ aod (b) of the 

contrastinJ approaches to the m.aterial of t~o different teachers o! 

parallel cUddle-ability aets. This section vill ~iscuss aspects of the 

students' Jraphical understanding shown in the diagnostic test; for the two 

cocparative studies, &ee Brekke (1987). 

Gene~al Dif!iculties Observed 

(1) One ,roup of di!ficultie& is the distraction that a rraoh 11 a 

picture of a situation. OvercoaUng this difficulty is partly 

dependent on the ability to experience relat1onships between two 

variables represented by a cartesian rraph~ 

(ii) Pupils are usually we1i acquainted uit:h 'bar charts' and other kincis 

of freQuency ~:-aph. These graph& often only consider one continuous 

\'ariable {!requenc:v), the other axis bein' used to she~ even 

completely independent ite•s· It i1 then a bi~ atep further to 

realise that Jraphs can alao ahow the relationshi~ bet~•en two 

variables. 



(iii) A third JrDUp of difficulties involves chooainr between rvoes of 

variation - linaar/curved etc. Even when a student recognises that 1 

function is increaling it is often difficult for her to aee vhat kind 

of variation fa takin~~: place and to relate this to the ll'raph. Should 

the graph br straight or curved. and, if the latter, should the curv~ 

be concave or convex? TI-.is is seen here in connection with variable• 

in specific situations eg, speed-tlme. distance-time. sales. 

{iv) A category close to (iii) consists of the difficulties in 

(v) 

inte:-oretin£ Fradients and intervals. 

Some of the difficulties the pupils have are not only directly linked 

to difficulties in making the translation between l(raphs and 

situations or verbal descriptions, but are more generally dependent 

on pupils' ability to Five relational responses. Some pupils 

concentrate on one factor of the relevant data. and exclude the 

coordination with other factors. We will refer to this problem as 

~· Fixation is not a separate category !rom those described 

above; for example, some pupils have probleu Keeping all relevant 

!actors in working memory when they have to sketch a complex graph 

from a given situation and tend to concentrate on one or a few. 

There is also the fixation on only one variable when a relationship 

between tvo should have been considered. 

E-xa~les from the Test 

1) THE GRAPH/PICTURE DlS!RAC'l'ION 

!his kind of misconception iS extreoely cocoon. It accounts for a large 

proportion of errors on its awn, more than half o! the pupils are a!fected 

by it. and it iS also involved 1.1ith errors that can be traced back to 

f ixltion. 

The following question is oes1~ned to expost! ':~ls r:.1.sconcep:ion 

,_,_,._ 

The picture miaconception il illu1r:rated by the Collo"'•ing answers. 

!b.lz ruJ,. u.:e I ;:xi ~ .. ", ... _,........tj -
0 t ,eo, c:::;:,e, 0 \.,', 11 C'V"d ~ wi.ao 
!"=>Per 9'"~ m u.n .....,., iJr.: • ·= '*''"'~*""· 
:;o !boo ~.y'..c:n 'me. O:vnc 0:..4)''1 M+ I 

bod "" 
oxno do\.C>o 0 

hoa=>e,.od· 

Some- pupils milinterpret the ll'raph a& a e~ap of a road. 

'-"~"~" -c .......... ~c'-- b-+~""d , ,.JoS 
....,.. ce s-.c •cO?Ik N=' :::::....- s,.._....., .... 
-t;sbot"'···>' ~'"\CO - . ...!....p-.. ~ 0"'\c.:.... 

ln Going to School (see page 37 below) the picture £isconception also plavs 

a part. 11: @'ave an answer like H.and)' to part (d). 

Ca•' • 
spe•ci 

(n:?i-,) 

j~ ~, l 
Jt.: 

i 
.~----------------------~------. . 

Di 5':a.n ::e :roll: Pe~e:-' s ho::1e (r:i l e.s) 

34 

!"Landy i5 giving 1 picture o! the road froa:: Jane•s to Peter'! hous••, "'·ith 

the hllt'hest point corrt=liponding to maximum speed 30 mph. Thert! il no 

connection between the distance given in the up and the distanc:e on the 

,rap h. 

11) DlHlCUUlES lNVOI.I'lNG THE RELATIONSHIP BET\I!:EN T\10 VARIABLES 

Anawer& to other que1tions indicate that the experience theae pupils have 

had with l(r.lphs is dominated by block graphs and other pictorial 

repreeentations of numerical infor~tion; 5b: @'ave anaw.rs that indicate 

thi&. They are capable of plotting points on 1 tlrteaian lt'rid and readinJ 

off points from I (raph where the ICale il i'iven. 5uJar Price I shows that 

the probln of lookiDI at one variable at a t1• i1 not very difficult• 
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48 SUG.\1 Pl.lC!:S 

C:..ot 
(J:t&~c.a) 

(&) 

A • 

r . 

a.e.:.r:,: 
(lb) 

. ! 

c: ~· p .._ 

.... - I ep• 

• D 

c.. \lhich point (or point & ) represent 1 

the he•vielt p•cket(l)? 

d. Which point (or point I) represent& 
pac:ket(s) that cost least! 

.. \lhich point& represent tho &aile 

weight of su'a r? 

g. \lhich of r 0~ c would g"i VI! the 
be&t value !or mon~y'? 
How COD you tell? 

h. \/hi ch of ! or c would rive the 
best value? 

1. \lhich two packet& would rive the 
same value for money? 
HD'Io• can you tell? 

' ... ,., ;tp !mcY ' « e<t 

(h) ..... ·-
{1) 30 ··- = "c 

. ' .. ....., 

SoM pupila look at difference& when they an&wer (i), -a confusion between 

rate of chan11e and amount of chanJle: 

Tony: 

The •oat coamon wrong answer to (i) is A and C .. 

Paulo: 

~J.....s: s== 
_.....,. ~G'lf..J.-., 

~e alao find similar probleas in Going to Schoola These aueation£ are 

harder because the pupil hal to con&ider the two variables where the len,th 

il Jiven on a up, aDd the time taken to travel 11 Jiven by hm.• they 

travelleC.. ln each of the que&tiona they have to adopt a kinG o! 

proportional reaaoniD.B• ln (b) and (c) the t::aoh fro~:: (a) has to be used 

to !inC the rela:iona~ip. 

)o&••""'hl 

Jant. Granam. S."'an. Plull.tU:I Peter aU lFa.,.l tD ICI'IGOI IICHII Ulcl.lmc mullrr'!' 
ro&e cwt1"'t motn•nc Puc~ fCK"ltn ftli G&o::l 'a~. JI.M ~Ill llAC i...._n •aiU 
'71'\t otnc~ r-oo C':'IUCrtn <o&rv ror.o• tnc .. 11'11•11 fi"Dm c.av to CUI)' 7hc NP 100...: 

lno•l wncu: cacl'l oc!"'In 11•a 

ihc foiiOwln&lnDn ODCT'1DCI &a.c:t ~~~·, ""'"'~'"" mtcnooi \&l.t MoMUw. 

'i ....... 
-·I ··-

1) La or: ucr: po1nt Ol"l lnt rra;on ••th tM Uf!".c oi U'lt ;rcnon 11 ~~rne~:.s 

b) rio• a,e Pa~o~1 aru: Gran& I':'". :nwor:tto l>C:'IO(l! or. ~tone.•,.~ ---~-

26% can label all point& correctly (part a) 

19: are looking at juot the len,th ol tho journey, not :akin~ into account 

tne way they are travellinga 

12: are lookin' at the speed with which they are travelling, puttin' Peter 

nearest to the vertical axes, Jane in the middle an~ 5usan spenCin~ the 

]on~est :i~e tr~vel!in&, because she is. ~alkin~. 

leave out this auestion anC 30~ ~~ve other ~~on~ answrs. 

(b) 

(c) 

Both Ki• and Cathy use just ti•e taken to decide how they travelled to 

school.. tiarianne lookl at the di1tance5 



(b) 
(c) 

(iii) SIW'E OF !HE GRAPH- SlCNIFICANCE OF S!R.AICR! ~~~[ V!RSUS VARIOUS 

CURVES 

In Going to School and Coach Party the pupils are a1~ed to sketch frapha 

froa: given situation, and in the latter question the~· are also asked to 

explain the shape of the graph. 

H.any pupils aketch the graph 11 consisting of ctraiJh: line IIE-'I!Ient&. 

!hose who interpret rraphs in • point-wise fa&hion lrl' eapecially 

vulnerable to these kinda of errors: plotting a few po!ntl and joining :he~t 

up by line se,:ments. 28% ahow auch graph& in Going to School. 

c ... :-'.: 
!;.~II.!'I:L. 

~=?:.) 

:1 I\ -- lfl\--. . 11. 
"] l Y I I Y I 
~~--~--~~--~--~ 

So~ pupils only focus on the drop in speed at a bene anC i,no~e the Jlobal 

increase in the car'a speed; 

~: 

10 

. 
lb.•....,.• tftlll h1.r.-•s ._ 4&~.~u) 

Si•ilar errors are •de in Coach Party. 

Coach Part• 

A coach hire firm offers to loan a luRry coach for £120 per day. The 

1
organ1aer of the trip decides to charge every m~ber of the party an equal 

I a.ount for the ride .. 
I 

a) Sketch a graph to show how the price of each ticket ~111 vary vith the 

si~e of the part•. 

b) Write down a full explanation for the shape of your Jraph. 

ln (a) 36% sketch graphl that are decreasing, either as various curve1 

(8:), strai~ht lin• ll( .. nts (!2:), 1 few points plottod (11:) or 

histograM (5:); 28% leave out this queltion. Question (b) ia omitted by 

35%, the highest ••ount in the test. 37: give answera that clearly show 

that the~ realise that the graph ha& to be decrea1in,, but most of them are 

satiafied With explanations that point out that ":he more people that Jo, 

the leiS each ha& to play". Only ::: gave correct explanations of how the 

,-raph is decreasing. 

... ,_ ., ....... , 

...__,. ., ~ .. ·- .. "" 
(iv) n'TERPilETATIONS OF GRADin'TS AND n'TERVALS 

Pupil1 find the ideas of 1radients and intervals difficult, •ee lerslake in 

Hart (1981), but from what ve have found in this test, not harGer than 

other s;lobal features of the interpretation graphs. 

As far 11 the graph can be interpreted 11 a "apeec!-time" Jraph • !air 

number of pupil• are familiar vith the idea of haw to shaw a chanJina 

Jradient. &ut the anavera to Coach Party shaw that it is .uch •or• 

difficult to u1e the idea of Jradient in this case. ":t.ia uy be because 

the aituation is ~ivtD, or it .. y be that the Jraph no 1on1er refera to any 

on1oin1 proceas. Here, each point repreaentl one of a aet o! 

po••.S:b~i.l.!.tiea. vhich il a diltinctly •ore abstract idea .. 
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(v) FlXATlOii • ArrtNTlON DRAIIN TCAIARDS 0~'[ fACTOR Of RilEVANr :~FOP.w.Ar:o~. 

EXCLUSION or OTHER 

So .. of [he errors .entioned in (!ii) can be eJtplaineC by the comp:ex!:y o! 

the problem. ln Going to School several factor& have to be cor.sidere~ ~hen 

_o_n.• 1r•ph il sKetched. To l'•t a correct 1raph sh"'-·ini; a!l :he ~nfcraat!on 

liven. most of the pupils will probably n~ed to do re!inement& of :he 

1raph. A refineaent ~ill often occur when a ~raph il !irat ske:cheC, ar.~ 

thia sketch ia compared with the original &it~ation. 

sketch grdph back into the situation cont~xt. 

lli TEACHlNG STYLES AHD THElR EFFECTS 

by interpretinE.: one's 

Our l.aat section descr!.be.:i :he re1ul:s o! a :est o! ;:aphica: 

undarJtandiDI• !he te.aching uterial in the Shell Centre 'red box'. ':'he 

L..aorua1e of functionl and Graphs, was developed 1:1 response to the aspects 

of uoderstand!og and of conceptual dif!icuty shovn in that test ~aterial. 

lo this aection ve ahall de•cribe an experiment in wnich 1ome of the 

.. terial val u•ed vith all eif.'ht third year classes in Ha)"\\ood 

Coaprehenaive School, Nottingham, With observations being m.de of dif!e:ent 

approach•• iD di!!erent clasaes, and their effects. 

ASP!:C!S Or c;RAPHICll U!(DERS!AJIDlNG 

The aapectl of dif!iculty illuatrated in the above section fell under five 

headinll• Theee vere; (i) The llisconception that a graph is a picture of 

the aituatioo; (ii) The avareneaa that a graph diaplays 1 relationahio 

~ ~ variables, and il thus IMHe saphilticated than th~ be: cRart 

vhich usu.lly displays the quantity of each of a number of separate factors 

or iteu; (iii) i.ecognising the relation bet'l.leen ~on :ne g:-aph, 

straight line segments and ~ and the correapoa.~~:lg kind& of 

relationlhi;> is another aspect of graph-reading skil!. The respon1e1 to 

Going to School in the last article showed 1 number of cases 'lJhere the 

speed/tiM graph of the journey vas sic.etched as a :1g-zag of line'"""Segmen:s 

rather chan a smooth curve. (iv) The re.adi:lg of d.i.fferences or intervals 

from the graph alec presents dif!iculties. The grapn for MDtorva~ Journey, 

showiog the amount of petrol in a car's tanK during a long jou:-:t.ey 

involV:.ng two !ill-ups, showe.:i di!~iculties in d.isti:1guishing :~e amoun: 

~ or ~ from the f ioal a~:~ount i!"' t:u :ank., and t!le deve4.opcent o! 

reading th!s difference direc:ly from :he grid rather than reier~!ng ?o~nts 

back to the axes and aubtracting .. Also involved lS (v) the a~i::.:y to 

coorCinate :!'l.e infonDation rela:ing to :..,o var~a!:Jles and the :.wo axes. 

faulty conclusions often s:em !rom at:ention to one var:able on:v. 

DESICN or THE TEACHINC IIAThRL\l. 

The five le1aoa bookleta of Unit A cover theae points. but not in a one-to

one faahion. looklet Al, Interpreting Points, contain& five aituationa 

involvtn& coordinating data. Bua Stop Queue (illuatration)shows :Ieven 

people of varying •••• and heighta, and a graph in which each 11 

repreeented by a point. 

"··--···,_,.~--t" ____ _ 
···~-·"·-..o-•,..-

...... __. .. _ ..... ----.-..~· 

:• 

"''I ,. 

=======-= 

The talk is to identify each person vith the appropriate point. 

Intentionally, the scale of height is horizontal~ and that of age vertical, 

ao that the natural tendency to a11ume that a high point corresponds to a 

tall ~erson has to be resisted in favour of a more careful consideration o! 

vhich dimeosion oo the graph relates to which vartable. So here one aspect 

of the 'picture• misconceptioo comes into play, but the main problem is one 

of coordinating the items of information. 

Booklet A2 is entitled Are Graphs Just Pictures starts \ol'ith the 

problem illustrated here, where tht graph of the speed o! t~e ball has to 

be sKetched, and. this shape is strongly counter-intuitive since it is ~te 

reverse of the shape o~ the path of the ball shown in the plcture. 
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Roller Coaater ia a similar example in which the sha?e .of :he track and 

that of the ep.ed-diltance graph conflict. ln Which Sport? a speed/time 

graph lookinl so•evhat like • fishing ~od and line is ~resented, and the 

talk ia to decide vh.ich of a n~.mber of listed sports (fishing. sky diving, 

pole vaul:ing, drag racing etc.) it represent&. :his unit is the one !or 

which the obaervations of :.wo 1110dea of teaching are preaented be:ow. 

Booklet AJ !s SKetching Graphs !roa Words. 7he s!tuations here contain a 

varietY ot :ypes of function~ l::1 soiH cases the tasK is to sltetc~ t!le 

greph, in others, sets of situ1t1ons and of graphs are given, which ~ave to 

be matched correctly oc11 to one~ Examples are Strawber:--y Pieking (t::.cte :o 

finish/numbe: of people employed), Balloon (diameter/time as air is slowly 

releaaed), P..ace (t!~e/leng::h of race). 

• Cu"'O"'«' orour r•~'~~ •"1'1 thow dr.•n.,.. ·-· ._.,. .. l!o..,.... 
1 I~ ID Cmtw: tO- II'I'U'"'-'" ""t 1 ~ft"' "Pf,..., 

• Vw"ntr ..,. .. , .. uptaru•- of"""-"- ,.,.,..r.J 11 .. _ -··u 
lnJIInor\lllf l"'"'"lllrlnJir-IOIIII'Itt'tOIW"'I•-

- '"u•ld tl'lr tt11rl'l do...,r u,.._I,Cfol ,.. "'""" Go•••~"" ~ 
'41'1\ ~ 

- lhi"'ttldtlilr~"'rl"'''rf'ltlmt',.._lt\~ 

_,..,_,.IUI"'r,,.,..._t:lt...,ll~'·ll.,.• ,...,,,. 
u .............. . 

Some of these ez•mplel (eg the !irst and third he:e) pr~aeat • higher leve1 

of abstraction iD that the graph is in no aen•e a picture of a train of 

events in time, but a .!.!!, .2f oots!bili::!es. !ach ~oint represents one o! 

all the poeaible situations. In this set the :~verse proportion type of 

graph alao eppears. where the graph approechel the axes as71DPtotically. Wt 

doel not meet them; this is another point which needs a serious discussion. 

Booklet A4, Sketc:hinl Craphs from Pictures, is eseenti•lly a more advanced 

version of A2. It includes The being C~r problea, vhere a given speed

:i~ greph hal to be matched Vith :he correct one of a set of possible 

tracka. (Thie proble• vae origin.ally developed by Claude Janvier). 

H",. dl1 ~nu thtftk the 'PIIrd ,.; .. fK1"' Ul 

t~odl wU\ n !I IU\~k ('IP'I ll'lt: t~ ...,. 
.. fOUP'ItJ rKh nl I ftC' IPI'~~ ClfCUI4" dn•" 

""...,._'IS • ~Utllfl. ""'"'I 
;, '· '·· . . 

' 
ltf\VII I f lfCUII; ( '"'"': 

Esrla•., ""'" I'",. tt '" ••eft ~ ..... n ,.. ,.""'~ 
a"IJ ,.,,n ~ o;kctc-PI ,r:~twt S.tatr 'lc•'h :1"' 
l<i\Uiftl"f•""' lhll1oUU lftlllt 

(l•lftf':IIU' ,·nut rnr.,~ Oi.lfl'l ,,_11\t' rfl~rd .. , 

lUUf "Ctt:l'lhnur' Tn tn rt't'IGYU '"rt'C' r•:of"l'>~ 

•"ICh wnu aila,f~C arc cMTr'l 
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Booklet A.5 cOIICIMlll 1radi1Dtl aU 11 devoted to tne one situation, F!!li:&g 

lottlea. The c.hi•f taak. ia to Mtc:h a set of bottles Vith a set o£ graphs, 

repeaenting the height of water 111iD1t voiu•e or aga~~st tice, lZ ~• 

iS~gine vater pouring in at a tonataat rate. Part o£ t~is tas~ ~' 

illuatrated .. 

--· , ................. - ... -· _ .......... _ ........ .. 
~-·--·--- ... .... .._....___, ... __ 
,.......,. ... ____ _ 
,.,~ ..... -..... ~ .. - .. ,........, ......... _ ... c..,.. .... ,,.,..,_. ______ -............ _ ..... _... ... ......... ,. .... .r ,_ 

I!/·: .. _ uuu 
.-; ..... X A " 

'"'"'"' __ ,,_....,C}~D _
1 

I ' ~I ' 
uc u ~./-~/. 

n .... ,,. , • 
J 

In relation to the five aapects of di!!iculty mentioned abovel Booklets A.: 
and A.J focua on the Pictura miaconcept.ion, AJ and A~ involve the 

diatinctio-a between atraight lines and curved grapns; Al !ocuaes 

apecifically on coordinating information oa tva variables. But all !nvolve 

aome desree of reaiatance to the Picture tendeney and some .:oord!.~aticn o: 

aeveral itiJU of info["mm.tion. The reading of differences and inte!'vals 

does not reteive specific attention in these units. 

METHODS OF TU.CHINC WITH THE !!ArERlAL 

The uterials in the .t..agua1e of Functions and Graph& are: wr:.:ten w!:~ the 

objective of provokinl refonDUlation of children's ideas oi graphs. :ho 

uterial foauea on the known errors or misconception• b~ beg1.nning with a 

rich exploratory aituation which conta1n1 a conceptual obstacle. 

queltiona are deliberately posed !n such a ~ay as to al:ow :he errors :o 

tOM to the 1urfac:e. This is done by exploring the taait in pairs or in 

... 11 1 roupa, toaaulting and discuasinl with each othar, and workinE 

towarda 1roup conaenaua. The-a there ia a preaentation of the finding t.o 

other groupa. There tould al1o be a claaa diacuaaion of the findings. 

which 1 ivea yet another opportunity for remai~ing errors or lllisconcept1ons 

to cOM to the aurface ane be reaolved wi:h the participation o! :~e 

The teaching method IUII••ted in the L.anru•l• of fl.lnttions and Crapha il 

baaed 011 research evidence wnich auppoTtl the view that teac:h!.ng styles 

whic:h involve deliberate ext~osure and discussio-a of c:ommon errors with 

children are more effective thaD styles which avoid ex?osing the errors 

(see Bell et al (1985) Diagnoatic Teachi~g. s~an (!98J) ~each!ng Deci=al 

Place Value -a comparative ltudy of Con!lic:t and Posi:!ve Ooly, and Ons:ow 

(1985) OvercotUng conceptual obstacles concern~ng ~ates - design and 

implementation of a diagnostic teaching ~nit)~ 

!he !ive ~orksheets of settion A have been suttess!ully used to initiate 

distusaions of tontepts and errors ....-ith a variety o! classese E.ach 

~orksheet starts with a relatively di!ficult problem to force common 

misconceptions to the s~rface. for different classes, existing concepts 

and au~oncep:ions ~ill be di!!erent, and therefore the aics for the 

diacusaiona will differ too. For the lower ability range some of the 

t•achers expressed a need for aome int.erwediate atag:es, as the probleu 

were too c:omplez; they felt that the group would cope more easily with a 

more zradual move from the concrete situation to the more abstract 

representation of the situation by a graph. 

EXPERIMENTAL DESIGN 

The uteriala were uaed in all eight third year utheu.tic& aet& at Haywood 

School, Nottingham. Theae were tva sets at each of four ability levels. 

The: teachers involved were the normal teachers of the&e claaaes. All 

les&ona at the top two levels. and aome o! the lea1ona in the other sets 

were observed and audiotaped. Tvo lessons were videotaped. 

The teachers were given the worksheets and the teac!'ling notes !rom :he 

Langua1e of Functions and Graphs with no further direction on t~e teachinl 

method• extept for one teacher in Raywood School who vas asKed to teath 

with re!lettive di8cuasione after each exercise.. This teac~er was alao 

aaked to pay attention to the ident!!ication of :dstonceptions, and to 

diatusaions concer~ing: the strategies used and outcomes obta~ned !~ each 

lesaon .. 

Tva sets of comparative obaer""Vation• were m.ade.. One ~as o! t:le use of :~e 

uterial in two classes of ~idely di!!er!ng ab~ty <•e hope :o aescr~~e 

thia later). 7he other, ~hith is the aubject of t~il ar:icle was of the 

variety of waya in which teathers aci.apted the material to su1: their own 

teachinl 1tyle1 a ad of the effect of theae di!!erence:s on pupil's learning .. 

The kinds of style difference: will be illultrated by describing typical 

lesson• by di!ferent teachers with clas&e& at the same abi!ity level. and 

uaiD.I the aa~~e u.terial. 



COHPARISON OF ~SE BY nACHERS ;,;!7~ D!fFERr~7 S7Y:ES 

~ny of tMe teachers ob5f!r-Ved have cocmentec on the di!!erence between 

their usuAl ityle of teach1ng and. that su~;gested in the ~eaching notes .. 

For many teachers it is dif!icult to organise diso.usion so that 

misconceptions are brought to the surface. 1n fac:, some of the teachers 

or~anised their pupils by grouos. but then soent their tice touring the 

cl••• 01 helpinc .. rhe group• iD the usual w.1y, witnout 1ny particular 

e.-ph11ia on expo1in1 .1nd diso,ssing the IIU.Jconceptions. This showed that 

the worksheets and the te•~hlng notes vere not enough to establish t~e new 

atyle. \Je have aubaequently .ltte~ted to IDI!et t!'!i& ;>roblem by developl:tG 

support uterial that thoroughly eJQlaina each step anC ~!.S aim and gives 

ex.111ples from practicet including some videotaped exacples of various 

te•chers in action. We alae explain something of the :!"leoret1cal 

b•~kground for the •thad, and give some examples of comco~ro~tive studies 

bet\leen this method and more directive teaching. 

From preV'lous obaervations we felt th.lt there should a:so be a 

retrosae~t!ve diacu~sion included in t!'le lesaons. !!'le a;.m lS :o !ooK ~.acit 

on the work, being consciou11 of the error& one made and how one worKed •nc 

why. For this re•aon wt asKed one of the teachers ~n :~e las: teac~1ng 

experillltnt to include these actiVlties in his teacn:o.n§ :o see :..:. ::~·as :ec: 

to improveHnts different from thoae of other groups •. U\ot:1er :eac:-.e: !:i 

tho ~chool diverged from tho general potterc in a di!!e"ent way. fie 

believed aaore in rule t••ching. He tried to help the ':lUDil& ln a ,os:.::.ve 

wo~y to uc.derstand the result& in the worklheets by d~:ec":!.ve teachin&, 

eX";Jla!ning the errors they had made •nd the r!ght conc!·.Jsions. :o 

il:us:rate the difference in style we wil! g~ve 2n exacplt :roc the 

:e1ching of two second level group& workiDI oc worksnee: A:. Are CtaDhS 

Just Picture•~ Claas IU had spoent one and !IB t"Wo !essons on ._.orkshee: A! 

before doing this. (Sheets illustrated o~oove ). 

CUSS :!A 

c .--. 
c \ c 

= I ·- ... -
·~ : 

c = = -r-• 
1:0 

Toacner introduce• tne vorkaneet and oraanises tne classrooa (5 minutes) 

Group diSCUIBion• vtch groups of different &1ZIU (53 minutes). tvery group 

worked at itl own pace v!th the problems. ~hen a group c••e up with an 

agreed answer thi• vas not ,reeented to anyone else, there vas no !urther 

discussion oD the problem. Host of the groups came up vi:h a graph of :~e 

speed of the golf boll u: 

!he teacher :oureC t!'le classroom :alking to the different ~roups, asking 

pupils to expla1n ::1ei:' graphs. and when something was wren~ ~· ex~ia;.nec 

why it wal wrong 1nd then gave the right explanation. To group G! which 

g1ve graph as •bove: .. ':'his can not be right becau1t the b•ll then would 

have had its greateat speed at the top 11
• ''The graph INJt ~e !iite this (see 

diagram be1ow) bec•u•e it lt.lrts off With zero speed, then it picks up 

speed because it is hit by the club, as it travels up in tne ai:- it will 

slow dowu, and as it is dropping it wil! ?icit up speecl because o! the 

gravity 11
• All the while. t:'le teacher was tracing tne g:-apn 1.lit!'1 his 

!inger. 

1:" . 0 I \;"J· 

Af"er approximately 20 minutes most of the groups ~ad !i.~isheC t;,e 'gol! 

ball prob!ec'. :he same str:J.cture as above continued t!'l:-oughout t!'!e 

lesson. 
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Wllwdl t.pof1 -a ,.,... • paph hh dnt"' 
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Ftthn•c 
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S•"' Ot•tnJ 
Golf 
Arthll:'n 
Jawchn T1uow111J 
Htth Jul'ftft'l"' 
HtlhD••"'I 
S•uKu:er 
:>tURliCII'I. w.,e, Skuna 

£!!!!. teachial Which sport? (5 lllinutu) 

Teacher d~ev attention to the chan1e of speed in the graph, and a1ked !or 

AD&Will'l• -rhe ADIWilrl liven were: 

I. Water Skii"' 

2. Bilh Divinl 

J. Javelin ThrCNinl 

4. Sky Divinl 

The teacher ezplaioed why it can not be either ~, "• or 3 and why il 

pouiblo· 

CLASS II! 

~o 
c 0 -01 :c 

O_jC 
0 

r e;~~O'::l 
~ 

c, 10 

::\ ~0 

Introduction (4 ainutoo) 

The teacher ezplalaed vhat 11 happenial on the pleture, ltrelliDB that the 

opeod of tho ball variu. He also relllinda them of the way of workin1: 

1. DiiCUII with your neilhbour. 

2. Try to co• to an agree•ot. 

l. Preaent your aoawer to the other £roup& at your table. 

4. l! anawers are not the •••• try to coovtnce eac::h other. 

5. Give flul anaver fro• your group to the cl.aal. 

~.!!!. paira!.!!!, erouos (20 mioutea) 

AI in Class IIA. aore th.an one halt ot th.e pairs have graphl of the aa:ae 

ah.ape 11 the path of the ball, like the one ahovn belOIJ. .,... 

,/""'\ 
/ \ 

I \ 

.Uter 20 minute• all the group1 vere ready to go on to Pill 

uterial and to coo1ider the i.Dller Coaster. 

·-IJ 

1\,.,,,"".'"UI.ilh'"'t"t"""""'"'"""'' , ... ti'••H'1(!itt"f·• 
(t•f"''"' ,, .. ,, ...... , 

SrttoJ nl I !'It 
lt,!l\(t•CIII~IIt'l 

of the 

The teach.er vaa tour::.ng the cla•aro01111, a1iting question• to provoke 

diacualiODo 

lli.!.!. teaching (l 0 a1 nutu) 

The teacher asaio drew attention to the _.thod in which group1 1hould vork. 

llo GrOW tnl folloving diagra• OD tho blackboard: 

War do a ketch Crapha ._...... Oetcription fro• the tketched araph. 



"See if the tva deecriptiDDI .. tch - if not we h•ve to char.ge sameth:.:'lg. 

You 1hauld be able to look It your Jraph and describe the s1:uation aga~n.'' 

A short diacus&ioo on :he point that :ne graph shows :~e re:a:1ons~~? 

betveoc the voriobloo indicated oo t~o tva axes t~en !ollowod (t~is had 

been 1tresaed in the two les•ons on Al) .. ':be following ~!o._. ch.,rt '-'aS 

dravu co the blackboard: 

Look 

again, 

change 

Croup discuaaion (l8 ainutas) 

;troblec ! 

Sketch a g:-aph) 

4i 

Groups were using the strategy of intenoret~ng t~e~r O'-'M graphs anC 

comparing them with the orlginal situation. 

fl.!.!.!. discussion (12 minutes) 

Three graphs wt!re preaented on the Olack.boar~. 

s-;! 

·~· I 1 

I 

The1e Jraphs were interpreted and (3) waa :-uled out b~ the put~!ls Yhen :!'ley 

1av that the interpretation did not utch the given situation. :here •as 

IOM deb•te concernir,J (1) and (2) because ":Juoi!s !el: :hat :he ba.:: ~us: 

start from reat, but they V~Jt.re unclear as :o hoo-· :-.a;n.Cly !t •c:e:erated. 

A short Qiscua•ion on this ai1concept1on took ?lace at t~e end of :he 

le11on. 

Tucher: "'why do you thitllr. people drew too gr1ph l!kt Peter: (3 )" 

Pupils: "Secauae they th!.nk that a graph is a pie:ure." 

Thus there were three maio di!ferences in approac~ bet~een the t~o classes. 

In both classes the probleCI '-'aS initia!l)' presen:el! to the pupils withou: 

:eaching. !ut in llA the errors o.ade b! ':.:le pu;:Jils '-'ere qu'!.ck.l:' corrected 

'-'hereas in 1!3 the pupils. in pai:s and groups. cace :o their own 

conclusions in discuJsioo, and later ~resented t~~: to the Yhole class !or 

~ur:her l!iSC'..lssion. The teacher c!id ~ sta:e the cor:-!ct ans'-'e:-: and C".Jch 

more serious considerat~oc .... as g1ven to the errors and :he 'gr3ph is 

picture' cUsconception •h:ch underlay ~ost u: the:. Secondly, the 

teacher's cain contribution ._.as to et:?hasise a~ fE..!. ~. :n 

particular. that e:lq)ressed in the !lo1.1 char:. Fi:1a.:.ly, tne lesso:1 closed 

wit~ a :-eflective c'.iscuss:on on ._.ha[ ~ad been :ea:-:1el! - ~he pupils' 

attention was dravn e:El'licitly to the rendeney to retrard trraphl as pictures 

and to the need to reaiat thia and to think soecifically about the relation 

between the variable reoresented on the graph. 

Pl/PllS' AITAIN!i!li!S - DESIGN OF nu: '!"ES! 

Five of the eight auestions oa the test have been illustrated and discutaed 

in the previout section. The eight questioaa, bet~een them, covered the 

five aspects of Jraphical underJtanding deacribed above, and they asked for 

responaes in four model. Theae were (a) Interoreting a given graph, by 

reJoonding to apeci!ic auettions (eg Sugar Prices), (b) Interpreting by 

describing the situation represented (eg Country Walk). (c) Sketching the 

graph !rom information about the situation• (eg Coach Trip) or 

diagrammatically (Going to Schoo:). and (4:!) !~la!ninl the reasons !or 

one'• an1vers .. There vas a lao 1 Question w!'lich asKed, What is a graph~. 

and one which referred not to real situations but to 'pure' graphs - it 

a1k.e.d 1bout the coordinates of further points on a given line, eg how uny 

points between (Z,S) and (3, ~), urk 4.6, 10.2. and sc on. This las: W111S 

from the CSHS p:upn. test and vas included to provide • coe~parison between 

our classes and their national sa=pla. 

Some of the results on the different queations are g:!.ven belen:. with a 

co~rparison aaonJ the Yhole 1et o! eight classes and each of the tvo c!aases 

Yhere the particular different teaching etrphaaes were be1ng g:.ven. ":hey 

ahow, in general, quite large gains, and alto aui:e ~arge di!!erences 

favouring the class vhece there waa specl•l emphasis on critical discussion 

and on reflection on what had been learned in eact-. l•sson. 

TEST RESUL!S 

Ql ~.!. ~ descriotion exol1ir.in£ ~ ~ !raoh.!.!. 

Thia was • very difficult question to answer adeauately. lt shoved l!t:!e 

di!'ference in response pre-'Post, or bet'-'een c:asses !U.. :r! 1nd the '"·hole 

sample. 
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5•11 1111JroveMntl• The _,It difficult queationl were on deciul 

caordiaaces and nuaber of pointa between given points or on vhole line. 

Ql !!1!. .2!. Su1ar Six point• ahovn, axe a coat /weight. Questions about 

leaac, 1reeteat, •••• coata, veia:hta, beat value. The mean gains for 

claaees IIA, III and the vhole ••IIPl• are shown for each part of the 

queation. We sDall not live such detailed results for all questions; these 

queetioo J reeu.ltl are typical. 

Pll!-POST 

GA:!IS 

All +19 

I :.A •18 

1!5 +37 

.• 
•. 

'· 

"-co_..l 

frl f1RMt t~~~lll,., ,.,.,..fr,...-wlll\ """''"' •ur., 
I•I...,IIWC"IIIN, .. tt.clw.n-1' 
... ,"' ........... l'lltWC'tll£~· 
lc\Vo'tr.:lll"*"l"t• .. ~·•'f*'t• 
leU W'"-di~I,CUW~I"'If'l'' 
fel V..hctlttff.wC-_...,. ... ,......,., .. , ..... _ _.. 

11·-~-··11· 
ff) 'llrllortlottiiM(•,_.Ioli!l•"'•hc'M''""tolil., .. __ , 

u-a•-••"" 

b 

-4 +24 •18 ·== ... 

+4 •19 ·8 -!9 ·16 

+16 •H •)7 -.:.e •)7 

' 

•9 

•16 

&e•ultl for thi• qu.atian ahow the typical patt•ra of ~!•nerally auite 13:-p:e 

1eiu, aad lar&e difhrencu between II.A and liB vith IIA senerally cloaor 

to th• r•au.lta for the vhol• •••Pl•· 

"Q4 Coun~q .!!!l! (Ducription of velk, fro• diataoce/ti .. 1uph). 

l•aulta • ....., a aiail•r p•tt•rn to tha•e of QJ. Corr•ct r••pana•a 25: ... 

40%. 'pit.tur•' in.t• rpr•t•tiaa 26: - ~0:, ape•d /t i .. int•rPr•tations 2:: -
n:. 

*Q5 Goins!!!.~ (lnte!11rtting poiata, aketchlnc eraph of journey). 

Generally large aains but no conaistent di!!erence between I':.A and. liB. 

E"r'"" "''-"'f· n111 '""' "'"""-' n"'f'. Uw \~'"'" .,.,,.., ".,. 
IOIM-IIAIIICIUIII!t,..... .... Utt"""" ... 

l' 1 E •~"~•"' •• •'""001 •Iii It twlo fl>ltiiN: ,..,-. ""'""' .,.,,..a._l- '"" 
lnl "-Jucl'lrrarfl'!.........._t,..._Uttlll _ _...,~•••onlh't-•f'O•"' 

IIIII "'lo..rlilfl~'"t""'lor .... ,c-..... llll:~ft,..-

; ""'""" ll.1t 

f) 

ltnch'"' • 
II .It: 

H~ll!'lll••t' 
u .... 

1 .... ~ 

l!,ol,'hl;>l 

!Itt 

-·---''"*' 

Q6 ~lb.! I.l!1 0 possible ~raphs o! height/:1-me for hoistin&:t fla~ t.lf 

pole, hand over hand; interpretative response and descrip:ive type 

questions. Fair gains, small and inconsistent differences between llA and 

IIB. 

•Q7 .£2.!.£!! !.!.!£. Sk•tch cr•ph of co•t per pe.r•on against nu.ber in party 

(iav•r•• proportion); explain ~our graph. 

GAINS Sketch Explanation 

All +4 

II.A +4 

liB +38 +5 

A. r•th•r 1ood l•aaoa on th.i& 11 claaa 11!! lut I till th• quality of th• 

•z,l.au•tiaa• •r• aot DJch improved. HD•t reapon••• did Dot go b•yoDd 

'•or• p•opl•. 1••• c:oat ', which. vould have l&ined part Mrlta. 



~---==------·----· --·-------- .. -------.... ___ , _____ :Jw_' 

""·---·- ---·--- .... · 
) -----~-·· 

... ·---~----·----· ' til _____ --~-----· 
!!! ______ --~---· 

-·---·----.~;~o-' -----~-------· . "'-----·-·--------·· 
·-~---· --- ·-----... --::...:=·=::·-=:·.:.:.::-_7.7.":..."":;~.::~ 
!II~ .............. ---.. ··-

•Q8 Hotorva•, ~ Craph of pett"o~ io tank; journey with 2 refills. 

Difference•, interpretative, re•ponae type questions. Where molt petrol 

bought, when run out if not refilled ..... par: questions, pattern of 

relpo.P••• very silllilar to QJ* HeaD gains All +B.s:, IL\. •6:, t:::B ... 18:. 

FQll detaill of the queationl and results are given in c;.rd BreKKe • 3 

report .. 

CONCLUSIONS FRQ1 TEST U:SULTS 

CoiDI beyond the general observation of sub1tantial ga:.ns, and greater 

improvemeats in claaa IIB than in IIA, it is also clear that ~rovid:.ng 

explanation• waa di!ficult for the pu~ils and :hat on this aspect :here .... , 

little difference between the two obeerve~ c.latses. The rather ooen ._1ut 

is 1 Craph! ques:!on also sh~s l!::le ~:provecent. 7h:.s ~ou:~ su~~es: a 

coaclu•ioa that thoae aspect& improved were those where the actual tasK 

required by the teat question was closely similar to tna: reaulred in the 

teach!ag ait~tiona. General deJcriptions and vritten explanations of 

reaaoaa for answers were not wch dem&nded in the te,adung, and were ~ot 

improved. Sicil•rly, the queations on the 'pure' grapn :.nvolvi.ng 

interpretation and ideati!yiog po1nts with deci:u.: c~ordinates were ~ot 

tre.atad in the :.aaching, and were not much :.:D?roved. On the o::he: han~. 

the readiDI and iaterpret.ation of di!fereaces •ad interval,;;, :equ:.:ed :.n 

the Hatorv•y .Journey (petrol) quettioa, waa not specific•lly -:,aught, yet 

cUd JhOll large inc:realieJ io. 1101t parts. It would seem that :he sic.:.!ls o! 

careful interpret&tioa aad attention to the values and change5 of the two 

v•riablea ~capable ot tranater to di!!ereace readies; but :hat for 

1reater 1ucc:e11 vt:h;· eJrP;l.aaatioaa, ao .. .ore 1pecific teaching is needed. 

For eJU~rale, it Gght halp if one tried to develop the awareness :hat one 

.Uoc try to occount..for ill~ o! the response wnlch is to be 

explAined. P•rhaps, better, one might give specific ~ractice in writing 

explanations and then discussing them critlcally, posolbl~ ~y passlng thea 

round the grou~ and chooaing or constructing a best one. and also by class 

discussion of some written onto overhead transparencies. 

ATTITUDE QUES'l'IONNAIRE 

At the end of the teaching sequence, all ?Upils were asked to complete a 

)"""question feedback sheet, aa follows: 

1. How interesting were the lessons? 
very interesting/quite interesting/not very interesting/bor:;;.ng • 

2. How hard did you work! 
very nard/quite hard/~uite lazy/very lazy. 

3. How IIUch did you learn! 
a great deal/quitt a lot/not very a.u-:h/ver? little. 

When the•e reaponaes are scored •2. +1, -1. -2 and the --•a score 

calculated for each o~ the 8 clas1e1 ve find that on each of the three 

IDel&ures clasl IIA is the lowes: and 113 the highest. Tor exam-ple, for Ql, 

on interest, :he means ~ere (: are the highest and IV the lowest sets): 

lA 

+0.1 

IB 

+0. 9 

llA 

-o. 5 

115 

+l. 3 

II!A 

+0.2 

IIIB 

+0. 5 

IVA 

+0.5 

Thus the general level of response is somewhat tovards, but below, the 

'auite interesting' level, but :.IB gets above this, towards the 'ver:· 

interelting' level. IU is getting down towards 'not very interest:.ng' :U: 

reu.ios a little higher. The patterns for the ocher two questions were 

very siiOilar, eg for Q3. llA was -0.6 and IIB +l.2. 

~us it is clear that the reflective discussion aspect of the !1B c!a11 

teaching waa generally welcoDed and felt to be a good lear::ting situation, 

whereal the oppositely polarised, more directive :eachiog llA was rather 

less well liked, and thought to be a somewhat less ef!ective learning 

situation than the average. Of course, we are not comparing ~isembodied 

methodl but rather these methods with ::hose teachers, for vhom these 

methods were their usual ones, though accentuated for :he purpose of the 

experiment• The teacher of class IIB also reports that the boolt to the 

pupils' recognition of the value of c::t~ca~ peer group d1scussion and of 

their ak.ill in using it, IJhich occurred d-..:r:.ng this pe!"iod of special 

emphasis on it, has remained with them and is still visible in thei: 

approach two years :ate r. 
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Finley {1983) has argued that the philosophy of Gagne's 59 

science processes is based in empiricism and induction and 

suggests that the commitment to the two philosophical 

positions has influenced both the scientific knowledge and 

the manner in which such knowledge is taught. He concludes 

that because of the inherent problems in empiricism and 

induction, process based science curricula perpetuate 

erroneous or simplistic views of science. In Finley's 

estimation it is necessary that individuals, in science 

education, restructure their views of the nature of science 

if we want to avoid misrepresenting, to students, the 

process aspect of science. 

contend that Finley's argument is accurate as far as 

he has carried it but through the examination of 

epistemology it becomes evident a more basic difficulty 

exists. That difficulty is the world-view of empirical

analytic science. Habermas (1971) critiqued the conceptions 

of science found in the writings of philosophers and 

practioners of science and he concluded that there is no 

single model of science. Instead, he concluded that there 

are three forms of scientific inquiry: "empirical-analytic 

science, historical-hermeneutic science, and critical-social 

science." Each form of science is governed by individuals' 

particular interests. These interests are basic to humans 

and characteristics associated with such interests are 

connected to specific dimensions of the social world. On 

this basis scientific knowledge is not a pure, value-free 

product of an objective methodology; instead it is the 



product of an orientation that determines the type of 

activities to be pursued as well as the form of knowledge 

that is warranted. The empirical-analytic orientation is 

the dominant world-view in our society and it is one in 

which individuals view the world in a technological way. 

Major values of this orientation are control, certainty, 

predictability and efficiency. In conjunction with the 

values there are immutable laws which permit people to 

identify cause and effect relationships. Individuals who 

adopt this orientation view themselves as applying a method 

through which they control events. In effect, they separate 

individuals from the world and view the world as an object. 

With the objectification of the world, knowledge is reified 

and it comes to have meaning other than in the minds of the 

individuals who constructed it. Associated with this view 

is a tradition of understanding scientific progress as an 

accumulation and synthesis of objectified knowledge. 

Open-endedness and scientific progress 

Biology textbooks, such as Andrews (1980), directly 

link the nature of science attribute of open-endedness to 

scientific progress. Such representations of scientific 

progress reflect the received expansionist view (Rescher, 

1984) of progress in which science is seen as inevitably 

being a continuous, unfinished process. Part of the process 

is the asking of questions and there is an assumption that 

the number of possible questions continually expands because 

the experimental process raises more questions than it 

resolves. In addition, recent, superior science is seen as 

answering all past questions as well as answering present 

questions. This means scientific progress is associated 

with knowledge accumulation. Open-endedness is understood 

in terms of further support for an explanation for a 

question arising from a current question or answer. 

In this paper I maintain that this interpretation of 

scientific progress is a result of viewing biology from an 

empirical-analytic orientation and this philosophical stance 

contributes to students' conceptions of scientific progress. 

The argument is developed around evidence of teachers' and 

students' responses to questions posed during 

semi-structured interviews. The questions focussed on the 

person's philosophy of science as it relates to biological 

knowledge and scientific progress. The outcome of the 

argument is the identification of conceptions of scientific 

progress and factors that are influential in the formation 

of students' conceptions. 

Data source 

A series of informal discussions were conducted in two 

separate situations. In the first situation three high 

school biology teachers' lessons on nutrition were recorded. 

The researcher assumed that the unsettled nature of the 

topic area gave the teachers opportunities to present 

biology as a creative endeavour that deals with tentative 

knowledge. An infonmal discussion was held with each 

teacher at the completion of the individual's lessons. Each 

discussion lasted approximately one hour and the questions 



centered around the person's philosophy of science and how 

it was reflected in the lessons. 

The second situation that provided a data source was an 

introductory biology class in a large adult education 

institution. The adult students were enrolled in a program 

to up-grade their academic qualifications in order that they 

may attend post-secondary institutions. Of the 24 students 

in the class 9 volunteered to discuss their conceptions of 

scientific progress with the researcher. The group 

consisted of 2 males and 7 females, 20 to 37 years of age 

(mean= 27), who had last attended a science class 2 to 22 

years ago (mean= 9.7). The interviews, which varied from 

25-65 minutes (mean= 50), were based on questions that 

reflect the unfinished, expansionary image of scientific 

progress portrayed in textbooks. For example, questions 

such as the following were used to elicit students' 

conceptions of biological progress: Has biology 

progressed?, In terms of biology, what is scientific 

progress?, Are there more questions in science today than in 

past?, Have you heard of science being described as 

open-ended; if yes, what does that mean to you? What factors 

in your schooling influenced your view of scientific 

progress? 

All interviews were conducted, by the researcher, on an 

individual basis. The questions were not worded in an 

identical manner for the three teachers nor for the nine 

students because the participants' situations and 

experiences determined what was relevant. Despite slight 

changes in wording of the questions the intent remained 

constant. Therefore, I contend that the data provide access 

to teachers' and students' conceptions of scientific 

progress. 

Data analysis 

Verbatim transcriptions of the teachers' and students' 

interviews were prepared. The teachers' data were analyzed 

according to the subject perspective. That is, the 

following guiding questions were asked of the information 

contained in the transcripts: 

(1) What, according to the teacher's 

definition, constitutes biology as an 

area of study?, 

(2) What is the rationale for the teacher's 

knowledge?, and 

(3) How is the teacher's view of a 

discipline reflected in the lesson 

material? 

The students' data were analyzed for the backing, or 

justifications, used as foundations for their conceptions of 

scientific progress. 

The analyses were validated on an individual basis by 

having the teachers and students comment on points they 

agreed with, disagreed with or did not understand. On the 

basis of the comments the analyses were rewritten. 

From the initial data, portions of the interviews of 

one teacher and two students' have been selected as 
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examples of conceptions of scientific progress. In 

addition, the examples provide insight into factors that 

influence the students' conceptions. In the presentation 

below, the discourse is presented in the left-hand column, 

and comments are presented in the right-hand column. The 

symbol T signifies the teacher; S-1, S-2 et cetera signify 

the students; R signifies the researcher. 

Episode 1 

This episode is from the interview with a teacher who 

has taught biology for nineteen years. The teacher holds a 

baccalaureate in biology education and a master's degree in 

curriculum development in biological sciences. The 

interview begins with a question based on the manner of 

presentation in the observed lessons. 

Discourse 

R: ---
Now, something that you have 
done in the class, that I 
noticed, was you made a 
specific point of teaching 
the history of biology as 
you went through that 
section. Do you normally 
make a practice of doing 
that? 

T: On this particular topic, 
for some reason I emphasize 
it more than other topics. 
Because the book presents 
quite a few men in the 
treatment of the subject and 
secondly, I guess, I find it 
an opportunity to see 
progression more clearly 
than in some other fields. 

Comments 

The teacher had presented 
the autotrophic lessons 
in a chronological fashion 
and major experiments 
were highlighted. 

The teacher's explanations 
presented the experiments 
as a series of directly 
related events that 
built on one another. 

During the lessons the 
teacher did not 
verbalize, to the 

I'm aware of it. But you can 
see how ideas grow. Starting 
quite early and how they 
progress and become more 
and more complex and more 
more complicated. ---
I think it is an opportunity 
to point that out. Whether 
the students get that I 
don't know, but I definitely 
was trying to say O.K., the 
first questions that were 
asked and the way they were 
answered was certainly 
different than the questions 
questions being asked now 
and the way they're being 
answered now. Or the way 
answers are being sought now. 

R: Why do you feel that 
the history and the 
philosophy behind those 
experiments is important to 
offer the students? 

Is there an objective behind 
your presentation of it? 

T: I don't see any value in 
learning Priestly's name and 
the date unless I'm using that 
to communicate progression 
and how knowledge grows. 

students, that he was 
artificially connecting 
the experiments and that 
many other experiments 
would also have been 
conducted. The idea 
of progression was 
implicit in the lessons. 

The teacher's treatment of 
questions was explicit. 
Specific statements were 
made concerning the gradual 
increase in the number of 
questions as well as the 
complexity of those 
questions. 

Researcher attempts to 
establish the reason for 
the teacher's approach. 

Teacher states a basic 
premise of his/her 
conception of biology and 
biological knowledge. 

Comments on the teacher's conception 

Observations related to the teacher's presentation of 

biological knowledge led me to the inference that the 

teacher's conception of biology was strongly influenced by 

empiricism. This term refers to the notion that reliable 

inferences are produced by an experimental method based on 

sense-experience and controlling variables. During a 

validation discussion the teacher agreed with the inference 



and identified the scientific method provided by Arms and 

Camp (1979, p. 3) as an accurate representation of his/her 

conception of biology. There is consistency among the 

teacher's view of biology, understanding of scientific 

progress and the presentation of a gradual expansion of 

biological knowledge in the classroom lessons. The 

consistency is found in an empirical-analytic orientation to 

biology. 

Episode 2 

The following two excerpts are from the student 

interviews. The first excerpt is from the discussion with a 

student, S-1, whose last science class was a grade 10 

biology course, 17 years ago. 

R: What is different about 
biology today compared to 
100 or 200 years ago? 

S-1: Here's what I think of it. 
We started off with the cell 
theory through Hooke, the cell 
theory through the cork and 
now we're splitting the atom. --
And back then you weren't even 
aware of such things as atoms. 

R: So, has biology progressed? 

S-1: Oh, definitely. Through 
the questions and answers. 

Researcher solicits 
data. 

S-1 implies knowledge has 
increased with the 
passage of time. 

S-1 demonstrates the 
received view of 
scientific progress. 

R: In terms of questions asked 
and answered years rgo 
S-1: ~ell they 
didn't have that many questions 
to ask years ago, because they 
didn't know that much about it. 

R: So when you say they didn't 
have many questions, how would 
you measure progress in 
bi o 1 ogy? 

S-1: Just the general knowledge. 

R: So are you measuring progress 
in biology by the number of 
questions we can fsk? 

S-1: ~es. 

R: Are there a certain number 
of questions we can ask? 

S-1: We're constantly learning 
so, the number of questions 
constantly increases. 

S-1 connects the number 
of possible questions to 
knowledge accumulation. 

Elaboration requested. 

S-1 restates the idea of 
knowledge accumulation. 

S-1 associates scientific 
progress with the number 
of questions asked and 
answered. 

S-1 suggests scientific 
progress, or knowledge 
accumulation, is increasing 
in conjunction with the 
questions. 

The second excerpt is from the discussion with a 

student, S-2, whose last science class was the equivalent of 

a grade 9 general science course, 23 years ago. The 

student's image of scientific progress is very similar to 

the image reported previously. Important points concerning 

the foundation of the conception are revealed in the 

following discourse. 
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Discourse 

R: Can you think of anything 
in your past where you have 
picked that up? 

S-2: I think it's been 
from my general interest 
in the out of doors and 
taking courses. And 
also from this current 
class as well.--- And 
science generally, you have 
to have proof or a certain 
amount of proof before 

Comments 

Refers to previous comments 
made by the student that 
scientific progress is 
reflected in the increase of 
questions and answers. Also 
there is an increase in the 
complexity of such questions 
and answers. 

S-2 indicates the concept of 
scientific progress is based 
on experiences in certain 
science classes. 

anything is accepted by those 
scientists out there. So it has 
to be a progression. I don't see 
how you can go out on a 
completely different tangent. 

(The discussion continued in this manner with the student 
outlining a conception of proof that requires controlled 
experimentation. The student provided an example from the 
present class and the discussion evolved into a description 
of how molecular bonding was taught.) 

R: When you were taught 
bonding, how was that 
taught? Can you describe 
that? 

S-2: Urn, [the teacher] did 
it with pictures, on the 
board with rings 
around each one. ---. 

R: Sotwas it taught to 
you a fact? 

S-2: es, yes. That right. 

Request for data. 

S-2 describes the presentation 
of the Bohr model. 

Request for the student's 
backing. 

S-2 indicates the model was 
presented as information 
that is certain. 

R: Or was it taught as a Alternatives suggested. 
theory? That there are 
difficulties with it but 
this is the best understanding 
to this point? 

S-2: No. I took it as a S-2 states how the model was 
straight fact. understood. 

R: When you think of bonding 
in molecules today, how do 
you think of it? ---. 

S-2: It seemed reasonable 
to me. Ya, if someone were 
to ask me that question 
that is the kind of answer 
I would give them. ---. 
I'm here to learn biology 
and that is what the guy 
is teaching. And he says 
this is this and that's 
what the exam is going to 
ask you. And if you want 
to pass the exam you 
write the correct answers 
down. Right? 

S-2 indicates a conception of 
bonding that is based on the 
Bohr model but it is 
understood to be certain. 

S-2 states a justification 
for the conception and 
implies that the teacher 
established it through 
authority of position. 

Comments on the teacher's and students' conceptions 

The data from both episodes indicate that the teacher 

and students understand scientific progress in a traditional 

expansionist view. The conceptions are characterized by a 

continual increase in the number of questions that are posed 

and a corresponding increase in the complexity of the issues 

dealt with by those questions. The teacher data 

demonstrates a traditional expansionist view that is 

consciously taught and it is done for particular reasons. A 

major reason being, knowledge of the natural world is gained 

through an empirically based research method and an 

effective way to understand the natural world is to view 

knowledge production as cummulative. 



The student data illustrates two important points. 

One, the traditional expansionist view is readily accepted 

by students. Two, students establish justifications for 

knowledge according to various factors. An important factor 

is the teacher's style of presentation. If information is 

provided as empirically established fact, and presented 

without conflicting evidence, students seem to accept it 

unquestioningly. Part of this presentation is the use of 

the teaching role as an authoritarian position. Students 

speak of establishing their justifications for knowledge 

through the teacher's authority as a teacher (Peters, 1967) 

and not as an authority in science that has provided a 

reasoned argument. In the case of S-2, the combination of 

teaching style and the teacher's control over examination 

results directly influenced the way in which knowledge was 

conceptualized. 

Conclusion 

Kuhn (1970) and Lakatos (1970) suggest that. the 

fundamental commitments of a paradigm or research program 

drive research traditions. That is, basic conceptions 

determine acceptable problems, the manner in which 

investigations are conducted, what counts as data, and what 

t~ considered to be scientific knowledge. Part of a 

person's fundamental commitment is the frame of reference 

the individual uses to view the world. In the data 

presented, the empirical-analytic orientation is dominant 

and the individuals view the world from an objective, 

technically oriented stance. An important element of this 

view is the separation of people and the world such that it 

becomes possible to investigate phenomena in ways consistent 

with logical empiricism. 

As a result of adopting this technical orientation 

science education has been led to accept a reconstructed 

view of science that has become known as the «Baconian 

scientific method,« The image of science presented by 

empirical-analytically oriented teachers is a logical 

process in which scientific knowledge is established or 

discovered. In conjunction with the scientific process 

there is a linear accumulation of facts and concepts. 

Consequently, scientific progress is interpreted to be a 

continual expansion of questions and answers. 

In bringing this paper to a close, it becomes evident 

that students' conceptions of science are influenced by 

broad epistemological questions such as world views and 

conceptualizations of knowledge. Given the criticism of the 

traditional conception of scientific progress, along with 

the empirical-analytic view, there is an implicit suggestion 

that an alternative view be considered. I propose that 

science educators consider scientific progress from a frame 

of reference in which meaning, instead of explanation, is 

the central issue. This means shifting philosophical 

perspectives from an empirical-analytic view to a 

historical-hermeneutic view. Such a view casts people in a 
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role where individuals give meaning to situations by 

interpreting events. In such a view a person does not 

consider knowledge as an object that has direct 

correspondence to nature; but rather, the person understands 

knowledge to be a human creation. 
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A Programmatic Approach to Teaching and Learning 

About Student Understanding of Science and Natural 

Resource Concepts Related to Environmental Issues 

Michael J. Brody 
University of Maine 
Orono, Maine 04469 

The problems facing science educators are numerous and 
scientific literacy of youth is an important popular concern.l23 
Over the past several years science education in general has been 
viewed as if in a crisis state.4 One step toward solving these 
problems is to design science curricula based on real life events, 
up to date scientific information and students' existing 
knowledge about their world. Today's environmental problems 
and issues are front page material and they have the potential of 
making science real and adding meaning to both teaching and 
learning. Science and environmental studies can be taught as an 
integral unit to help students overcome the misconception that 
science is only for scientists, and the incorporation of 
environmental issues into the present science curriculum can 
increase the relevance of science topics studied. 

The University of Maine, College of Education, Science and 
Environmental Education Program has instituted a graduate 
level course designed to help students learn concepts and skills 
useful for the development of environmental education 
curricula and help address critical problems in science 
education. ESC 525, Planning the Environmental Curriculum, 

1srown,F.K. and Butts, D.P .. , eds. 1983, Science teaching: A profession speaks. 
Washington D.C.: National Science Teachers Association. 

2opei,J.R. 1982. Education, science and national economic competitiveness. Science 
217: 1116-1117. 

3Press F. 1982. The fate of school science. Science 216: 1055. 

4yager, R.E., ed. 1980. Crisis in science edwcation. Science Education Center Tech ical 
Report No. 21. Iowa Ci1y: The University of Iowa. 

is a practical hands-on workshop experience in the planning of 

relevant natural resource-based curricula for elementary, 

middle and secondary students. Each semester a specific topic is 
selected and students analyze available primary information and 
assess public school students' relevant understanding of those 
concepts. The combined scientific and student knowledge forms 
the basis for the design of meaningful classroom activities. 

Over the past three years ESC 525 has been offered twice and 
has involved twenty eight university students who focused first 
on natural resources in the Gulf of Maine (1985) and then Acid 
Deposition ( 1987). These topics are of particular interest to 
people in Maine and Atlantic Canada since both are critical 
international resource issues. Several students have gone on to 
design and implement classroom based curriculum based on the 
results of our studies. 

The strategy used in ESC 525 is described in this paper and 
involves five steps: 1) identification of an appropriate 
environmental issue, 2) concept analysis of related science and 
natural resource topics, 3) design and implementation of student 
interviews at fourth, eighth and eleventh grades, 4) analysis of 
interviews and 5) report preparation. 

RATIONAL FOR METHODOLOGY 

NATURE OF PROGRAMA TIC RESEARCH EFFORT 
Research in science education has traditionally been centered 

at institutions of higher learning particularly in colleges and 
departments of education. These programs can be characterized 
by particular approaches to educational research. Among these 
it is easy to identify large scale programs which maintain a 
"critical mass " of faculty and graduate students. This number 
can be as much as 12 faculty involved exclusively in science 
education . Another type of program at what might be 
considered "medium" size state universities may involve from 4 

to 6 faculty, and yet another example of 1 to 3 faculty typifies a 

"small scale" program. 
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It is these small scale programs ( the University of Maine is an 

example) in which a new type of "programmatic" effort is 

evolving. Unlike "critical mass" or "medium size" programs, 
smaller institutions are often limited in funding levels and in full 
time staff and faculty. In response to these limitations we have 
focused on small scale, relatively local studies and the 
integration of a research team approach within the context of 
our graduate course offerings. The methodology described in 
this paper is an outgrowth of this evolution. 

It is important to note that small scale programs can effectively 
work within the context of a larger programmatic research 
effort which can be international in scope. In a recent article in 
the American Psychologist 1 Susan Carey refers to 
misconception research efforts as "a highly productive cottage 
industry". In other words small scale programs or research 
efforts, such as much of the misconception research, may 
constitute a discrete and valuable unit of effort within a larger 
programmatic research thrust. The "cottage industry" analogy 
can be extended and elaborated by considering the changing 
nature of society and industry. 

In the late sixties and early seventies there was a growing 
ecological conception that large scale agriculture and 
development programs were actually depleting our resources 
and contributing to a decline in biological diversity.2 This was 

followed by the popular conception that society was changing 
from an industrial, large scale, highly cenralized, mass 
production age to a communications age characterized by local 
small scale opportunities and networks which collectively had 
the potential to increase our productivity and effectiveness 
beyond the centralized approaches.3 

1Carcy S., 1986, Cognitive Science and Science Education, American Prychologist, Vol. 
41, no. 10, 1123-1130. 

2Leopold, A., 1966, A Satld CoiUlty Almanac, A Sierra Dub/Ballentine Book, Oxford 
University Press Inc. 

3Naisbitt, 1., 19882, Megatrends, Warner Books inc. New York, NY. 

If we consider the papers included in the Proceedin~s of the 
International Seminar on Misconceptions in Science and 
Mathematics I (and the schedule of papers presented here) 
and note the type of research and the institutions which the 
authors hail from, it is easy to see that there is a trend towards 
small scale programmatic work in this area. Informally 
colleagues interested in misconceptions research have referred 
to a "university without walls." A modem conception may be of 
a diffuse network throughout the world which may collectively 
have a synergistic effect on our understanding of particular 
educational problems. This has great implications for the future 
direction of research in science education. 

In response to the basic necessities of conducting valid and 
reliable research in a small institution in a predominantly rural 
environment, and given environmental, social and economic 
indicators, we have committed ourselves to the redesign and 
innovation of our teaching, service and research efforts. This 
paper describes one step in this evolution of ideas and practice 
which are part of a total redesign of the College of Education at 
the University of Maine. 

NATURE OF KNOWLEDGE 
The basic assumption in the development of this program has 

been that knowledge is an activity in which individuals (or teams 
of people in this case) participate and construct new knowledge 
based on previous knowledge. This seems to be a concept which 
is at the core of science education in general since the word 
science itself is derived from the French ,sciens , meaning 
having knowledge2. 

The constructivist perspective is a view of science which has 
been growing in popularity as evidenced by the philosophical 

1 Helm, H.& J. NovaJc. 1983, Proceedings of the International Seminar on 
Misconceptions in Science atld Mathematics, Cornell University,lthaca, NY. 

2 Webster's Severuh New Collegiate Dictionary, G.&C. Merriam Company, Springfield, 
MA. 



and theoretical assumptions underlying many of the recent 
papers presented at national conferences such as the National 

Association of Research in Science Teaching. I This has been a 
growing trend during the 1980's and is in some ways a reaction 
to the empirical quantitative studies which have increasingly 
been dismissed as having little practical value for science 

educators. 
The constructivist perspective in science and panicularly in 

science education research has been an imponant component of 
our course work. Graduate students in science education need to 

be exposed to these ideas not only in the context of science 
content and teaching but also as an integral guiding paradigm 
for meaningful research in science education. ESC 525 attempts 
to integrate these ideas in a practical "hands-on" type of course 

offering. 

NATURE OF THE LEARNER 
Learning is the comprehension and acceptance of concepts 

which are intelligible and rational to the learner. Learning is 
not simply the acquisition of a set of correct responses anymore 
than science is simply a collection of laws and principles. 
Meaningful learning can be considered a process of conceptual 

change which occurs in two distinct phases, assimilation and 
accommodation 2. Assimilation occurs when the learner uses 
existing concepts to deal with new phenomena; accommodation 
occurs when the learner has existing concepts which are 
inadequate to allow him/her to comprehend a new phenomena, 
and the learner must reorganize his or her existing conceptual 
framework. Therefore, a critical condition for meaningful 

I National Assocation of Research in Science Teaching, 1986, 59th Annual NARST 
Confertnct Abstracts of Prtsented Paptrs, SMEAC Infonnarion Center, Ohio State 
University, Columbus. 
Ohio. 

2Posner, George J., Strike, Kenneth A., Hewson, Peter W., & Genzog, William A., 
(1982). Accommodation Of A Scientific Conception: Toward A Theory Of Conceptual 

Change. Scienu Education. 66{2), 221-227. 

learning is for the teacher to determine what the learner already 
knows. Of the many variables that influence learning in science, 

the learner's relevant background knowledge and his or her 
existing internal conceptual framework are two of the most 
imponant.123. Once this information is obtained, teaching 

strategies may use what the learner knows to add new 
knowledge to the conceptual framework; existing concepts must 
be integrated with the new information and incorporated into 
the framework. 

Since the late 1970's many studies have focused on students' 
conceptions of the world.4 These studies have addressed 
scientific concepts related to heat, the nature of matter, light, 
living, photosynthesis, the human body and others. Although 
these studies have led to a greater awareness of the effects of 
prior knowledge and misconceptions on the learning of specific 
science concepts, few studies have dealt with the student's 
know ledge of the multidisciplinary aspect of current 
science/environmental issues. Our research at the University if 
Maine is not limited to a panicular scientific conception within a 
panicular discipline. It addresses relevant science concepts in 
relation to real life events and issues, bringing together several 
natural and social science disciplines. We believe this is a 
valuable approach since it deals with student knowledge of 
larger, more inclusive, conceptual frameworks rather than 
isolated notions. 

I Novak, Joseph E., & Gowin, D. Bob, (1984). Learning How To Learn. Cambridge 
University Press, Cambridge, England. 

2west, L.H.T., & Fensham, P .F., (1976). Prior Knowledge Or Advance Organizers As 
Effective Variables In Chemical Learning. Journal Of Rtstarch In Scitnct Ttaching. 
13(4). 297-306. 

3carey, S. 1986. Cognitive science and science education. Am. Psychologist. 41(10): 
1123-1130. 

4 Helm, H.& J. Novak, 1983, Procudings of the lnttrnational Stminar on 
Misconceptions in Scitnct and Mathematics, Cornell University, Ithaca, NY. 
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In formulating the approach to our research, we are guided by 

several theoretical perspectives: ( 1) before assessing student 
knowledge in any domain, the major concepts and organizing 
principles of the knowledge domain must be identified!; these 
principles should be broad and inclusive, stressing conceptual 
relationships and meaning rather than isolated facts, (2) the 
assessment of student knowledge through interviews provides a 
more comprehensive picture of student understanding of 
concepts and conceptual relationships than other more 
frequently used assessment techniques, such as multiple choice 
tests,2 and (3) the assessment of knowledge in a given domain 
can provide information useful in the design of curricula and 
educative materials that address the conceptual problems and 
misconceptions of students directly, and that introduce new and 
difficult concepts in ways that will facilitate non-arbitrary 
(meaningful) linkage of those concepts to existing relevant 
knowledge in students' cognitive structure) 

The modified clinical interview approach is used in this study 
to determine the relevant concepts already established in the 
cognitive structures of the students involved, and to detennine if 
they are inclusive enough to incorporate the more differentiated 
and detailed science and natural resource concepts related to 
environmental issues456. This approach helps guarantee the 

!Champagne, A & L. Klopfer, 1984, Research in Science Education: The Cognitive 
Perspective in D. Holdzkum and P. B. Lutz (eds) Research Within Reach: Science 
EdllCation, National Institute of Education. Washington, DC. 

2Novak.. Joseph E., & Gowin, D. Bob, (1984). Learning How To Learn. Cambridge 
University Press, Cambridge, England. 

3Ausubel, D.P.).D. Novak & H. Hanesian. 1978 EducatioNJI Psychology: A Cognitive 
View. New York. Holt, Rinehart & Winston. 

4 Ausubel, David P., (1960). The Use Of Advance Organizers In The Learning and 
Retention of Meaningful Verbal Material. JourNJI Of EducatioNJI Psychology. 51(5). 
267-272. 

SKahle, Jane Butler, (1978). A Comparison Of The Effects Of An Advanced Organizer 
And/Or Behavioral Objectives On The Achievement Of Disadvalllaged Biology Studellls. 
National Institute Of Education. Washington, DC 2-14. 

availability of relevant anchoring ideas in cognitive structure, 
and can provide a vehicle for the student to understand the 
relevance of existing concepts which is a necessary condition for 
meaningful learning 1. 

The rationale for this study is based on the importance of 
established concepts available within the cognitive framework 
of a learner. This can make the introduction of potentially 
logical new concepts meaningful and provide stable anchorage 
for the new concepts. The more inclusive concepts of a 
discipline can be the anchoring concepts or subsumer, helping 
learners identify already existing relevant content in their 
cognitive structure, and indicating both the relevance of the 
existing structure and the material to be learned. The principle 
goal of our work is to bridge the gap between what the learner 
already knows and what s/he needs to know in order to 
understand basic ecological issues. 

One specific application of this study is in the area of 
misconceptions and naive theories. Naive systems show 
remarkable consistency across diverse learners, and are 
resistant to change by traditional instructional methods. 
Traditional curricula apparently do not facilitate an appropriate 
reconciliation of pre-instructional knowledge with the content 
of instruction.2.3 Our work is designed to help overcome the 
severe limitations imposed when teachers and curricula do not 

6pe1Ja, Milton 0., (1969). Three Levels Of Abstraction Of The Concept Of Equilibrium 
And Its Use As An Advance Organizer. Journal Of Research In Science Education. 6. 
11-21. 

1Ausubel, D.P.).D. Novak & H. Hanesian. 1978. EducatioNJI Psychology: A Cognitive 
View. New York. Holt, Rinehart & Winston. 

2 Helm, H. & J.D. Novak (eds). 1983. Proceedings of the lnterNJtioNJI SemiNJr on 
Misconceptions in Science and Mathematics, Cornell University. Ithaca, NY. 

3champagne, A.B. & L.E. Klopfer. 1984. Research in science education the cognitive 
psychology perspective in D. Holdkzun and P.B. Lutz (eds), Research Within Reach: 
Science Education, Washington, DC National Institute of Education 



take the students' preexisting knowledge structures into 
consideration before the presentation of new concepts. 

METHODOLOGY 
The topics of natural resources in the Gulf of Maine (1985) 

and Acidic Deposition (1987) were selected as relevant 
envirorunental issues in the state of Maine based on a survey of 
popular magazines and newspapers published in Maine. 
Relevant primary scientific research publications were 
identified and conceptually analyzed to compile the content 
principles related to the topic of study. The content was concept 
analyzed using group evaluation of concept maps constructed 
from primary research anicles. These were separated into five 
subsuming concept areas; geologic and geographical concepts, 
physical and chemical processes, ecology, economics, and 
political concepts. Concept maps were constructed by each 
individual on the research team for the five major concept 
areas I. The concept maps took their final form after long 
discussions of conceptual relationships and after a consensus of 
the entire team was reached (see Figures 1). From the five 
fmalized concept maps, content principles concerning the Gulf 
of Maine and Acidic Deposition were compiled as a guideline 
for student interviews (see Tables 1 and 2). 

1Novak. Joseph E., & Gowin, D. Bob, (1984). Learning How To Learn. Cambridge 
University Press, Cambridge, England. 

ECOSYSTEM 

requires 

includes PRODUCTIVITY 

utilize by utilized by 

begins the ccmprise 

FOOD WEB 

Figure 1. This concept map includes principles 6, 7, and 8 from 
Table 1 on the Gulf of Maine (1985). It covers those concepts 
related to ecology. 
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TABLE 1. 

CONTENT PRINCIPLES USED IN THE ANALYSIS OF 
TilE INTERVIEWS CONCERNING NATURAL 
RESOURCES IN TilE GULF OF MAINE (1985) 

1. The Gulf of Maine is separated from the Atlantic Ocean by 
Georges Bank and is bordered by the eastern coastlines of the U. 
S. and Canada. 

2. The ocean bottom is continuous with the continent, has 
slope, gets progressively deeper and is interrupted by bottom 
features such as channels, banks and shoals. 

3. Ocean water in the Gulf of Maine is characterized by low 
temperatures and salinity, which is primarily the result of fresh 
water inputs from the continents. 

4. Ocean water in the Gulf of Maine is nutrient rich. 
5. Water in the Gulf of Maine moves because of wind driven 

waves and currents, river inputs and tides, which collectively 
result in upwelling and uniformaly mixed waters. 

6. Energy flows through this system from sun to plants to 
animals. 

7. Within the system, plants capture light energy and use it to 
make food. 

8. Within the system, plants and animals interact in a complex 
food chain and web. 

9. The Gulf of Maine contains valuable living and nonliving 
resources that people have exploited over time. 

10. Renewable resources in the Gulf of Maine(fish, seals, 
lobster, algae) have been harvested using a variety of traditional 
techniques(drags, traps, nets). 

11. Nonrenewable resources, such as hydrocarbons and 
gravel, are being considered for exploitation. 

12. The Gulf of Maine is also considered valuable for 
recreation, research, tourism, and other nonconsumptive uses. 

13. The Gulf of Maine has traditionally been utilized as a 
common resource by many nations, and currently there is a 
conflict over the future use of these resources. 

14. Disputes over resources can be negotiated by concerned 
parties through mutually agreed upon decision making 
(negotiation). 

15. In order to insure a balanced system, management 
strategies based on conservation and utilization must be 
practiced. 

INTERVIEWS 

In our first study, which focused on the Gulf of Maine (1985), 
one hundred eighty-seven students ( 187) from twelve schools 
(12) were interviewed; sixty-four (64) 4th graders, sixty (60) 
8th graders and sixty-three (63) 11th graders. In the second 
study on Acid Deposition, one hundred and seventy five students 
from eighteen schools in Maine were interviewed: fifty three 
4th graders, fifty three 8th graders, and sixty nine 11th graders. 

Schools were selected based upon interviewer proximity and 
convenience. Where possible, interviewers were assigned to 
interview a grade level close to the level at which they had 
teaching experience. Interviewers were University of Maine 
College of Education graduate students enrolled in ESC 525. 
Rural and urban areas were both well represented. In each 
school, students interviewed were selected from a particular 
class based on the willingness of the teacher and the students to 
participate. The students were not preselected for their level of 
achievement in science, and were believed to be representative 
of a heterogeneous population. Approximately half of the 
sample were females and half were males. 

Although schools were selected primarily on the basis of 
proximity and the convenience of the interviewers, both urban 
and rural schools were represented as well as schools in 
communities representing a range of socio-economic levels. 
Samples of convenience and the use of volunteers have the 
potential of introducing sampling biases, but we believe the 
heterogeneous nature of our fmal samples kept sample bias to a 
minimum. This is supported in part, by general agreement 
between the studies and similar results of the statewide Maine 
Assessment of Educational Progress in Science, which involves 
sampling of the entire student population in 4th, 8th and 11th 
gradesl. 

lMaine Dept. of Education and Cultural Services, 1987, Summary Reporr of rhe MaiM 
Assessment of Educational Progress, Augusta, Maine. 



Interviewers were the same students who had previously 
analyzed primary research documents and secondary sources. 

Each member of the research team was assigned to one school 
system. Interview techniques were standardized during practice 
sessions during class meetings using both audio and video 
taping. 

Interviews were guided by general lead in focus questions, 
developed from the previously constructed concept maps. I Lead 
in questions were followed by more specific probing questions 
based on the concepts maps, to determine the presence or 
absence of concepts and misconceptions, and the student's 
overall understanding of the major principles. Standardized 
interview props were used to sustain the interviewee's interest 
and to focus attention. Each interview was audio taped and lasted 
approximately twenty (20) minutes. 

DATA ANALYSIS 
Each member of the research teams in both studies scored his 

or her own audiotaped interviews. Prior to the actual scoring, 
the research team reviewed and scored several sample 
interviews to help improve interrater scoring consistency. 
During these class sessions interrater agreement exceeded 75% 
for all content principles in a random sample of several 
interviews. 

After completion of all the interviews in each study, 
interviewers scored their taped interviews. For standardization 
of scoring, the principal investigator provided a form which 
listed specific concepts organized under each of the 12 major 
content principles. The following rating system was used to 
rate student knowledge for each of the 56 concepts: 

1Novak,Joseph E., & Gowin, D. Bob, (1984). Learning How To Learn. Cambridge 
University Press, Cambidge, England. 

0 ·Concept not asked by the interviewer or not covered well 
enough to be rated. 

1 - No understanding of the concept. Student either had 
no knowledge or had only misconceptions of the concept. 

2 · Low partial conception. Student recognized or 
understoodpart of the concept. 

3 · High partial conception. Student recognized and 
understood most of the concept. 

4 · Complete understanding. Student recognized and 
understood the entire meaning of the concept. 

Misconceptions were also identified and tabulated as they 
occurred. Each interview tape was analyzed and rated with the 
above scale. The mean interview score for each principle and 
the grand mean interview score on all content principles were 
calculated for each grade level. For this purpose, 
misconceptions were given the same rating as completely 
missing concepts (0). While some researchers may argue that 
misconception knowledge interferes with learning and should be 
scored negatively, others contend that they may provide some 
useful cognitive structure and should be scored positively. These 
positions are hard to document explicitly, and it is even more 
difficult to determine just how positively or negatively a 
misconception should be scored. Consequently, we assigned a 
score of zero to student misconceptions to represent an 
intermediary position on these views. One way analysis of 
variance and multiple range tests were used to determine 
whether the mean scores of 4th, 8th and 11th grades were 
significantly different from one another. Similar analyses were 
done to determine significant differences between the grand 
mean scores of each grade level. The unit of analysis was the 
student since the issues and topics addressed by the content 
principles are multidisciplinary and not restricted to topics 
discussed in any one classroom at any given time. Our aim was 
to determine overall differences between 4th, 8th and 11th 

graders knowledge of environmentally related science concepts 
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and issues gained through an array of experiences, both inside 
and outside the school environment. We were not comparing the 
effectiveness of individual classrooms at specific times, nor 
were we comparing school systems, although these factors 
probably contribute to variability in student knowledge. 

INTER-RATER RELIABILITY 
In the second of our two studies which focused on the concepts 

related to acidic deposition, there were 18 cooperating 
researchers, each of whom conducted interviews with 
approximately 12 students from one of three grade levels in 15 
different public schools in Maine. Each researcher evaluated 
each of his or her own interviews to rate the student's 
knowledge relating to acidic precipitation. One obvious 
concern in a study of this magnitude and complexity, as with all 
qualitative research, is that of inter-rater reliability, or the 
degree of consistency with which the researchers rated the 
knowledge of the students. To help alleviate this concern and to 
report reliability, each researcher interviewed students from 
one grade level, and all researchers used the same set of concept 
maps to evaluate their interviews. As a fmal check of inter-rater 
reliability, each rater evaluated a single set of three interviews -
one from each grade selected as being representative of that 
level of knowledge. The inter-rater reliability was then 
computed as a function of all researchers rating a single 
interview from each grade level and as a function of researchers 
rating a single interview from the grade level which they had 
interviewed. Intra-rater reliability, or the relative stability of an 
individual researcher in rating a series of interviews, was not 
considered to be a problem based on a random sampling of 
interViewers who had checked their reliability by re-evaluating 
their interviews to determine their rating consistency. 

Inter-rater reliability was calculated for each of the concepts 
and for the content principles, for each grade level. To 
calculate the reliability level for each concept, a stroke tally of 
ratings for all interviewers for each interview was compiled. 

The highest agreement in a given concept was divided by 18, the 
total number of interviewers, to get a percentage. This was used 
as the inter-rater reliability. Based on all interviewers scoring 
the, same three interviews, one from 4th grade, 8th, and 11th 
grade, reliability was rated as the percentage of agreement on 
each item. The scores were; 4th =59.3%, 8th=55%, and 11th= 
54.7%. 

ANALYSIS 
Very few interviews covered all concepts found in each 

principle, but when analyzed collectively they provided an 
adequate sample for the entire set. The statistical comparisons 
between grades were compared on the content principle level, 
not by comparing individual concept knowledge. Although the 
knowledge of individual concepts is desirable, it is the students' 
understanding of the interrelationships among these concepts 
that is important. Concepts are considered the building blocks of 
content principles and we believe these principles represent a 
more valid measure of the students' understanding and 
knowledge structure. 

Means and frequencies were calculated for each content 
principle. A one-way analysis of variance (Alpha = 0.05) was 
conducted for each principle by grade level and an F-ratio was 
calculated to determine if the differences were statistically 
significant. If a significant F-ratio was found a multiple range 
test was done to determine significance between the grade levels. 

RESULTS 
The mean scores and standard deviations for our first study 

concerning the Gulf of Maine (1985) are shown in table 3 and 
figure 2 .. Content principles 1 through 15 are analyzed by 
grade level. An ANOV A analysis (alpha =0.05) was performed 
to compare the mean principle scores among all three grade 
levels. Duncan's multiple range test was used to determine 
significant differences between grade levels. 



TABLE 2. 

CONTENT PRINCIPLES USED IN THE ANALYSIS OF 
THE INTERVIEWS CONCERNING ACIDIC DEPOSITION 

I. Geologic processes include sedimentary and igneous 
processes which produce, among other sedimentary rocks such 
as limestone, fossil fuel beds as coal and petroleum, vulcanoes, 
and intrusive igneous rocks such as granite. 

2. Acidic precipitation affects the way various rock types are 
weathered. Soil produced from sedimentary rocks tend to act as 
buffers against the effects of acidic precipitation; soils produced 
from igneous rocks have little buffering capacity, allowing 
acidic.\ waters to leach essential plant nutrients from the soil and 
also to liberate metals and other toxins from the soils. 

3. The products of combustion of fossil fuels, and to some 
extent volcanism, contribute sulfuric and nitric oxides and dust 
to the atmosphere. These elements contribute to the production 
of acidic precipitation. 

4. Chemical pollutants and water combine in the atmosphere as 
a result of reaction triggered by the sun. 

5. Weather patterns and wind currents result from differences 
in heat in the atmosphere and the earth's rotation and result in 
the transportation of chemical pollutants. 

6. Ecology is the study of aquatic and terrestrial ecosystems 
including living and nonliving components. 

7. Living components include producers, consumers, and 
decomposers combining to create a food web. 

8. The system can be altered by increased acidity affecting 
growth, reproduction and respiration, and may indirectly cause 
death. 

9. Industry based on conswnption of natural resources for the 
production of materials for profit can lead to acid deposition. 

10. Acid deposition affects natural resource utilization in 
recreation and agriculture. 

11. Acid deposition occurs within a political system based on 
local, regional, and global concerns. 

12. Conflicts may arise over acid deposition possibly leading 
to confrontation, negotiation and/or arbitration resulting in 
treaties, regulation, and/or legislation to solve conflicts. 

TABLE 3. 

Mean Score ( ±. S.D.) by grade. ANOV A Summary: 
Content Grade level comparisons 
Principle 4th 8th lith 4th&8tb 4th&11th 8th&lltb 

I 0.8(0.6) 0.9(0.9} 1.1(1.0) NSD NSD NSD 
2 1.3(0.6) 1.30.0) !.3C0.6l NSD NSD NSD 
3 1.0(0.5) 0.7<0.72 1.0(0.62 • NSD * 
4 0.2<0.4) 0.~<0.62 0.3C0.62 NSD NSD NSD 
5 1.0(0.52 1.1 C0.72 1. 1(0.52 NSD NSD NSD 
6 O.H0.4l 0.9<0.92 0.9C0.72 • * NSD 
7 0.2<0.4) 0.6(1.0) 1.2{0.9) • • • 
8 1.3<0.7) 1.4f1.2l 1.6(0.6) NSD NSD NSD 
9 0.8{0.52 0.8<0.6) 1.2<0.5) NSD * * 
10 1.4{0.6) 1.60.1) 1.7!0.62 NSD * * 
11 0.1 <0.3) 0.5{0.8) 0.8<0.7) • • • 
12 0.9(0.72 l.OC0.8l 1.4C0.6l NSD * * 
13 0.5<0.72 0.6(0.92 0.6C0.82 NSD NSD NSD 
14 0.8(0.71 1.0<0.9} 1.5(0.6) NSD • * 
15 0.6(0.7) 1.0(0.9) 1.5(0.6) • • • 
GM 0.8(0.3) 1.0(0.4 l 1.2<0.4) • • * 
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Table 3. and Figure 2. show that the mean interview scores for 

each principle at each grade level were all relatively low. Table 
3. shows the Gulf of Maine (1985) principles for which 
statistically significant mean score differences were obtained 
between grade levels. With the exception of priciples 6, 7, 11, 
14 and 15 these grade level differences were small and do not 
represent overall differences in the degree of concept 
differentiation and comprehension of the content principles. 
Although the grade level grand means were significantly 
different, the differences were small and indicate relatively 
minor overall gains in comprehension between 4th and 11th 
grade. The grand means indicate that, on average, students at 
each grade level understood only a few basic science and natural 
resource concepts, and their relationships, concerning the Gulf 
of Maine. 

In our second study concerning Acidic Deposition (1987) 
statistically significant differences were found on all of the 
content principles except for principle 10, but only in the 
comparisons of principles 3, 4, 8 and 11 were these differences 
found between all three grade levels. On all of the other 
principles (1, 2, 5, 6, 7, 9, & 12) the differences were only 
significant between fourth and eleventh grade, and between 
eight and eleventh grade, but not between fourth and eighth 
grades. Although Table 4. and Figure 3 indicate that students in 
our second sample understood more science and natural 
resource concepts than the students in our previous sample, it is 
apparent that they still understood only a small fraction of what 
we consider necessary for a full understanding of these 
phenomena .. 

Table 4. 
Mean scores and standard deviations for Acidic Deposition 
(1987) content principles 1-12 by grade level and ANOVA 
summary. ANOVAs were performed to compare the mean 
principle scores among all three grade levels. Alpha =0.05, 
Tukey HSD post-hoc test. *=Significant differences, NSD = no 
significant difference. 

xre:an-scoreT-i~~~~-fiY-gradi--------x~vx-sumrnaij:---
content Grade level comparisons 
Prjncjple 4th 8th 11th 4tb&8th 4tb&JJtb 8tb&lltb 

1 1.66<.48) 1.61 L62l 1.88L70l NSD NSD NSD 
2 1.50<.46> 1.63<.47> L76<.49l NSD • NSP 
3 1.36<.3 n 1.66<.52> 1.85<.65! • • NSP 
4 1.66<.39! L87C.5Q) 2.43(.65> NSD * * 
5 1.64C41> l.80<.57l 2.42<.80> NSP * * 
6 1.84L57l 1. 93L63l 2.89<.69! NSP • • 
7 1.94L56l 1.87L60) 2.75<.76) NSP • • 
8 1.5H .35> 2.1 0<.54 l 2.29<.73! • • NSP 
9 2.10<.69> 2.12<.6 I> 2.88<.82> NSP • • 
10 1.78L56> 1.86C.69> 2.15<.691 NSP • NSP 
11 1.45(.46) 1.80<.53) 2.15(.69) • • * 
12 1.45(.46) 1.80<.53) 2.61<.82) • • • 
GM 1.6H.30> 1.77(.40) 2.27<.44! * • 
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Table 5. shows generalized student concepts for each content 
principle related the The Gulf of Maine. The propositional 

statements represent what we could expect a student to 
understand about this topic before instruction. As such the list 
provides a defmite place at which to begin instruction and a 
basic framework on which to build new concepts. 

Table 5. 
Generalized student correct concepts for each of the content 
principles related to the Gulf of Maine (1985). 

CONTENT 
PRINCIPLE CORRECT CONCEPT 

1. The Atlantic ocean is bordered by the eastern coastlines of 
the US and Canada. 

2. The ocean bottom is continuous with the continents, has a 
slope, gets progressively deeper and is interrupted by 
bottom features. 

3. Ocean water is characterized by low temperature, has salinity 
and rivers and streams nm into the ocean 

5. Ocean water mixes and materials move around; waves are 
wind driven and there are tides caused by the moon's 

gravity. 
6. Plants need light for something and some animals feed on 

plants. 
7. Plants need light for something and some animals feed on 

plants. 
8. Plants and animals interact in food chains and webs. 
9. We have been fishing in the ocean for a long time and there 

are resources in nature we use. 
10. We fish for fish and shellfish using nets and traps. 
11. There is a possibility there are other resources off our coast. 
12. We use the ocean for swimming, boating and beauty. 
13. Conflicts over resources exist. 
14. Disputes over resources might be solved by people. 
15. Resources can be conserved and utilized if you are careful. 

Table 6. similarly shows what science and natural resource 
concepts we can expect students to understand about acid 

deposition. These statements form the basic schema which 
children bring to the classroom related to specific 
environmental problems, and can form the basis for meaningful 
teaching and learning. 

Table 6. 
Generalized student correct conceptions for content principles 
related to Acidic Deposition (1987) 

CONTENT 
PRINCIPLE CORRECT CONCEPT 

1. Different types of rocks can be recognized. Fossil fuels 
include coal and petroleum. 

2. Acidic precipitation affects how rocks are weathered. Water 
can carry materials out of the soil. 

3. Burning fossil fuels contributes to atmospheric pollution, 
which contributes to the production of acidic 
precipitation. 

4. Chemical pollutants and water are in the atmosphere. 
5. Weather and wind patterns, moving west to east, carries 

pollutants. 
6. Ecology is the study of aquatic and terrestrial ecosystems, 

including living and non-living things. 
7. Food webs are composed of series of interrelationships. 
8. Systems can gradually be altered by increased acidity caused 

by acid rain. 
9. Factories produce things for profit, which can lead to acidic 

precipitation. 
10. Acid rain has a negative effect on certain recreational and 

agricultural activities. 
11. Within local political systems there are concerns related to 

acid deposition. 
12. Acid deposition can lead to conflicts with a variety of 

mechanisms for resolution. 
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Since the mean score for each content principle at each grade level was 

low and indicated only partially correct responses, we realized there are 

crucial concepts in each principle which students were lacking Table 7. 
summarizes some of the more complex and specific missing concepts related 

to the Gulf of Maine. 

Table 7. 

Missing Concepts for each content principle related 
to the Gulf of Maine ( 1985). 

Content 
Principle Missing Concepts 

1. Gulf of Maine separated from Atlantic by Georges 
Bank. 
2. Channels, banks, shoals; distribution and size of 
bottom features. 
3. Source of salinity, concentration and dissolved 
gases. 
4. Nutrients and their role in ecosystem. 
5. Current patterns, upwelling, uniform mixing and 
distribution of nutrients. 
6. Energy flow and conversions in ecosystem. 
7. Microscopic algae for primary productivity. Plants 
use solar energy to make food. 
8. Marine species and distribution, complexity of 
trophic relationships; examples of food chain 
relationships. 
9. Non-living marine resources/exploitation over 
time. 
10. Renewable natural marine resources. 
11. Future exploitation of non-renewable natural 
resources. 
12. Oceanographic research. 
13. Future exploitation of marine resources, common 
resources exploited by many nations, knowledge of 
conflict and utilization process. 
14. Mutually agreed upon decision making 
15. Balanced system, management, conseiVation and 
utilization. 

Table 8. list those concept propositions which we found to be 
missing from the knowledge base of students in our seco~~ study 
related to Acidic Deposition (1987). Both table summanzmg 
missing concepts provide valuable information for teachers who 
are interested in teaching environmental issues. These are the 
critical ideas which if learned meaningfully, allow students to 
make informed decisions about the environment. 

TABLE 8. 
Missing concepts for each content principle related to 

Acidic Deposition ( 1987) 

Content 
Principle Missing Concepts 

1. Sedimentary and igneous processes produce, sedimentary 
rocks such as limestone and intrusive igneous rocks such 
as granite. 

2. Soil produced from sedimentary rocks tend to act as 
buffers against the effects of acidic precipitation; soils 
produced from igneous rocks have little buffe~g 
capacity, allowing acidic waters to leach essenual plant 
nutrients from the soil and also to liberate metals and 
other toxins from the soils. 

3. sulfuric and nitric oxides contribute to the production of 
acidic precipitation. 

4. Chemical pollutants and water combine in the atmosphere 
as a result of reaction triggered by the sun. 

5. Weather patterns and wind currents result from 
differences in heat in the atmosphere and the earth's 
rotation. 

7. Living components include producers, consumers, and 
decomposers. 

8. Altered systems affect growth, reproduction and 
respiration, and may indirectly cause death. 

9. Industry is based on consumption of natural resources. 
10. Acid deposition affects natural resource utilization. 
11. Political systems are based on local, regional, and global 

concerns. 
12. Conflicts lead to confrontation, negotiation and/or 

arbitration resulting in treaties, regulation, and/or 
legislation. 



The interviews in both studies revealed a number of 
misconceptions. Most striking among these were: 

-coral reefs exist throughout the North Atlantic Ocean 
-deep aquatic plants don't need light 
-oceans are a limitless resource 
-there are no political boundaries in the ocean 
-everything in an ecosystem dies if one thing dies 
-smoke floats around then disappears or evaporates 
-weather comes from the ocean 
-acid rain accumulates in the food chain. 

Broad misconceptions such as these are apt to influence the 
meanings students generate for the concepts and conceptual 
relationships in many of the major content principles. For 
example, the misconception that coral reefs exists throughout 
the North Atlantic (held by a number of students across the three 
grade levels), would undoubtably influence these students' 
conceptualizations of the type and diversity of marine life 
existing in the North Atlant.ic. The coral reef misconception has 
very direct implications for how new information can be 
incorporated into the curriculum. Since the Gulf of Maine 
characteristically contains cold, nutrient rich, turbid, green 
water and coral reef formation is impossible under such 
conditions, this misconception must be addressed before 
students can fully understand productivity in the Gulf. 

Probing during interviews revealed that students gained this 
misconception primarily by watching documentaries on tropical 
marine life. It appears they have generalized this information to 
all oceans. 

CONCLUSIONS 
Several general conclusions about student knowledge of 

science and natural resources concepts related to 

environmental issues emerged from the two studies: 
(1) students in our studies learn a few basic science and 

resource concepts in the elementary grades, relevant to 
current issues, 
(2) there is relatively little further assimilation of new 
concepts or differentiation of existing concepts as these 
students progress through the grades, and 
(3) overall, the level of understanding of basic concepts 
and principles related to ecosystem dynamics, resource 
utilization and management, and decision-making is low, 
and it seems that many students do not understand or 
appreciate the significant role of the environment in our 
socio-economic past, present and future. 
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Figure 4. 

In Figure 4., the grand means (overall understanding of all 
content principles) of each study are compared according to 

grade level and (error bars indicate plus or minus one standard 

deviation). Students in the acid deposition study understood 
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slightly more science and natural resource concepts than 
students in the Gulf of Maine study. It is possible that the more 

widespread publicity and press coverage given to the issue of 
acid rain, including presidential involvement, has provided 
more informal education opportunities and has influenced these 

relative scores. 
In terms of our graduate program there are two general 

conclusions which we can draw from these two studies. First the 
nature of our research program has been greatly enhanced by 
the involvement of graduate students in course work designed to 
provide practical experiences in research. Second, the 
constructivist perspective in terms of science content and 
educational research has led to the design of valuable research 
methodologies. 
Finally our work addresses basic issues in the design of 
meaningful science and environmental curricula. A viable 
curriculum should include a set of organized experiences, which 
will aid students in developing knowledge and awareness 
concerning the environment. If the curriculum takes into 
consideration the existing knowledge of students, based upon the 
4th, 8th and 11th grade generalized statements encompassing 
basic science and natural resource content principles and 
directly addressing student misconceptions, the curriculum can 
be a more meaningful learning experience for the student. 
Our. studies can lea? to the production of a multidisciplinary 
cumculum built upon current knowledge and that addresses 
student misconceptions. Environmental issues involve students 
with real-life topics. We believe that scientific facts must be 
accumulated and analyzed in order to make valid value 
judgements andthat science is found in everyday life and is not 
just the rote memorization of meaningless facts from a textbook. 
~nvironmental studies should stress the inter-relationship of all 
life and the factors which affect life on earth. To preserve this 

very complex and fragile system we need a general populace 
knowledgeable in the area of science and natural resources. 
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't115COICEPTIOIS' ACROSS SUBJECT MATTERS: 
Science, t1etlae•eties end Prooro•mino 

Jere Cenfrev 
Depertment of EdKation 

Coraell Untversttu 
Ithaca, N.Y. 14853 

T~ tr'Qrst n.·i/ resvlti119 from I~ pr4CocioliS 1/SJf of s~lt ov ~1/fl? cltiklr~n is t/161 1r1r Ml MIV 
fBi/ to vntkrst6nd t~ first ~·'Qrd.~ !Itt-~· use, ~·lr misvntkrsl6nd t~m b4!hovt Kfl()lri/19 it, so 11161 
.,..,,,~ t~tev ~m to 6/mrlrr us C'Orrn-tlv, thev 1611 to vnderstBnd II$ BM 1r1r litem ... Tills/Bet of 

6ft~nt1on on our !J6rl ltJ t~ r~61 meaninp b·'lticlt lr'!Jrds h6~1r for cltilti.ren ~ms to~ tile C6~ m 
fltelr nrliest •;~_,,,;,IU, Bllfl tile# mJJC'QnaptlOM, ~~lrrt td~n C'Orrected, C'Oiovr tl'telr 

tr•ho/e cours. of thougltt for the rest {Jf their life. 
Emik clv' Rou..~BIJ. I 160 

The term, misconceptions, is in vogue, llke H1e term, 'concept', or 
·meoningfulness·, its deflnHJOn~; ond conceptuo11zot10ns ore loggmg for 

behind its usage. The word, "mi~:conception" 1 , is in danger of becoming o 
soorristicated replacement for u·,e word, "errors" Sucl"t a broad use of the 
word will deny a research tradition a fundamental building block, one 
which distinguishes a paradigm of research in science ond mathematics 
from its more behaviorist sisters, and as I will argue in this paper, 
maintaining those distinctions is vital to the continued healH1 of the 
tradition 

My goals in this pa~ter are three 
1) to review three phases in the history of "misconceptions" 
literature w1th a focus on H1e language, tne purpose ana methods 
used, 
2) to distingu1srt, wlthin the second phose of development, 

contrasting trends among Hte fields of science, mathematics, and 
computer science in m1 sconcepti ons researcr1, and 
I 1 recogmze tlrflt w;t!rm tire m;scolJCBf/t JMS · tra-oit ion. cntiosms 
of t!Je ltl!tBI rmsconcept ions· ore ren;rren/. eno· ~ltemtltwe 
fJrOf/OStll.'i StiC!t tiS 5ttldBilt mBilttll models: eitemtltive 
COiJC8{1! /0/}S: '(!rJIO'r8!7 :-; SClBiJCP: 'rlti!VB t!rf't?r/85 'tlild 'r.rit /Ctll 
!ttlrriers · tlr? oftB/7 prBferrPO· liOJ+PVBr. ;n 11sm9 t!Jp term. I tim 
ret?rrmg too trtldJtiM of reset~rc!J M m;sconcej)tirms i titer m tilt-. 
[lti/)Br. I WI// dJSttiSS t!JP /SSI/8 of iltlmiil§ t!JJS sttl/t/8 /tilt /JmJtpd 
!teiJPt spstPrt7S 

3) to propose, within the third phase, a conceptualization of 
where the reseorch on misconceptions might be heoding. 

Phase One:The Headwaters 

The current trend of work on misconceptions begon in the mid70s when 
researchers in science and mathematics began to document thot students 
were not learning what it is that teachers and reseorchers thought they 
were Researchers, who became increasingly skepticol of poper ond pencil 
achievement tests, sought alternative methods to examine student 
understanding. People realized that the Piogetion method of the clinicol 
interviewing provided such an alternative method of assessing 
understonding. In mathemotics .. this trodition begins with researchers 
1 ike Erlwanger (I 975), Davis (I 976) and Ginsburg( I 976) who pioneered 
work which focused on the students· conceptions In science .. Eosley 
( 1 977) and Hawkins ( 1 974) represent the beginnings of this tradition. 
Some of the work was concept --:.pecific, such as Peck and Jenks' (I 979) 
work on fractions; other work was problem-specific, such as Clement ond 
Lochhead's work on the translation of algebraic symbols in the students 
and professors problem (Clement,Lochheod ond Monk,1 979; Clement, 1 982). 

This eorly work set the tone for much of the loter work. It wos shOwn 
that students' conceptual knowledge was weak and superficial, and that 
they often relied on memorized procedures, post experiences ond informol 
knowledge. The pollticol romifications of the studies were widespreod, os 
the researchers documented the resilience and pervosiveness of the 
misconceptions Surprise and dismay were felt by oudiences os they 
heard reports of 20-60% correct on alarmingly simple problems. 
Furthermore, there wos on enchontment with the problems; os reseorchers 
reported dismal percents, the audience was often lost in calculation and 
problem solving, introspecting on their own tendencies to onswer 
erroneously_. and their care not to fall victim to the enticement of the 
"trap" 

The work wos subject-matter s~tecific, yet it was not entirely isolated 
from the classroom setting. It defined o territory wrJich built from the 
e:x:pert i se of Hte c 1 assroom teacher, the i dentifi cation and anticipation of 
error~; It also appealed to the mathematician and scientist .. since the 
m1sconceptions often raised questions about fundamental concepts It 
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confirmed whot mony oble teachers already suspected; that despite 
odequote scores on ochievement meosures, mony students held mojor 
miscgnceptions obout fundomentol concepts in mothemotics ond science 
At the stort, misconceptions were defined empirically os documented 
failures of Jorge numbers of students to solve problems which appeared to 
be reloted to fundomentol concepts Neither their structure nor the 
structure ond choice of problems merited ony substantive explanation. 
Thus.. surprise.. pervosiveness. resilience ond deviotion from t!Je expected 
om•wers were t!Je defining c!Jorocteristics. of t!Je eor!JI worl.: 

The eorly reseorch ond the use of the clinicol interview led reseorchers to 
respect ond document students' beliefs. Put simply, researchers learned 
to listen to students. Largely os o result of such earlier psychologists os 
Pioget ( 1970, 1973) ond Brownell(in Weaver and Kilpatrick, 1972) these 
reseorchers sought to describe how the concepts ond tasks oppeored to the 
students; rather than comparing their apparent performance against o set 
of preconceived cotegories. A volue wos placed on the process of solving o 
problem, not just its outcome. As stated by Elwonger ( 1975) 

If children develop their knowledge of mothemotics lorgely 
through their own octivity os they leorn mathematics in o 
porticulor environment, then evoluotion should be on 
ottempt to discover from their point of view just whot 
they hove leorned ond understood. (p 166) 

In order to look ot the i deos from the student's point of view, the 
researchers chose to use flexible interviews ond to study individuels or 
small groups What they discovered wos bluntly stated in Em early issue 
of Children's Mothemoticol Behovior, wherein Dovis ( 1975) wrote. 

The fact that whot was MATHEMATICALLY necessary for the 
solution of the eg~ 

~ = _6_ 
x 3x+ 1 

differed considerably from whot wes COGNIT I VEL Y 
ne~essory, ond the details of how they differed. constitute 
the main value of the 15-minute interview for us, if not for 
Henryjp.B-9) 

Loter m the poper, I will suggest thot such o distinction between 

·mathematical" ond ·cognitive· needs refinement; however, it is 
important to reolize thot early work such os th1s contributed to the 
reexamination ond redefinition of what it meons to be "mothemoticol· or 
"sci enti fie" Philosophers of science were o 1 reody engaged in work thot 
provided resources for such o reconceptuolizotion 

Dovis ond Ginsburg has collaborated on eorly work ot Cornell UniYersity 
ond within the some issue of Children's Mothemoticol Behavior, o 
contribution of Ginsburg ( 1975) provides the introduction of another 
theme of greot significance in misconceptions reseorch. He wrote of the 
young child as a "intuitive mothematicion· (p63); rejecting the "toblo 
rosa· view of the child, he suggested thot "through spontaneous 
interaction with the environment, he develop vorious 
techniques--perceptual skills, patterns of thought, concepts, counting 
methods--for coping with the quontitotive problems.·· (p64) In his book 
(recently reprinted), Children's Arithmetic (.1211). he offers five 
observotions obout errors They ore 

1. Errors results frorn organized strategies and rules. 
2. The faulty rules underlying errors hove sensible origins 
3. Too often children see arithmetic as on activity isolated 

from their ordinary concerns. 
4. Children demonstrote o gop between informol ond formol 

knowledge. 
5. Chi 1 dren often possess unsuspected ~.trengths.(p. 129) 

Clement's work ( 1962) perhaps wos in my opinion the most exemplary of 
the research on misconceptiOns in the eorly phase. In this work, 
conducted considerobly earlier than its publication dote .. Clement 
administered too sample of 150 freshman engineers four word problems, 
two of which required porticulor numericol results, two of which were 

of the "students ond professors" type ond required o general equot10n 
The1r performance on wnting equations for portJculor problems wos over 
mnety percent, on the generalized equation problems, 1t fell to 63~ and 
27~. respectl\lely for the two problem~. 

Clement systematically demonstrated the c{lmptll51tln of the errors by 
plac1ng o wormng w1th the protdems, ~~e comment~. on their tJpptJrent 



simplic/tjj with the statement. "The dote reYeol o class of problems 
which should be triYiol foro scientifically literate person. but which ore 
so!Yed incorrectly by Iorge numbers of science oriented students.· (p 17) 

In other work on this some closs of problems, he demonstrates the 
perv&sfvenessof the 'misconception' as si mil or error pot terns ore found 
ocross different symbol systems equations, tobles, word sentences end 
pictures 

Clement also demonstrates o characteristic trend in this research when 
he creotes two explanations of the source of the errors: o word-matching 
strategy ond o stotic comparison strategy. He hypothesizes that these 
con be used to interpret the statements students make os they solve 
these problems in think-aloud interviews. He contrasts those approaches 
to on "operative approach" in which o student "yiews the equation os on 
oct i ve operot ion on o Yori oble quont i ty ... "(p.21 ). 

Nowhere in the paper does Clement define explicitly the term 
'misconception· He uses veri ous olternoti Ye phrases, "conceptual 
stumbling block" (p.29), "incon"lstent semi-autonomous schemes· .. 
·cognitiYe processes responsible for errors in problem solving"(p 16) 
whose referent may be "misconceptions· but the relationship is neYer 
explicitly offered. 

In sum. the eorl y phose of misconceptions research estobl i shed certoin 
parameters end themes. The dominant perspective was that in learning 
certoin key concepts in the curriculum, students were transforming in on 
active way whet wEJs told to them, that tho2.e trEJnsformations often led 
to serious misconceptions Misconceptions were documented to be 
surprising, perYosive, resil1ent ond their connections to language end to 
informal knowledge was proposed 

It should be noted that this research went beyond the simple collection 
ond documentotion of errors Although no epistemological authority was 
conferred on the students· methods, there was o sense that students 
were octing sensibly and rationally in their activities, and that these 
error patterns were appealing and resilient At that time, they were 
clos~.ified f:IS mEJthemoticolly or scientifically erront, but 
psychologJcaJly compelling 

Phase Two: The Reservoir 

Science Education 

Attempts to formalize the concept of "misconception· end to describe its 
structure, its evolution end its ties to other acts of cognition ore 
characteristic of the second phose in misconceptions research. For 
example, the operational definition offered by Hawkins, Apelmon, 
Colton & Flexner ( 1982) to describe o misconception-like phenomena 
which he coJls "conceptual barriers to learning· proYides on outstanding 
illustration 

·First, critical barriers ore conceptual obstacles which 
confine ond inhibit scientific understanding. Second, they 
ore critical, ond so differ fr-om other conceptual 
difficulties, because: o) they inYOIYe preconceptions, which 
the learner retrieYes from post experiences, that ore 
incompatible with scientific understanding, b) they ore 
widespread omong adults os weJl os children, among the 
ocodemicolly able but scientifically naiYe os well os those 
less well educated; c) they inYoiYe not simply difficulty in 
acquiring scientific fact but in assimilated conceptual 
frames for ordering and retrieYing important focts; d) they 
ore not narrow in their application but, when once 
surmounted, proYi de key to the comprehension of o range of 
phenomena. To surmount o critical barrier is not merely to 
overcome one obstacle but to open up new pathways to 
scientific understanding; e) Another hallmark of the class 
is that when o distinct breakthrough does occur, there is 
often strong offect, o true joy in discovery.(Section Cl) 

The de>finition offer'2. some distinct contributions to the development of 
on understanding of 'misconceptions· In the definition, Hawkins' 
research teem required that these 'critical barriers· be pervosiYe (across 
age end educational experience), be influenced by preconceptions, hoYe 
on fnternoi stmctt1re, like o frame which serves t!Je ptlrpose of ordering 
Mdlfndfng.ond be sJgniticontso that foiling to comprehend it wiJl be 

an o!rstac/e, confining end inhibiting learning. Finally, he has expressed 
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the Bffective releese end exhilflrotion which eccompenies its 
breakthrough. 

Sterling from this chorflcterizetion of fl criticfll borrier. 1 will list find 
comment briefly one set of themes which are representative of the 
misconceptions reseerch in science. In reviewing these I will rely on the 
reviews by Driver and Erickson,(l983), Driver and Eflsley (1978), Gilbert 
end Wetts( 1983) .. the Proceedings of the Misconceptions Conference et 
Cornell (Helm and Novflk, 1983), end the book,Cognitive Structure Bnd 
Conceotuel Cheng.e,,(West end Pines, 1985). In subsequent sections, I will 
discuss the perspectives on misconceptions in mflthemati cs, computer 
progremming end stfltistics. 

Pre.conrel!.tions. Researchers in science were often motivated to examine 
students' concept ions beceuse it wes believed thot en understondi ng of o 
student's prior knowledge determined the Bppropriate stflrting point for 
instruction (Ausebel, 1968; Novak, 1977; Bruner, 1960) As Hawkins et ol. 
( 1982) wrote: 

In contrast with studies which hove the oim of "poying 
ettention to whflt students don't know" .Our purpose is 
elweys, et leest in principle, to find out conjecturelly, end 
more firmly where possible, whflt students do know, find 
then how this knowledge con be roised by them to the level 
of consciousness--retrieved for their own use in further 
learning. p.C-3 

·The focus on preconceptions represented e besic rejection of e ttJlJlt! 
rtJstJ epproech to leflming. The essumption mBde wfls thflt students 
connect new idees to existing idees, end thot the existing knowledge 
thus serves es both fl filter end fl cetBlyst to the acquisition of new 
ideos. To understand whot students will leorn, one must first determine 
whflt beliefs they currently hold. 

ConCf!l!.llltJI 5lr11Ctllr~ A second theme stresses the structure of 
relationships among concepts As described by Pines ( 1985) the 
meoning of cognitive structure is: 

.. Cognitive means "of the mind, having the power to kno·n·, recognize and 

conceive, concerning personflll y acquired knowledge,· so cognitive 
structure concerns the i ndi vidufll's i deBs, meBni ngs, concepts, cognitions 
find so on. Strllctl/re. refers to the form. the arrBngement of elements or 
ports of anything, the monner or orgonizotion, the emphosis here is not 
on the elements. although they are importflnt to fl structure, but on the 
woy those elements ore bound together." p 101 

The retionole for Bttending to this dimension vBries from reseercher to 
reseBrcher. For some, methods of creating conceptual mops, sementic 
networks etc are important to provide o more holistic end reletionel 
perspective on concepts (Novflk, 1985, Pines, 1965) Others emphflsize 
the need to not only understand whflt is known, but to exflmine how it is 
orgoni zed. (West, F ensham ond Gorrod, 1985) Sti II others emphasize en 
instructionfll Vfllidity for the methods .. finding them useful tools to 
promote considerotion of olternotive orgonizotions ond to reveol 
misconceptions (ChBmpogne,Gunstone,Kiopfer ( 1985) 

The question of how knowledge 1s orgBnized has evolved both from the 
Piagetian trfldition of exflmining bosic organizing structures such os 
space, time, object permanence etc, and from the information processing 
communities with their concern for the limitfltions of memory. They 
Brgued that the sheer quantity of "informotion" ploces o demond on 
humons to orgBnize knowledge to mflnoge, store find retrieve it 

The confluence of these two troditions, Piagetian and informfltion 
processing, yield o somewhot confused longuoge describing this work. 
lnformfltion processing theorists often imply thot we receive 
"informotion· from externol sources ond to comprehend it, we impose our 
own structures of knowledge orgonizfltion. Thus, we tronsform the 
informotion to fit within our existing structures Within such o 
fromework, misconceptions result from the inoccurocies between the 
structures we creote find the externfll world. 

In contrast, when the more Piagetian side of the tradition dominates, one 
finds thot there is less need to speek es though the world sends out 
"slgnflls" and the concern 1s for how one negotiBtes one's own pnvBte 
understondings with whot one tokes to be the meening in public 
ut teronces by others . 



The following two quotes with the span of a few pages illustrates the 
dubious combinotions of Jonguoge which compete within this trodition of 
reseorch West et al.( 1985) wrote 

1) .. When we receive input through our senses, vve hove to infer a great 
deol from the input..[ on exomple is given] In foct, the listener needs to 
infer o great deal and this ability to infer depends upon informotion 
stored in the listener's storoge memory· (p.34) 
2) The meaning of o concept for any person is port of his or her private 
understondi ng. Vet different people use the same concept labels. Hence 
public knowledge propositions that contoin concept lobels may seem to 
be precise . while the meaning thot on individual infers from thot 
proposition depends upon the individuol's privote understonding of the 
concepts (p38) 

Early work on cognitive structure tended to be open to the criticism of 
implying desirable uniformity and completion in representing porticulor 
concepts However. in more current writings, the researchers 
sensitivity to voriotions in meaning, from child to child, from context to 
context is often explicitly mentioned. For exomple, White ( 1985) 
proposed nine dimensions of cognitive structure (extent, precision, 
internol consistency, occord with reolity or generolly occepted truth, 
voriety of types of element, variety of topics, shape, ratio of internal to 
externol dimensions, ovoilobility) which exploined some of the voriotion. 
Pine expressed simply as· these bundles of meaningful relations we call 
concepts ore, on the one hond, copoble of chonge. ond .. on the other hond, 
con never be ocquired in ony finolistlc fashion. Any new relations will 
offect, to some extent, the toto! fromework of relotions"(p110) 

For Pines ( 1985), this ollows on definition of o misconceptions within 
conceptuol structures os viewed ocross time ond circumstonce. He 
wrote .. certBin conceptuBl relations that ore acquired moy be 
inoppropriote within o certoin context We term such relotions os 
"misconceptions" A misconception does not exist independently, but is 
contingent upon o c ertoi n exi sUng cone eptuo 1 fromework As conceptuol 
frameworks cJ1ange, wr1at was deemed o misconception mBy no longer be 
o misconception. conversely, what is o central conceptual relationship 
in one framework may be o profound misconception within another 
framework The history of science is replete with ~;uch examples "(p 110) 

Hawkins et al. ( 1952) poses a particularly salient concern, posed in the 
form of on apparent porodo.'< suggests that in science os contrasted to 
common sense knowledge "to understand any one concept, a node in the 
network logically connected to other nodes, it is necessary to understand 
mony others os well This logicol tightness of scientific ideos. their 
mutual interdependence, suggests immediately o paradox; they cannot be 
leorned, not in isolation from each other; not oll ot once, hence not ot oll. 
Such o paradoxical conclusion only states, in extreme form, the origin of 
mony of the student difficulties." (C 16) 

In summary, investigations of cognitive structure 1 ed researchers to 1 ook 
ot the interrelationships among concepts and to exomine the ways of 
structuring. ordering and fitting together concepts In most of this 
work, reseorchers ore coreful to distinguish between the meonings 
students have for concepts and their verbal utterances. The concept mop 
or semontic network is proposed os onother source of evidence by which 
researchers con consider what 1!. is that students believe. 

Conce;;!_tr/t!l C!Jong£.. An alternative but complementary position to the 
exominotion of cognitive structure is o focus on under what conditions 
students will choose to modify, reject or extend their conceptions. 
Researchers Jn this tradition, often building from the work of Toulmin on 
the evolution of conceptuol systems, orgue thot concepts ore similor to 
theories and paradigms; the preconceptions will oct os o filter for new 
concepts, and the new concepts must not only be shown to exploin or 
predict the phenomenon, but they must be regarded os providing an 
acceptable solution within the current framework (Strike and Posner, 
1985, Confrey, 1980, Johonsson, Morton and Svensson, 1985) 

rormtJI vs. lnformoi f(llOJ·fiedgp The im~tortonce of examining not only 
·vvhot is taught in schools and how it is taught con be demonstrated by 
research which involves informolleBrning contexts. Ginsburg ( 1 977) 
wrote specifically of H1e differences in Children's Arithmetic, 

One of the most significont difficulties in children's 
onthmetic is H1e gop between informal and formal 
knowledge The phenomenon is widespread: many children 
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h~ve trouble with written work but c~n cope with the s~me 
kind of problem in ~n inform~ I m~nner. (p 180) 

He reminds us in th~t piece of the import~nce of reducing the g~p 
between formal knowledge, "seen as a meaningless game·, and informal 
~ri thmet i c which "h~s ~ 1 re~dy proved of some uti 1 it y. "(p 1 B 1) 

Ch~mpagne et al. ( 1965) explicitly discuss this g~p, specifying~ 
potent i ~I source of imprecision in students· interpretation of 
propositions. These include the presence 1n inform~! me~nings for 
technic~! terms, errors in determining the scale of me~surement (either 
~s in~ppropriately l~rge or small) ~nd ~s ~ttempts to formul~te general 
rules from their experience with concepts such ~s motion. 

The terms, inform~!/ form~l, need to be ~Mlyzed into their components 
ond/or possible referents. To date, the following interpretations of the 
distinctions seem pl~usible, ~nd often their use does not distinguish 
~mong them: 
1 Jorm~l refers to tMt which i~. tought in ~n orgoni:zed, structured 
educational institution where certain constraints and conditions operate 
th~t differ from outside life; inform~! is that which IS not taught in such 
~n institution. 
2. Formal refers to~ system of interrelated definitions and proofs .. 

experiments ~nd ~rguments; informal refers to more tentative 1ntuit1Ve 
conjectures. 
3. Formal refers to written methods. inform~! refers to mental 
strategies. 
4. Form~l refers to the ~bstraction of an procedure from its context, 
where the procedure is specified ond justified independently, informal 
refers to routines which ~re carried out mechanically. by habit or 
tr~dition, to complete ~n ~ctivity required on~ doily b~sis 
5. Form~l refers to knowledge one "accepts" as legitimate because it hes 
been demonstr~ted by experts, 1nform~l refers to knowledge one h~s 
generated/learned through one's personal act1ons 

The appeal of the form~l/inform~l distinction in researching students' 
conceptions is gre~t; it captures ~n expression frequently uttered by 
students where they drow a distinction between what is 
reqUJred/expected in school and what IS required/expected in daily life 

apart from school. However, if one takes the first definition, than any 
distinction attributed to the formal ~nd informal cannot be altered by 
institutionalized schooling. This is~ conclusion most rese~rchers would 
be reluctant to draw. 

Sense dolo vs t!Jeory Science educators are particularly interested in 
hOw students relate their sensorial expenences to their formal theories. 
Often researchers will document the isol~tion between these forms of 
knowledge. In other studies, it will be suggested that a misconception 
results from the lack of isomorphism bet ween theoretical perspecli ve 
and sensory inputs which originate in the real world. 

For example. Driver and Erickson ( 1983) began their article with a quote 
from Einstein and lnfeld 

Science is lJO! a collet:! ion at law.<>. o t:oto/opiiF of fot:ts. it 
is o creotiM of t!Je !JIImM mind rvlt!J its freely invMted 
ideos Mo· concepts P!Jys1t .-t/ theories tr.p to form o pict11re 
of reolity ond to esto/1/is!J 'Is connertiMs J·vit!J t!Je wide 
world of sense impressiMs t'linstein ond Jnfeld, 193{1) 

A fundamental distinction can be made 1n sc1ence or in any field 
between two generol kinds of octivities On the one hond there 
is the cataloguing of sense impressions, the experience of the 
phenomeno, on the other. there ore our ottempts os humons to 
impose some regularity on experience by creating our models or 
theoretical entities \p37) 

As a result of the assumption of this dichotomy, the authors propose the 
following definition of a "conceptual framework" "By the construct, 
·conceptual framework', we shell mean the mental organization imposed 
t1y the individual on sensory inputs os ind1coted by regulorities in on 
indiVlduoJ'~. responses to a perticular protdem setting .. (p39) 

This pessege captures one of the most Interesting issues within the 
·misconceptions· tredition in ~;cience Ute relat1onship between 
ontological claims \claims about reality) and epistemological claims 
(clalrns about knowledge) In the passage, the term ·~;ense impressions· 
is used first in the Einstein quote and then by the authors In their 
definition. Htey shift to the use of ·sensory inputs· Inputs, a 



mech~nic~l, computer-based metaphor, often connotes that on external 
world imposes cert~in signols on indiYiduols; these ore chootic, ond con 
only be interpret~ble by the individual through the means of mental 
orgeniz~tion. Thus, it ~ppe~rs th~t the ~uthors differenti~te sensory 
inputs os originating externolly ond mental orgonizotion·s os personolly 
constructed. 

If this is o correct chorocterizotion, then the authors might conclude 
th~t somehow one con ~ssess the accuracy of their mente! 
orgonizotions(internol) in relation to these sensory inputs (external). The 
essertion that one con assess the accuracy of on interne! representation 
in rel~tion to on external stimulus hos been criticized since the time of 
the skeptics, for ~ny such assessment would necessarily be another 
internal oct of comparison, ond foil to o11ercome the internol/externol 
gop. ( yon Gloserfeld, 1984) Another more obYious example of such o 
distinction wos stated by FiscMr, Lipson end ldor ( 1983) wherein they 
write, ·we ore more or less constantly engoged in ossessing the 
'goodness of fit' bet ween our mental models end the world oround 
us"(pl) 

The p~ssoge from Erickson end Driver is ambiguous, end would also allow 
~n olternotiYe interpretation, wherein the relationship of "sensory 
impressions" ~nd ·conceptual frameworks" would both be firmly ploced 
within the indiYiduol ( olbeH influenced by sociol ond cultural forces) 
Hence, impressions ore not regarded as external signals, but internal 
experiences of them. Then the relationships, one wishes to examine ore 
the inter~ctions ~nd relationships between perceptions (organized 
frameworks of sensations) end other conceptual tools, use of language, 
symbols ond theories. Thus, the issue of ontology, whot is reolity, is 
minimized end the relationship among systems of knowledge (of which 
sensory impressions is simply one of mony), is emphasized. Pines 
( 1985) seems to toke this position wherein he wrote 

Sensation--the raw dote from the sense organs--on its own, without 
perceptuo 1 orgoni zot ion, is devoid of meaning. Organized 
sensotion--nomel y, percept ion--enob les the oworeness end mental 
recording of objects end e11ents In human beings. such perception is 
facilitated by language--words or sentences, end thus experience is 
conceptually end propositionelly punctuoted into meaningful 

distinctions, relations, and complexes of such relations that transform 
"row sensation· into perception. (p 1 03). 

If one tokes the position that knowledge consists of e coordination of 
internal representations, rather then os o more end more accurate 
portroyol of "the woy things reolly ore· .. then one is left with one further 
issue in the definition offered by Driller end Easley. In it, they refer to 
conceptual frameworks os mentol orgonizotion ... os indic~ted by 
regularities in on indiYiduol's responses toe particular problem setting. 
Whet is left unanswered is the question "whose perception of 
regularities they ore referring to?" If the answer is on observer's 
perception of regularities, then o conceptual framework is not 
necessorily one's own ways of organizing experience, but onother's model 
of one's own. If it refers to one's own framework, then one is left 
wondering if conceptual frameworks connot be invisible to the person 
operating within it How one answers the question of who the observer 
is per~tops not os importont os t~te recognition thot in such o statement 
"regularities in responses" is a t1idden observer, end this indiYiduoJ needs 
identi ficet ion 

Nonetheless, in science, it is clear that one must gi11e careful attention 
to the role of "sense impressions" Students often consider sensory 
impressions os non-controversial, gi11en, objective, dependable end the 
bedrock on which theories ore inductively inferred. The phrose "to moke 
sense of it" is eYidence of the security provided to us by translating 
more ebstroct phenomena into sensory forms. The "chicken ond the egg· 
relet i onship bet ween conceptual frameworks ond the evidence selected 
end recorded is o serious issue whic~t through this research it becomes 
evident must be included in our science curricula 

Lenguog~The role of language m the construction end maintenance of 
misconceptions hos received cons1derob I e ot tention in misconceptions 
research in science. Some researchers hove focused specifically on the 
defnnng end labelling in relation to the structuring of the discipline In 
this case, the naming of e significant set of relationships is indicative 
oi it:. volue within the discipline. Pines described the important function 
of language writing," A word is like e conceptual handle, enabling one to 
hold on to the concept end manipulate it"{p lOB) 
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Other work hos been devoted to descnbing the relotionships between the 
use of scientific terms in daily use, such as force .. energy, heat and the 
precise definitions of these terms within the discipline This 
relationship wos expressed by Solomon ( 1963) in the following excerpt 

Meonings which ore in daily use cannot be obliterated by science lessons, 
however convincingly presented Even when the concepts ond theories of 
science hove been learned, the older meonings, and loose explications of 
the life-world, will still linger on. This implies thot our students will 
ocQuire, through their instruction in science, o second domain of 
knowledge which is rodically different from the first but coexistent 
with it. Under these circumstonces we sholl wont to know if they ore 
awore of these two competing sets of meanings and, more importantly, 
how they decide which one to us~ during problem-solving exercises. 
(p 129) 

Within this trodition, it is frequently emphosized thot the role of 
longuage in the construction of understonding extends beyond labelling 
ond communicotion of propositionol knowledge into the sociol 
construction of knowledge (Vygot sky, 1976; Skemp, 1971) Described by 
Wittgenstein os "longuoge gomes·, there is on exomination of the larger 
cultural ond sociol context in which scientific meanings are established. 
(Confrey, 1981; Heod ond Sutton, 1985) 

Sutton ( 1980) distinguished denototive meanings in science \rigorous 
definitions) from connototive meonings in everyday experience ( a 
fromework of ossociotions ond implicotions) He suggested that science 
often proceeds by redefining ond moking precise everydoy terms ond that 
scientific terms ore olso incorporated into a culture through metaphonc 
extensions on their meor:tings. Hewson (1985) provided on exomple of 
such cultural-scientific mingling in her study of the conceptions of heat 
of the Sotho group 

Analogy.._More recently, researchers in science education have 
concentroted not only on students· formol woys of tockllng difficult 
problems, but on their use of powerful analogies and models in their 
attempts to understond scientific conceptual systems (Gentner, 1960; 

Rumelhart and Norton. 1960) For example, Clement ( 1977) explored 
the analogical relations which doctoral students and professors in 
technical fields invoked in trying to solve a problem concerning the 
stretch of a spring. He found that ".2.J:!Ontaneous onelogies hove been 
observed to P-loy a significant role in the solutions of B number of 
scientificolly troined subjects .. (IL]) In oddit10n to documenting the use 
of analogy, he also explored the processes of generating ond extending 
onologies 

Historical Perspectives. Often researchers in this tradition ha11e studied 
the ~tistorical de11elopment of a concept as a rich source for I) describing 
some of the potentiol misconceptions 2) for demonstrating at least one 
dellelopmentol seQuence which leods to the current concepts, ond 3) os o 
source for a voriety of problems which provoke consideration of 
olternotive fromeworks (Clement, 1 983 .. Lybeck, Stromdohl ond Tulltrerg 
1985; Lybeck, 1965 Marton. 19'6) 

Research on the hi story of the concept under consideration pro vi des one 
access to the milieu thot often assisted the per~.on(s) in the de11elopment 
of the concept For example, Confrey (1980) examined the history of 
calculus and suggested se11en different conceptions of number which 
were held She documented thot occording to Boyer, it wos Hte 
combination of the outstanding problem in the sciences to describe 
growth ond chonge, the reimportotion of olgebro from the Mideost ond the 
awkwardness of the theory of ratios whic~t created a setting in which 
the fundomentol concepts of colculus were developed By exomining the 
history. it become apparent that most students were being introduced to 
colculus without on understanding thot Hte opplicotion of discrete 
methods to continuou:' quantities 1 ed to di sturb1 ng paradoxes 
Without this, the students were baffled and resistant to the 
complexities of limits 

~Qlstemology. Three levels of epistemolog1co1 question~. hove been 
debated predominantly among these researchers 1 lthe eplstemological 
underpinnings of the subject oreo, 2) the epistemological bosis wh1ch 
gu1des students os they learn science, and 3) the epJstemologlcal basis 
for the conduct of sue~~ research 

1) Th1s research is characterized by a re]ectlon of an 



empiricistlposititivist traditions in which science is conceived of os 
inductive generolizetions on observations. Building from current work in 

the philosophy of science,( Loketos, 1970,1976 Toulmin. 1972 ). science 
is characterized es theory-Jeden from its observations to its theories 
end its progress is explained in terms of meta-level considerations such 
os parsimony, elegence, explanatory power, end increasing ecceptence by 
scientists. It is emphasized that the development of scientific ideas 
will not necessarily perollel the proof It suggests thot educetionelly 
the development of ideos moy be o more fertile grounds for providing 
educetionol reseorchers insight into leorning. (See Strike ond Posner, 
1985, for en excellent discussion of empiricist commitments) Much of 
this work hos been the bosis for the development of constructivist 
theories of knowledge in science, ond such o reexominotion of their own 
conceptions of science ond mothemot ics must proceed ony exominot ion 
of student concept ions 

2) The implicotions of "the chiid os scientist" which result from such a 
reconceptuolizetion hove been ~nghly endorsed with the community 
(Osborne end Freyberg, 1985) Building from the work of the 
constructivist, Kelly, Gilbert, Watts ond Osborne hove promoted the view 
thllt the wey needs to be investigated is .. a,ildren·s science" os opposed 
to "odult science·. The emphosis here is on n1e hypothesis thot o child 
moy not be "seeing" the same set of events os a teocher, researcher or 
expert. It suggests thot mony times, o child's response is lobelled 
erroneous too Quickly ond thot if one were to imogine how the child is 
moking sense of the situation, then one would find the errors to be 
reasoned ond supportoble. 

In more recent work, reseorchers hove not only documented thot students 
ore acting reosonobly, but they hove begun to describe the bosis of their 
epistemologicol beliefs. In mothemotics, Confrey ( 1980) orgued thot 
students see mothemotics os externol .. unchangmg ond non-controversial 
Schoenfeld (1985) suggested thet students ore ·mnve empiricists· ond 
thot their formol procedures ore often not enocted in problem solving 
c 1 rcumstonces which requ1 re discovery rother thon proof DiCesso 
( 1983, 1985) hypothesized the existence of phenomenologicol primitives 
which compete in problemotic situotions ond creote o significont 

frogmentotion in whot students know. 

In en erticle, ·constructivist Goggles: Implications forTeeching and 
Leorning· ( 1965), Pope outlines the implicotions of this work for 

teaching and learning. Mony of the ideos are compotible with o paper by 
Confrey, ( 1963) in which the implicotions of constructivism for the 
Schwab's four commonplaces ore discussed. Both of these articles argue 
thot the implicotions of giving students leewoy to possess individuolly 
valid intellectuol spaces meons thot clossrooms will be modified in 
terms of conduct ond eve I uot ion. 

Teoching students to consider these epistemological issues hes been 
opprooched directly through such techniQues os the opplicetion of 
Gowin's Vee (Gowin, 1983), os science educotors struggle with the 
question of how to overcome the oversimplification of the ·scientific 
method." In his work .. he demonstrotes the viobility of using the 
construction of o mop of on event onto two components (hence the 
vee) conceptuol ond methodolog1col. Together with the conceptuol mops 
of Novok, these tools provide some olternetives to the dominant modes of 
evoluation of Jeorning thot exi~;1. presently. 

3) The epistemologicol questions underlying the conduct of such studies 
hos evolved from on emphosis on striving for normotive portroyols too 
focus on idiogrophic studies (Gilbert ond Wotts, 1983, Driver ond 
Eosley, 1978) The cose study developed through the use of the flexible 
interview has dominoted the research in this oreo. As written by Driver 
ond Eos ley ( 1978), on i deogrophi c vs a nomothetic approoch ore those, 
"in which pupils' conceptuolizotions ore explored ond onolyzed on their 
own terms without ossessment ogoinst on e~:ternolly defined system." 
(p 63) 

The epistemological Questions roised by this reseorch have promoted an 
octive exchange of ideos Whot is perhaps most significant is thOt the 
reseorch progrom on students' conceptions hos itself represented an 
epi~.temologicol shift on the port of the community. Whet hod begun os 
on exominotion of students· beliefs led too reexominotion of the subJect 
motter, tr1e evolutiOn of the discipline. the conduct of the studies ond the 
conceptuolJzation of the clossroorn as o place in which knowledge is 
communi c otl?d. 
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tlelt~cognition Within this community some emphasis has been giYen to 
the metocognitiYe elements of knowing. These reseorchers hoYe 
expressed concern with not only whot o student believes, but with the 
student's oworeness of thot belief system. Coptured susinctly by Novolc' 
ond Gowin's phrose, Leorning How to Leorn ( 1984t the reseorch in this 
oreo often documents how difficult it is for students to describe their 
beliefs, their methods or their processes for solving problems. Whimbey 
ond Lochheod ( 1980) developed methods to increose students' oworeness 
of their own knowledge in their methods of poired-problem solving. 
Other opprooches include smoll group work ond the development of 
writ ten thought protocols by students. Confrey ond Lipton ( 1984) orgued 
thot if students· oworeness of their own beliefs ond methods increose, 
then mony of the student difficulties would disoppeor, ollowing teochers 
the opportunity to oddress the more resilient misconceptions rother thon 
the disturbing overolllevel of poor engogement. 

CvltllrBJ Bnd SociBJ Dimensions A smoll segment of this literoture is 
explicitly concerned with the cultural ond sociol dimensions of 
misconceptions. As reported, Hewson ( 1985) explored the conceptions 
of heot of notives of Sotho ond found interesting correlotions between 
their culturol ond cognitive beliefs. In other cross-culturol work, 
reseorchers hove studied the use of orithmet i c ond meosurement in 
third-world worl<ploces ond found significont discreponcies between the 
formol ond informol performonces of the workers (Love,1977; 
Carraher,Corroher and Schliemonn.1985) 

More recently, some work hos been undertoken in which the reseorchers 
hove exomined the culture of the clossroom ond reloted its structure to 
the deve 1 opment ond domi nonce of certoin cognitive trodit ions concerned 
in porticulor in its impoct on ethnicity, gender ond closs (Confrey, I 984; 
Cobb, 1985) However, in generol the reseorch on misconceptions hos 
remoined primorily cognitive, and has had a limited concem for cultual 
ond sociol dimensions. 

Summory. In the previous section, I hove identified the themes in the 
research on misconceptions which Mve been examined in science 
education The purpose of the summary is to introduce this set of 
categories to mathematics educators in hopes that they will provide 

encouragement for consideration of parallel issues. 

Mathematics Education 

In mothemotics, the evolution of a misconceptions tradition has been 
much slower. Without a recognized role for sense-dato, education in 
mathemotics locks the interploy between the sense-doto ond theory 
where misconceptions were first described. Without a curriculum in 
which phenomeno ond events ore exploined, reseorchers were not 
witness to inconsistencies in mathematicol and everyday reasoning. The 
legal tender of mathematics classrooms was not laboratories ond 
demonstrations, but problems and exercises. As a result, the focus in 
mathematics education research was on errors. 

If one looks for a misconceptions tradition in mathematics parallel to 
the one in science, it is difficult to find. The issues of preconceptions, 
structure of concepts, informel emd formal uses of language, analogy, 
history, epistemology, metacognition and social and culturol dimensions 
of cognition show evidence of only a few dimensions, although a few 
specific examples exist. 

The Clement work described in phose one examined the translation 
between mathematical symbols and appllcat10ns, and in that sense, it did 
create the interplay described above. However, in it, there is not o 
specific si gni ficont concept which underlies the reseorch (olthough the 
concept of rotio and variable could have acted in such a capacity if the 
focus were changed). Little direct attention is given to the longuage, 
although a student of Clement, Rosmck (1981 )extended the work in this 
direction focusing on the tendency for students to treot variables as 
"undifferentiated conglomerates". Other work on these same problems by 
Sims-Knight and Kaput( 1983) bui It from this research exploring the 
relations between imagistic and linguistic representotions. They 
concluded, "This confirms that the difficulty lies in mapping from 
noturol representotions to mothemoticol ones· (p480) In their 
discussion they offer one of the few explicit statements on 
rmsconceptions {es they reject its label as a misnomer) writing, "The 
tendency to translate "6 students" to "65" is actually a naive theory that 
students hove legitimately developed through their previous experiences 
in both tM nat.urel quentitatiYe world and in mathematics, which they 
then generalize inapproprietely to a new situation "(p 486) 



Con frey (I 980) in B study of entering ce~Jculus students' concepts of 
number orgued for the historicol precedence for six distinguishoble 
conceptions of number, sets, ordinol, rotio, number lines. 
non-terminoting decimals. ond continuous number concepts ond orgued 
thot chonges in students' concepts from discrete to continuous were 
necessary to understond the concepts of colculus Within the study, she 
exomined two epistemologicol issues, o perspective on mothemotics 
using conceptuol chonge drowing from the work of Lokotos ond Toulmin 
ond on investigotion into the conceptions of mothemotics of the 
students 

Vinner's work on functions (1983) con olso be ce~st relatively eosily 
within the misconceptions trod it ion. He proposed thot concepts hove 
both "imoges· ond "definitions" He suggested thot the definition ond the 
imoge moy be coordinated, be 1-:ept isoloted or be conflicting, ond that 
students foilure to perform in consistent ond insightful woys on o serie~; 
of problems on functions might be the result of conflicts ond lock of 
coordinotion between definitions ond imoges In this work, he defines o 
concept imoge os os the mentol picture of o concept He wrote, ·p·s 
mentol picture of C is the set of oll pictures thot hove even been 
ossocioted with C in P's mind." (p. 293) He odded thot by picture, he 
meont to include ony unusual representotion of the concept, including 
symbols 

Other work which focused on specific concepts included Schwortzenburg 
ond Toll's work on colculus ( 1975-8), Vinner's ond Cornu's work on limits 
(Vinner, 1983; Cornu, 1983), Steffe, von Gloserfeld. Richords, and 
Cobb's work on eorly number( 1983), Vergnoud's work on mult iplicotive 
structures ( 1983), Behr, Lesh Post ond Silver's work on rotionol 
number( 1983). ond Kit chner's( 1985). Kieron ( 1980) ond Motz's ( 1979) 
work in olgebro. Reseorchers who hove emphosized the historicol ond 
epistemologicol dimensions of the reseorch include Popert ( 1980), Koput 
(I 979), Brousseou ( 1983) ond Bo 1 acheff ( 1985) More recently with the 
introduction of the JOUrnol. For the Leormng of Mothemotics.. Wheeler hO~; 
promoted considerable discussion in this oreo. 

Not all epistemological examinations have been historically or 
psychologicolly initioted Mothemoticions such os Henderson( 198 I), 

Davis and Hersh (1981) and Stoltzenburg(1984) have called for 
revisionory views of the discipline of me~themotics, wherein the building 
of mothemotics is given ottention ond where its tentotive .. evolving ond 
controversiol Quolities ore disployed ond celebroted. In o more recent 
orticle, Tyczemko (1986) hos orgued for exomining the woy mothemotics 
oct os o community to understond epistemologicol questions ond 
suggested thot one such public occosion for study might be how 
mothemoticions educote their own initiotes. 

Within the 'l'r'Ork on errors, mothematics educators have the potential to 
offer new insights to science educotors within the students· conceptions 
field. The mojor of themes will be described in the next sections with 
the provision of o middle level perspective between the specificity of 
the single concept work ond the globol chorocter of the epistemologicol 
beliefs. This perspective in mothemotics educotion con be described os 
the systemoti zot ion of knowledge into o coherent ond self-reinforcing 
structure. It involves the students' strotegies for estoblishing 
procedures, for corrying out olgorithms, ond for working with symbolic 
representotions As o result, it represents o process-bosed reseorch 
thot cuts ocross concepts ond con be used to predict errors in o voriety 
of orenos. Its weokness is in its isolotion for its concepts; its strength 
is its generolity. 

Prt~cedttrol vs. CMceptttol Knt~wledge. A mojor issue in mothemotics 
educotion reseorch hos been on the relotionship between procedurol (or 
olgorithmic) ond conceptuol knowledge iJl mothemotics. Skemp ( 1980) 
hos contributed the concept of i nstrumento 1 ond re 1 ot i onol knowledge to 
the discussion, in which he suggested thot instrumentol knowledge 
dominotes the clossroom. Dovis, Jockusch ond McKnight ( 1978) hove 
creoted on el oborote i nformot ion processing grommor to describe the 
vori ety of processes required in the construction of mothemot i col 
thought ond in doing so, hove exomined in detoil the kinds of procedurol 
structures one would hove to develop to move fluently through olgebro. 
Although researchers bemoon the general tendency to overemphosize the 
proceduro 1 in mothemot i cs cl ossroom, there is i ncreosing evidence thot 
such facility must be gained through rnanipulotion, computotion or the 
use of tools to ollow students the freedom to consider the less 
occessible conceptuol issues. 
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S!JSiem8tfc Errors. In the widely-known work of Brown and Von Lehn (Von 
Lehn, 1960; 1963,) the terminology of slips, systemotic errors ond bugs 
ore introduced. In o 1960 paper, Von Lehn offers definitions of each A 
slip is on" unintentionol, coreless mistoke in thot o little extro core 
apparently makes them disappear "(p 6); a systematic error is "a testable 
prediction obout whot new problems o student will get wrong· (p. 6) ond 
o bug is defined as follows 

Once we look beyond what J:inds of exercises the student 
misses ond look ot the octuol onswers given, we find in 
mony coses that these answers con be precisely predicted 
by computing the onswers to the given prob 1 ems using o 
procedure which is o smoll perturbotion in the fine 
structure of the correct procedure. Such perturbations 
serve os o precise description of the errors. We coll them 
"bugs".(p7) 

In this some article, Von Lehn continues to explain how the 
bugs ore used within a lorger fromework which he colls "Repair 
Theory· Von Lehn wrote: 

Repoir Theory is bosed on the insight thot when a student 
gets stuck while executing his possibly incomplete 
subtroction procedure, he is unlikely to just Quit os a 
computer does when it can't execute the next step in a 
procedure. Instead the student wi 11 do o smoll amount of 
problem solving, just enough to get ·unstuck" and complete 
the subtroction problem. The locol problem solving 
strotegies ore colled "repoirs" despite the foct thot they 
rarely succeed in rec.tifying the broken procedure .... they 
result in o buggy progrom. (p9) 

The insight thot in humon beings, os opposed to computers, the 
progr8m mns despite bugs is a significant and often 
overlooked issue in misconceptions work. The point is thot the 
misconceptions con cause certain conceptual barriers in the 
learning of the concept; however, failure to work through these 
barriers does not necessarily result in termination of the 
ottempt to reach o goal The student will simply turn 

elsewhere in an effort to complete the task. 

However, it is also essential to stress that the work to dote on 
Buggy is not representative of misconceptions research. It is 
strictly at the procedural level, and as such, it foils to address 
some of the epi sterno logi col, 1 onguoge ond structurol questions 
raised within that tradition It is not about students· 
conceptions, only about the routines they use in attempting to 
complete arithmetical exercises. Were the researchers to 
embed these classes of problems into word problems, or to 
explore the underlying concepts such as place value, the 
conceptions of students would become on obvious foetor. This 
criticism will come as no surprise for the reseorchers, for they 
are candid in their reasons for selecting multidigit subtraction: 

The initial task chosen for investigation is ordinary 
multidigit subtroction. It: moin odvontoge, from o 
psychological point of view is that it is a virtually 
meaningless procedure. Mo·:.t elementary school students 
hove only a dim conceptions of the underlying semantics of 
subtraction, which ore rooted in the bose ten 
representot ion of numbers. When compared to the 
procedures they use to operate vending machines or play 
gomes. subtroction is os dry, formol ond disconnected from 
everyday interests as the nonsense syllables used in early 
psychological investigations were from real words. This 
isolation is the bone of teachers but a boon to the 
psychologist. It allows one to study o skill without 
bringing in o world's worth of associations (p20 I) 

In research with college students, Confrey and Lipton (1965) 
found that students' performance on relatively simple problems 
designed to elicit misconceptions could not be reliobly tied to 
those misconceptions They reported 

.. we thought of misconceptions as o system of beliefs 
which formed a relatively stable !'lnd internally consistent 
cognitive system. We expected misconceptions to be 
concept -specific and able to be onolyze.>d into prerequisite 
skills, definitions .. representations, re.>lated concepts and 



the use of language. Furthermore, we expected students to 
be highly confident of their onswers ond committed to 
them. Our dota showed that students often applied 
repetitive ond predlctoble foulty strotegies, but these 
locked the compelling noture or internol consistency of 
misconceptions. This suggested the more elementory 
notion of ~ystemotic errors. Systemotic error~; include the 
systematic (ond inoppropriote) oppJicotion of fomilior 
fragments of orguments. algorithms ond definitions 
without ony ottempt to 1ntegrote ocross representotionol 
systems. They ore common ocross students. ond permit 
11ccurote predictions of whot onswers students will give to 
o set of well-defined problems (p 40) 

The re Jotionship ond di sti ncti ons bet ween systemot i c errors ond 
misconceptions seems to be key in the pursuit of this work in 
mothemoti cs educot ion. Without o theoreti co I bose which 
relotes procedural ond conceptual knowledge in o woy which 
legitimizes both, no resolut1 to these issues seems possible. 

.Fromes Recent work by Do.,ns ( 1 980) on the concept of fromes 
seems to provide one ottempts to bridge the kind of systematic 
errors work with the work on misconceptions. In his poper, he 
distinguishes two kinds of mothemoticol ideos "thought 
processes thot ore essentially sequentiol ond consist of 'more 
primitive· steps" (p169) ond fre~mes. ··e specific 
informotion-representotion structure thet e person con build up 
in his or her memory end con subsequent! y retrieve from 
memory when it is needed "(p 170) After giving some exemples 
of fromes which include the Buggy work. the work of Metz in 
olgebro ond the Clement-Lochheod-Rosnick work. he offers o set 
of chorocterizotions of frornes. These ore 
I They serve os "essi mi let ion schemes for orgeni zing input 

do to. 
2.Their inner workings ere n?veeled by the error:. they produce 
3. The1.1 were "correct" in o more limited :;etl.ing. 
4 They dernond ce>rtoin 1nput Jnforrnotion end will not function 

correctly unless oll of this Jnput informetion is provJded 

5 Hle>y are pers1 st ent 
6 Their creetion end operotion follows orderly rule:; 

7. Their retrieval may be cued by brief, explicit, specific cues. 
8. For successful problem solvers much informot ion is not 

contoined in the problem statement 

There is o reosonob I e omount of si milority bet ween the concept 
of fromes ond the concept of misconceptions, enough to suggest 
thot this work, olthough it's re lot ions to o conceptuo I bosis ore 
locking, begins to postulote something more systemic thon o 
bug, but which hos o ploce for procedural competence. 

Constmctive Processes ond !1ot1Jemttticol AN!Jties In the 
Confrey ond Lipton ( 1985) work, o cell wos mode for the 
consideroti on of "constructive processes· in misconception 
reseorch. In this peper, the reseerchers reported thet students 
with systemotic errors olso locked confidence, did not 
reformulete the problem, hed difficulty describing their 
methods ond focused heovily on the onswer rother thon the 
process Generally .. the successful students engoged in onother 
constructive octivity when osked to review their solutions. The 
less successful students routinely reported their methods. 
Working with the obi 1 it ies of Krutetski i ( 1976), these 
reseorchers ore pursuing the obi 1 i ty to discern the 
mothemoticel structure in e problem, the obility to reverse, 
curtoil .. generolize ond the flexibility to work with multiple 
methods es the type of constructive processes they would 
expect to see with students who could successfully work 
through the Jure end oppeel of the problems designed to elicit 
misconceptions. 
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Programming Misconceptions 

Next to mathematics and science, studies of novices learning to 
program use the language of the misconceptions paradigm. 
Within this tradition, there are three emphases which seem 
partlcularlly useful In reconceptuallzlng misconceptions 
research: 
They are: 

1. an emphasis on planning as an anticipatory act, 
2. an examination of the activity of debugging, as a 

check and feedback mechanism; and 
3. a constant appraisal of the adequacy of the computer 

language Itself as a representational 
system for human cognition. 

An example of such work Is offered by Bonar and Soloway 
( 1982, 1985), Erllch,Soloway and Abbott ( 1982), Solway, Bonar 
and Ehrlich, ( 1983), Soloway, Ehrlich, Bonar and Greenspan 
( 1982) and Soloway, Lochhead, Clement,< 1985) who have 
examined novices errors In learning to program In Pascal. In 
their earlier research, the authors were focused on bugs and 
buggy procedures. LIke the researchers In science education, 
they believed that errors were Illuminating and wrote: "bugs and 
errors lllunlate what a novice Is actually thinking--providing us 
a window on the difficulties as they are experienced by the 
novice." 

One the Issues reported In this study Is that the students tend to 
bring to programming knowledge of their "natural language" (I.e. 
their first language> which could Interfere with the deflntlon of 
the terms In the programming language such as "WHILE". 
Interestingly enough, since programming languages have 
developed relatively recently and new ones are constantly under 
Invention, the authors recognize a constant potential for revision 
of the programming languages Itself. This Is In sharp contrast 
to mathematics, where revision of the language In response to 
user difficulty Is unlikely, especially when the users are 
students. Such a freedom to reconceptuallze the language Itself 
provides an Interesting challenge to mathematics and science 
researchers: It suggests they might consider altering the formal 

representational systems, which Is exactly what Is happening In 
the development of software In mathematics education. 

Finally, because there is a human- machine Interaction, I.e. a 
program can be planned, written, run and debugged over time, the 
progammlng researchers have devoted considerable attention to 
the problem solving process. Perkins, Hancock, Hobbs, Martin and 
Simmons ( 1985) studied high school students learning BASIC. 
They expected to call students· attention to the high level 
problem solving strategies required for managing the task. 
Instead they found specific management strategies In place 
which lnterferred, just as the preconceptions interfere In the 
correct performance on misconceptions tasks. They wrote: "far 
from being haphazard and unpatterned, many students' 
management of the task showed strong patterns that Interfere 
both with the Immediate programming problem and with 
learning." (p.6). These patterns Included disengagement from the 
task at the first sign of trouble, neglecting to track closely by 
following their own code, repairing haphazardly rather than 
systematically and experiencing difficulty breaking the problem 
down Into components. 

The reserchers at Yale, Soloway and colleagues< 1985), have 
shown their Intention to pursue problem solving as well by 
extending beyond patching strategies for bug generation Into an 
attempt to build a "process model" of novice program general I on. 
Through this, the authors hope to begin to explain w!Jy the 
students make bugs. Although the work Is only beglning, the 
authors offer an enticing statement of their expectations, 
"Instead of a single representation system and a powerful 
Inference method, numerous fragmented representations of 
knowledge and many weak problem solving strategies may be 
required." (p 1 ). 

Phase 3: Dredging and Channelling 

The final section of the paper Is devoted to exploring 
directions In which the research on students· conceptions might 
proceed. These directions will be drawn largely from the 



themes which emerged from the prior sect Ions, and from the 
suggestion that a cross-fertilization across the subject 
matters would prove desirable and worthwhile. 

A second Influence on this final section of the paper Is the 
theory of constructivism ( Confrey,c 1983); von 
Glaserfeld,( 1984); Steffe et au 1983); Cobb, < 1985)). 
Elsewhere, constructivists have argued that the teaching of 
subject matter is not the transmission of information about 
'the way things really are·, but that teaching Is the 
communication and development of knowledge that humans find 
useful and functional In making sense of experience and solving 
problems. If this position Is accepted, then misconceptions are 
not the result Incorrect portrayals of the way things are; they 
are not failed pictures of the world. 

If one rejects the Idea that misconceptions result from an 
Incorrect picture of reality, then the question Is left, what are 
misconceptions? In the previous sections, I have suggested 
that the research on students misconceptions has been 
successful In defining a variety of the Important issues on 
misconceptions: different symbol systems (including language 
and analogy), Interactions between observations and theories, 
historica I precedence, eplstemo logica I be 1 iefs, metacogni ttve 
awareness and the social construction of knowledge. I have 
suggested that the research in mathematics and computer 
programming has added to this the Issues of system at lc errors, 
frames, planning, debugging and the adaptive continuity keeping 
going. In the following sections, I will use these valuable 
Insights to redefine the conception of misconceptions under a 
constructivist perspective and suggest a variety or themes 
which might merit further Investigation. 

A most important issue for a constructivist is the rejection of 
knowledge of an external world; for a constructivist, we are 
captives of our constructions, yet by modelling and 
theory-building we develop effective ways of functioning 
effectively in the world. A relativistic and solipsistic position 
Is avoided by two forms of activity: self-reflection and 
communication with others. Through these two activities, we 

construct and coordinate a complex system of knowledge, and 
we evaluate It by reflection on Its power to explain our actions 
and the act Ions of others. 

Thus, a constructivist is bound to reject the external-Internal 
conflict as an adequate source or misconceptions; s/he would 
therefore revise both the definition or alternative frameworks 
quoted earlier by Driver and Erickson ( 1983) and such a 
statement as the one by Davis (1980) quoted below eliminating 
any appeal to an external reality to adjudicate among 
know ledge structures: 
"The main method is to show that certain human 
performances that seem, at first sight, as surprising 
or paradoxical actually become reasonable <or even 
predictable) when one assumes certain attributes of 
frames, assumes the existence of certain specific 
frames and applies systematic rules or Information 
processing. This kind of analysts usually works best 
when app I led to wrong answers, or to lnformat ion 
processing that has malfunctioned. There Is no 
mystery in this. When people agree on a correct 
answer, many explanations are possible, based 
primarily on external reality; but when people agree in 
giving an answer that Is wrong, or even grotesque, 
explanations must deal not only with the external 
reality that fails to support such an answer, but with 
the specific Internal Information processing that 
somehow produced 1t.p 170) 

A radical constructivist would dismiss the appeal to an external 
reality, though s/he would read11y support Davis's Intent. If one 
wants to know more about knowledge, Davis seems to argue, ask 
the people who claim to know and the student who is coming to 
know. These are the sources for determining what is knowledge, 
not the external world. 

The constructivist Is committed to the claim that knowledge Is 
both tentative and fallible In relation to Its level of 
functionality; situations and contexts change, hence the vlab1Jity 
of knowledge changes <von Glaserfeld, 1984). Always, knowledge 
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Is silent In relation to· the way things really are". Thus, the 
alternative for the constructivist Is to express clearly that all 
forms of human knowledge are our personal constructions and 
that the question at hand Is how does one coordinate, rank or 
reject and modify these constructs. 

Thus, the constructivist does not support the claim that all 
knowledge Is equally valid, certain, stable or supportable. Some 
knowledge claims are central and relatively stable (though not 
permanent> and others can be sacrificed rather easily. For the 
constructivist, a misconception Is Identified when a relatively 
stable and functional set of beliefs held by an Individual comes 
Into conflict with an alternative position held by the community 
of scholars, experts, and teachers as a whole. A misconception 
occurs when there Is evidence In what a student says or does 
that the Individual finds the stable belief system more 
attractive and functional than the alternative view which Is 
offered. Thus, to understand a students' misconception, 
erroroneous only from the perspective of the more Initiated, one 
needs to understand Its context, Its scope, structure and 
functionality from the perspective of the student. Thus, the 
decision on the part of some researchers to use the term, 
alternative conceptions, Is based on their desire to offer validity 
to the students' framework from the students' perspective. 

The Observer Is vou: Two Implications of renaming 
'misconceptions·, 'alternative conceptions· need consideration. 
The first Is a claim that an essential commitment must be held 
by the Interviewer to attempt to model the student, so that when 
a student gives an answer which appears to deviate from the 
widely-agreed upon notions, It will not be rejected out-of-hand, 
but explored as a crucial research event. Through these 
explorations, the Interviewer creates a model of how the student 
might be operating. This process Is, In a sense, giving an 
epistemological validity to the students' construction; a validity 
which seeks to define Its frame of reference,the bounds of the 
context, and Its Internal consistency. 

However, 1 believe that a distinction must be maintained 
epistemologically betweer. the personal validity of a construct 

and the public approoval which has been granted to lt. It Is a 
grave mistake to grant a students' work the same 
epistemological status as its granted to a conception supported 
by working mathematicians and scientists., just as it Is a 
mistake to rule out of hand that such status might ultimately be 
conferred. Students are very clever when you learn to listen to 
them, but the Ideas are often rough and underdeveloped. 

Thus, the term misconceptions can be misleading In that It 
connotes a negative Interpretation of error, when the only error 
might be a limited frame of reference beyond which the student 
has no experience. Alternatively, alternate conceptions 
frequently connotes a kind of relativism which Is unsatisfying In 
that It seems to ignore the legitimate authority of the 
disciplinary experts. Thus, It seems that there exists a frame of 
reference question, In which one needs to reposition the role of 
the observer. 

The observer, be It researcher or teacher, Is the one who Is 
evaluating whether a students' responses Indicate agreement 
with the community of experts. It Is from the perspective of the 
observer, that a students' conception might be labelled a 
misconception or a limited conception. Research results which 
seek to remove or hide the role of the Interviewer reinforce such 
confusion. We need to reinsert the observer Into the pattern of 
communication, stressing that It Is from his or her perspective 
that a response seems deviant. Thus, by specifying the 
perspective and the frame of reference, one can describe one's 
model of a students' active system of beliefs. 

The Role of the Discrepancy: It is perhaps useful to remind 
ourselves that discrepancy plays a key role in communication. 
Watzlawick( 1976) and others have documented that 
conversation, of which an interview Is one form, often continues 
on the assumption of shared understanding. When an exchange 
becomes problematic suddenly, It can turn out that the 
assumption of shared understanding was in error Interviews are 
largely dependent on these occurences to assist in model 
building. Often we can find ourselves more certain about those 
interuptlons than about the unscrutlnlzed exchanges. Thus, our 



picture of a communication Is often created first through the 
shading, and the form emerges. If this Is so for the interview, 
then the discrepant result holds a position of Influence In our 
work which needs to be considered. 

Autonomy and Engagement: Another fundamental issue In the 
redefinition of this research is the emphasis on the autonomy of 
the student. Numerous studies have documented the tendency, 
often endorsed and exacerbated by schooling, of students to give 
up their authority and responsibility for their own learning. In 
such situations, the search for students· conceptions (limited or 
alternative> will be lost in the flood of fragments of rules, 
procedures, assertions, shifts In opinions and general lack of 
engagement. Documenting these weak and fragmented pieces of 
memorized and performed routines will not assist one in 
understanding how concepts are formed, though they may be 
essential to understanding schooling as It now exists. As a 
result, researchers must create circumstances In which the 
student Is engaged, does trust the Interviewer and Is engaged In 
learning the concept, or perhaps reject the assumptions that 
robust conceptions are primarily responsible for poor 
performance. One such option Is to conduct teaching experiments 
or teaching Interviews In which the student works with the 
interviewer over significant periods of time on the concept at 
hand. 

Mathematics Evolved from Actions 

Thus, for a constructivist, all the mental material of 
constructions: from the relatively stable and agreed upon content 
of an observation as a single event located In space and time to 
the abstractness of a theory or a symbol system, is the result of 
human actlvity. It is built from our previous experiences and 
serves an Important purpose in ordering and allowing for 
prediction of future events. In a person's experience, 
constructions have been created to meet personal demands and 
needs and they are maintained If they function successfully. An 
essential part of maintaining a construct Is assessing how well 
It allows us to communicate to others, so that construction Is 

not a solitary affair. 

This Idea suggests that mathematics Is not Isolated from 
humanity, and that It Is essentially abstracted, not from things, 
but from act Ions. As was pointed out by philosophers of 
mathematics, the threeness In three apples Is not a property like 
their redness. It Is not a property of the apples at aiL It Is the 
repeated action of pointing and naming known as counting which 
establishes the threeness. Human activities, ordering, counting, 
comparing, sharing, transforming, sorting and relating are the 
basis for the development of mathematical ideas. As Hermalne 
Sinclair( 1987) explained: 
The children pull little bits of cottonwool from a big ball until It 
Is reduced to manu tiny flecks. They carefull observe the way 
the cottonwool stretches and then breaks. Then they make them 
stick together again; and start all over .... It does not seem too 
audacious to see In these activities the very beginnings of 
counting and measuring. (p34.) 

However, an action Is not a piece of mathematics. A repeated, 
Intentional action, a pattern of activity, a routine begins to 
form the basis of the construction of mathematics. When that 
action becomes abstracted, when It can be described and 
separated from the objects on which It Is conducted, It begins 
to be mathematical. When the mathematics can be reflected 
upon and described, It can then become itself a type of object: a 
mathematical object, timeless and spaceless in that It is a 
potential action, a possib11ity. But it is an object In that It has 
an agreed-upon name, a function and by "objectifying" it 
<Confrey, 1985) It can be scrutinized In itself. Von Forester 
< 1984) in Observing Systems wrote, "objects and events are not 
primitive experiences. Objects and events are representations 
of relations."(p261 ). 

For example, the concept of slope In mathematics requires that 
one compare two distances, the change in the ordinate and the 
change In the abscissa. Although we speak in mathematics of 
slope as a conceptual object, it is only an object in that It is a 
codified action, that of constructing measures, comparing those 
measures to create a measure of change and then dividing those 
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changes to create a ratio and Interpreting It through a system of 
ratios. In mathematics, each concept can be described as such 
an action on other concepts. 

Working from the abilities proposed by Krutetskii ( 1986l, I 
would propose that a set of constructive processes be developed 
which were on a continuum from actions to produce procedures 
and skills consistently to actions which will promote 
conceptual development. Briefly, I would propose that skills 
such as pat tern recognition, curta! lment and reversibility are 
required for the formation of the procedures, and that 
generalization, identification of variables, abstraction, 
particularization, flexibility and elegance represent some of the 
constructive processes for conceptual development 

How does this conception of the relationship of acting and 
knowing relate to the second phase or students' conceptions 
research? It suggests that the relationship between experience 
and formal knowledge is artificially broad. I suggests that the 
roots of concepts which lie in human activity need to be drawn 
more explicitly, and to do so would lessen the separation 
between formal and Informal knowledge Informal knowledge Is 
often embedded in act1on; formal knowledge Is often abstracted 
from lt. It suggests that this is the case for mathematics as It 
is for science due in part to an emphasis on the functionality of 
concepts. 

It further suggests that cultural influences on the development 
of concepts from activity would be expected in different 
settings, contexts and cultures. A child's activity, labelled 
"play" differs qualitatively from adults Their mathematics 
might vary similarly. Across cultures as well you would expect 
differences in forms of human activity and their mathematics 
might evolve differently as well. Fmally, it suggests that the 
similarity of the knowledge might evolve from the Similarity of 
basic human needs. 

Coordination of Multiple RepresentatIons 

If single actions and reflections on thOse actions constituted the 

entire picture, mathematics would be limited Indeed, and the 
exquisite structures and complexities of mathematical and 
scientific knowledge would not have evolved. If knowledge Is not 
an increasingly better picture or the world, one might ask from 
where the impetus for progress in science and mathematics 
comes. Part of that impetus comes from the activity of 
coordinating these reflective abstractions of actions, which I 
will call representations. A representation will not refer to that 
which represents the way things really are. A representation will 
mean a system of operating which Involves a set of codified, 
objectified actions, and a language or symbol system for 
communicating about them. 

Much of what evolves Into knowledge then Involves coordinating 
and moving among representations For instance, If one 
Investigates the concept of function, one needs to examine how 
students can use the multiple representations of tables, graphs 
and equations to solve problems This coordination of systems is 
what promotes the stability of mathematics, for In the absence of 
an appeal to reality, convergence among systems of 
representation functions effectively. 

Thus, I wIll suggest that In the third phase of students' 
conceptions research, the issue is one of how students coordinate 
their representations and how they choose among them In 
competing circumstances. Vinner·s work on concept images fell 
Into this category. In a recent paper, Vlnner and Davis ( 1985) 
suggest that " ... partIally equivalent terms to 'concept images· are 
'frames· by Davis ( 1984) and ·students· alternative frameworks' by 
Driver and Easley ( 1978)."(p.2l. Dlcessa,( 1979) anticipated this 
emphasis on multiple representations In his 1978 paper In 
Cognitive Process Instruction. Recently, the work of Schwartz 
( 1987) and Kaput( 1987) and Thompson and Thompson, ( 1987) In 
designing software to coordinate the use of the algebraic and 
graphical representations seems to recognize the Importance of 
this idea. Schuster's research on students· difficulties with 
various representations, graphs, tables, diagrams, etc. shows the 
promise In this area. The work of Confrey and colleagues ( 1987) 
at Cornell University teaching precalculus students to move 
flexibly among multiple representations represents this 



perspective as we 11. 

Connecting this Idea wlth the research In the second phrase 
proves useful as well. This suggests that another source for 
limited or alternative conceptions Is In the Interplay between 
representational systems Language Is a key representational 
system, Its place In our educational system Is as the glue which 
joins other systems, through it Is Itself a system. Thus, the 
emphasis on the meaning of words across systems, natural 
language systems and formal systems (mathematical, progammlng 
etc.) Is a likely source of tension and Insight. The work done on 
the structure of conceptual systems will need expansion as each 
concept can Itself be modelled as a system, an embeddedness that 
needs no escape. Finally, It suggests that the decision making 
process of dec lphering which representat lona 1 system to use, 
when to abandon It, how to coordinate convergence findings, how 
to resolve conflicting ones, will give rise to the very 
epistemological Issues raised In the prior sections. 

What's Missing: The Problem. A area which has been Inadequately 
addressed In the second phrase of research Is the question: what 
Is a problem? In a talk on problem solving, I suggested a problem 
Is a "roadblock to where you want to be." Researchers on 
students· conceptions have been brlllant at writing Interesting 
problems; little analysts or description of the role of the 
problems In research has been forthcoming. In mathematics, It Is 
clear that the problem plays to key role both In the evolution of 
the discipline and In the conduct of classrooms. 

Researchers rely on problems to create the Impetus for the 
Interview; they target problem difficulty to challenge students 
without frustrating them Into inaction; they embed problems with 
the possibility of multiple pursuits and they attempt to evoke the 
errors or misconceptions they seek to examine. 

Since much of human·s activity of "noticing" begins when there Is 
a perturbation In the otherwise constant flow of stimulation 
(vonForester,l984) one might consider if the problem acts as 
such a perturbatIon In cognlt tve activity. Successfully creat log a 
perturbation, a sense In a student that here Is something to work 

on, to attempt to resolve or make sense of, seems to be a key act 
In the research on students' concept I on and In educatIon more 

generally. 

A distinction needs to be drawn parallel to the distinction about 
the assessment of the conception. Just as a conception needs 
specification of perspective, so does the problem. What Is 
written on the paper may be called the problem, but to assume 
that a student Is working on the same issue as a researcher or 
teacher has been shown repeatedly to be unsupportable. To 
distinguish, the word pro/Jiematic can be used to refer to the 
students' meaning and the word problem can refer to the 
particular public form, written, verbal utterances, experimental, 
of the problem. Often the problematic the student undertakes has 
little academic substance; It may be "how do I finish this · 
problem and get outside"? or "what Is It that It desired by the 
book, researcher or teacher?" 

Cycles of Expectation ana Reconstruction 

A final piece of the puzzle comes from the Insight of Brown and 
van Lehn, that the program continues to run In human beings, 
where It often halts on a computer. This suggests that there Is a 
cyclic quality to human problem solving, and strategy which 
allows continuation and resists stoppage. This Insight, combined 
with the pervasive Influence of Polya on problem solving leads 
me to suggest a model for the construction of concepts. 

I suggest that a student begins with a problematic, their 
Interpretation of a problem. Since a problematic Involves a 
desire to resolve It or to bypass the roadblock, It creates a 
"situation for action· (Brousseau, 1983) When the Individual acts 
to solve the problem, s/he may draw upon existing knowledge, 
representations and experience; before these actions can be 
accorded the label of knowledge they must be are organized by us 
through the use of representational systems which allow us to 
reflect on our Ideas and to communicate with others. Our 
actions become "objectified" through the use of these systems 
and through their coordinations. Such activity Is useful and 
essential In forming concepts and In routinizing and automatizing 

99 



100 
procedures. 

Part of the function of the activity of reflection Is to judge If the 
problemmat1c has been resolved. It Is un11kely that any 
significant Insight will be gained by a single action or reflection. 
The model has been used to analyze Interview transcripts, 
(Confrey, 1987), the resolution of Interesting problems typically 
took a number of passes. 

The cycle below serves to capture this cyc11c activity: 

Reflection 
Represent at tons 

The Problematic 

~Action and the 
Coordination of 

A Recooceptuallzatioo of Misconceptions 

Given this cyclic model, 1 wish to make the fundamental claim of 
the paper, a limited student conception does not require the 
postulation of a Inadequate "picture· of the world; It does 
require that a set of beliefs hasve been developed which 
allowthe student to establish a problematic, act on It to 
attempt to solve the problematic and to reflect back on the 
action and coordination of representations to create a new 
object/tool for future activity because of their success In 
resolving the problematic.. When that set of beliefs appears 
discrepant from those. which are widely held, and when the 
Interviewer or teacher can specify the boundaries of the context 
In which they are functional, then the student has a limited 
conception from the perspective of the expert 
Possible sources for the limited conceptions include: an 
artlfically distinct separation of concepts from actions, a 
conflict between systems of representations or a set of 
epistemological beliefs which overemphasize the claim that 
knowledge Is absolute, unchanging and external to human beings. 

ln research on students' conceptions, this claim suggests that In 

future research, 
I. contexts must be created where students are encouraged to 
engage with the concept at a deep level, perhaps through teaching 
experiments, 
2. the role of interviewer as modeller and Interventionist must 
be considered In the conduct, analysts and presentation of 
results; 
3. an attempt must be made to create problems which produce 
substantively defined problematics for the interviewee and the 
Interviewer must spend considerable effort gaining evidence of 
the students' problematlcs; 
4. Interviewers must encourage student autonomy; 
5. as the student acts, Interviewers must seek alternative 
systems of representation to which the student appeals and 
consider their functioning, their relative Importance and their 
places of conflict; 
6. a significant portion of the Interview might be devoted to 
reflecting back on what the student perceives has occurred. 

These suggestions are offered In addition to the Ideas suggested 
In phase two, not as substitutes. The attention to language, the 
consideration of cross-cultural, or within cultural, cross-gender 
differences, the historical analysts, the structural relations all 
complement these further pieces of advice. Students' 
conceptions research has proven Itself to be a healthy and 
provocative tradition of research with a future which promises 
to be encouraging. 
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THE COMPUtEK IN CREATIVE MATHEMATICS 

Madeleine F. Coutant, Ed.D. 
American Association for Gift~d Childr~~ 

Laurens, N~w Y0r~. 

D o u g l a s P a r s o n s , >1 . S . 
Mathemdtics and Compucer Science 

Oneonta High School 
Oneont~, N~w York. 

As ec1L,L:<:.tiun has e.xpanded to include all the c:hildr0n, 

it has conceEtrated on basic Jrnowledge needed by all people 

and, inevitably, the special interests and abilities of 

gifted and talented children were not served. This pro

ject, "The Computer in Creative Mathematics," is one of many 

attempts made by many people through many years to provide 

a more equitable curriculum. 

We ~lan a longitudinal experiment of at least five 

years. We have completed three trials: 10 weeks in each 

year, 1985, 1986, 1987, with a different group of students 

each year. 

Underlying the project are a number of beliefs and 

assumptions related to the education of the gifted and 

talented. As we designed this project we have tried to 

implement these beliefs for the purpose of challenging and 

encouraging our youth. 

We believe: 

• Many potential talents lie dormant, unsuspected and 

undeveloped in many people; the human brain is being 

only partially used. 

* Giftedness is often highly specialized; a person gifted 

in poetry may not be gifted in mathematics, a gifted 

mathematician may not be a gifted artist. 

• To locate gifted persons, we must cast our nets widely 

in unlikely as well as likely places - a democratic 

principle which gains the support of the public. 

• Students gifted in mathematics thinking can grasp 

meanings and concepts and can create new ones. 

• The persons most likely to detect giftedness and to pro
vide for its development are the masters in each field. 

In this project, mathematics teachers, very familiar with 

all their students, selected those students able to con

ceptualize and likely to be creative. 

• Appropriate opportunities must be provided to allow 

talents to come to the surface. 

• The computer and LOGO are among the provisions that can 

assist mathematical thinking because they allow rapid 

calculation and great flexibility in thought. 

The importance of pre-college preparation for careers in 

science and engineering is just beginning to be appreciated. 

The present need of the country for technical personnel has 

brought it to our attention. The Japanese have excelled in 

transformcing our ideas and our designs into usefUl products 

because of our relative weakness in engineering. Erick 

Block, Director of the National Science Foundation, 

expressed this concern in the February 6, 1987, issue of 

Science (p. 621) when he includes "better pre-college 

preparation" among "the approaches we need to employ." 

This current project, The Canputer in Creative 

Mathematics, represents an educational strategy which may 

prove valuable in pre-college preparation. The objective of 

this project is to determine if students, when provided with 

a special "liberating" learning environment, can leave "the 

beaten paths" of the traditional branches of mathematics and 

discover lines of thought that they have not been taught. 

The first need was to develop a theoretical framework for an 

instructional process that would nurture creativity. 

PIAGETIAN LEARN~ 

The educational philosophy underlying this project is 

largely that of Jean Piaget, renowned child psychologist, 

International Center for Genetic Epistemology, University of 

Geneva, Geneva, SWitzer land. 
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He studied how children think. He found that they 

learn by doing and thinking about what they do. He 

discovered that intellectual development does not always 

need explicit teaching, that vast amounts of learning happen 

without being taught. He observed that knowing (cognition) 

during child development can precede sufficient command of 

language to express what is known. This concept provides 

for intuition and insight. 

Piaget indicated also that children need the liberty to 

free their ideas. Consequently, they should be allowed to 

direct same of their learning. This learner-directed 

process, especially necessary for the gifted, gives freedom 

to their imagination, a chance to make their minds work, and 

a challenge to their greatest ability. Accordingly, 

students must be encouraged to "rorrp creatively" (19 p. 178) 

with mathematical ideas and to follow their own intuition 

and insights. 

Piaget introduced the new constructivist theory of the 

development of knowledge, essentially the interaction 

between the student and new information which he integrates 

into existing knowledge to form a new structure. In 1977 

Piaget said his current research was dealing with the 

"opening up of new possibilities ••• the way in which an 

action, an operation, or a structure acquired by the child 

generates new possibilities." (24 p. 350) Integration 

involves many functional mechanisms including assimilation

aocammodation, equilibration, reflective abstraction

constructive generalizations, differentiation and inte

gration of sub-systems. 

The new structure presents new possibilities, and
1
every 

possibility generates new ones." (24 p. 350) The student 

constructs from what he thinks and what actually happens in 

reality. As this process of construction is repeated, an 
ever-wider range of possibilities can be envisaged. Dis-

coveries can originate from this interaction, the result 

varying according to the competence and diligence of the 

student in the creation of new structures and new forms of 

organization, and the ability to invent the vocabulary to 

express the new ideas. 

OUr current project is based upon the potential for 

creativity in this theory and upon the fact that 

constructive generalization is thought to be the main 

mechanism of progress in mathematics. ( 13 p. 337) We are 

observing whether the same pattern of interaction between 

high school students and mathematics prevails as it does 

between infants and the environment. The levels of 

abstraction and the types of concepts among high school 

students may be different from those among elementary 

children but Piaget has observed there is an increase with 

age in the number of possibilities perceived. (24 p. 350) 

However, many mechanisms are conmon to both age levels. 

INTUITION AND INSIGHT 

Alfred Bork indicates that intuition can be built, that 

the goal of education goes beyond "manipulative skills" to 

"understanding intuitively critical probleJIE~ or needed 

directions of advance." (4 p. 69) He says that the 

intuition we develop in everyday life comes from the rich 

collection of phenomena we experience. Thus, whenever 

students can greatly increase and control their experiences 

they build intuition and open the door to a world of 

insights. Seymour Papert, mathematician at Massachusetts 

Institute of Technology, in an interview with Carlos Vidal 

Greth in 1983, expressed the belief that a "COJiputer poet" 

could "touch on the deeper non-logical dimensions of self 

and the personal aesthetic." (11 p. 24) 

However, this is not to say that teachers and resources 

are not needed. For a learner to direct his own learning 

poses other problems. He needs the help of a teacher who is 

a specialist in D'Oti vat ion and creativeness. In fact, the 

teacher is the key to success in non-authoritative 

instruction. He must have sensitivity and the 'light touch" 

of the artist, !mowing just when and how to make 



suggestions without diverting the student's own ideas. 

Also, the student should have access to scholars and to the 

most up-to-date knowledge in the field he is investigating. 

The "!iterating" climate in which the instruction takes 

place is most important. l\cceptance, encouragerrent and joy 

in learning appear to produce the environment in which 

intuition, insights and creativity thrive. 

USE OF TiiE COMPIJI'ER 

Once a sound educational theory is adopted the need is 

to apply it to the learning environment. Most fortunately, 

the computer is now available to assist the learner

directed process in more than a super-sliderule capacity. 

It is especially helpful in the study of mathematics because 

of its great speed in doing calculations and its ability to 

make graphical representations. A whole universe of ideas 

becomes available and the computer allows the learner to 

interact with them. 

The methodology to implement the philosophy of this 

project and to develop the "!iterating" climate is largely 

that of Seymour Papert. He became interested in the 

learning activities of young children and the use of the 

computer in their education. He worked with Piaget in 

France for five years. As a result he has combined child 

development theory with knowledge of both mathematics and 

computers and has devised a method of teaching mathematical 

thinking to young children, teaching them to "mathematize." 

(19 p. 194) He developed the computer programming language 

LOGO expressly for teaching children mathematics. LOGO is 

primarily symbolic and secondarily quantitative. It lends 

itself especially well to creativity. Papert says that LOGO 

is "simple enough for a five-year-old" and "sophisticated 

enough for a computer scientist." (11 p. 22) 

LOGO is designed to contain state-of-the-art artificial 

intelligence concepts such as list processing and recursion. 

It is a computer language that allows students to start at 

their own level and yet explore to the limits of their 

imagination and satisfy their creative desires. 
According to Donald A. Norman of the University of 

California at San Diego, "ux;o has the virtue of 

cleanliness, and simplicity combined with elegance and 

computing power. It is a teaching device .•. worthy of 

continued experimentation and evaluation." (17 p. 226) It 

has been made available only recently. How successful it 

will be is yet tote determined. 

Computer-related technology makes it possible for a 

student to redefine terms, redesign procedures and tap the 

new depths of his thought. The computer can te used to add 

new degrees of freedom to what children learn and how they 

learn it. Its magic involves creation of new visions of old 

things. Papert says "the possibilities are endless •.. there 

are small discoveries" and "perhaps learning to make small 

discoveries puts one more surely on a path to make big ones ••. :• 

( 19 p. 190) 

Papert says "when 'discovery' means discovery this is 

wonderful •.. " (19 p.178) He uses the word in its true 

dictionary meaning, It is not to be confused with 

the "Discovery Method" in which the "teacher" has perfected 

a series of questions that lead the class to "discover" a 

predetermined result desired by the teacher. 

A fundamental problem in creative mathematical 

education is enabling the student to identify and name the 

new concepts and to discuss his mathematical thoughts in a 

clear articulate way. LOGO helps develop the vocabulary 

necessary for articulate discussion. Papert thinks that in 

teaching mathematics one should concentrate on teaching 

concepts and terminology which will enable children to 

articulate about the process of developing a mathematical 

analysis. He states "the possibilities for original minor 

discoveries are great" ( 19 p. 190) when using LOGO to 

describe one's own ideas. 

Also, Papert has added another dimension to Piaget's 

ideas. Papert has "expanded beyond Piaget's cognitive 

109 



110 
emphasis to include a concern with the affective. It 

develops a new perspective for education research found in 

creating the conditions under which intellectual models will 

take root ... feeling, love, as well as understanding ..• " (20 

p.VII) He writes that the critical factor is the relative 

poverty of the culture. (20 p. 7) He urges "creating 

conditions for the emergence of computer poets." (11 p. 24) 

He says "I use the canputer in the same way a poet uses 

words, to touch on intimate and individual aspects of life. 

( 11 p. 24) 

THE PROJECT 

Piaget himself pointed out that the heart-breaking 

difficulty in pedagogy, as indeed in medicine and in many 

other branches of knowledge that partake at the same time of 

art and science, is, in fact, that the best methods are also 

the 100st difficult ones. As we considered the preceding 

theories and the applications of Papert's ideas in the 

elementary school, my colleague, Douglas Parsons, agreed to 

conduct a similar project with a group of high school 

students in Oneonta, New York. Our task was to create an 

environment in which the discoveries were likely to 

occur, to reduce the "poverty of the culture." (20 p. 7) To 

insure the best possible project we consulted authorities on 

Piaget, LOGO, mathematics,and education. 

We chose to explore in the mathematics area because it 

depends almost exclusively on brain power and the resources 

within one's self. Daniel E.Koshland Jr., editor of 

Science, referred to "programs that need only time for 

thinking, like sane mathematics" (15 p. 589) in contrast 

to those that need expensive hardware. 

We planned to follow what I consider the democratic, as 

opposed to the elite, procedure for eliciting and developing 

the gifts and talents in all children: "interest, 

opportunity and performance" (5 pp. 142-144). As John Hersey 

observed, "the value of each individual to a democratic 

society lies precisely in his uniqueness ••• ~ (12 p. 13). 

Conse~uently, we are advised to "cast your nets widely in 

unlikely as well as likely places." (3 p. 18) 

The students invited to enter the project were high 

school juniors and seniors who had had the traditional 

courses in mathematics and had learned to use canputers with 

the BASIC language. The students had been observed by their 

teachers to have one special ability in common: the ability 

to develop mathematical concepts. Krutetskii, a Russian 

psychologist, referred to these extraordinary gifted 

youngsters with a "mathematical cast of mind" who need a 

very special experience to develop these special talents to 

their fullest. (10 p. 7) Those students who accepted our 

invitation were enthusiastic about participating and felt 

it was a great opportunity to follow their interests. 

All students had access to IBM PC canputers, not only 

during class but also after school, evenings, and weekends. 

The computers were used as tools to assist in testing their 

ideas, to increase the speed of calculations, to plot graphs 

of mathematical concepts, to control physical processes 

toward definite goals, and, by means of LOGO, to articulate 

their ideas and observations. 

Students who were already interested in specific 

problems were encouraged and assisted in pursuing their 

solutions. For the other students, new ideas in mathematics 

were introduced such as trying functions other than 

quadratics in factoring, and trying Penrose tiling to create 

new designs. Whenever language or symbols to adequately 

express their insights did not appear to exist, students 

were urged to invent them. This skill is particularly 

needed by students gifted in mathematical thinking. 

EVALUATION 

At the World Conference for Gifted and Talented Children 

in Hamburg, Germany in 1985 we became interested in the 

Model for Intellectual Productivity of Dr. J. J. Gallagher 

(copy attached). He presents six key factors, their inter

action and relative importance. In using the chart to 



improve our project, we find we are already stressing the 

two IOOSt important factors: ability to master abstract 

systems 30-50% and opportunities for talent development 

10-20X.. The remaining four factors are psychological and 

sociological and we are considering supplementing the 

project in these areas. For exallllle, we need a way to deal 

with frustration when the development of an idea seems to 

reach an impasse. In Dr. Gallagher's chart it is listed as 

"Self-confidence in Envirorunental Understanding and Mastery." 

Having designed our project to nurture creativity we 

needed ways to detect it. We decided to examine the daily 

logs of the students for Polya's "Signs of Progress." (25 

pp. 178-190) These signs need not be complete proofs but 

rather plausible suggestions, analogies, and implications of 

new information. For example, finding an additional factor 

that influences a situation and integrating it into the 

solution of the problem may be "properly felt as progress, 

as a step forward." (25 p. 182) Even though that solution 

still needs to be tested and proved, it suggests a direction 

in which the answer may possibly be found. 

we selected criteria by which the performance of the 

students and the results of the project would be judged: 

1. Have the students learned how to use a second 

computer ( Iffoi) ? 

2. Have they learned a second computer language 

(I.CGO)? 

3. Have they learned to "mathematize" as opposed to 

manipulating a set of formula symbols and/or figures 

according to a set of computational rules? Are they better 

able to grasp the whole situation as opposed to calculating 

parts? 

4. Has the experience in the project enabled them to 

see their own thinking processes more clearly, to be more 

critical of them and more constructive in taking the next 

step? (22 p. 141) 

5. Have they learned their "skill for coping" (22 p. 

145) by spotting issues and separating the relevant from the 

irrelevant in a situation? 

6. Have any new ideas "just popped into" their heads? 

(22 p. 139) Did any learning just happen? Has there been 

any evidence of intuition or "non-logical dimensions?" (11 

p. 24) 

7. Have the students added anything of their own to 

the data base? Have they related parts of the data base to 

each other in new ways? Have they felt free to explore 

their own ideas? 

B. Are there any evidences of affective learning? 

emotional or aesthetic involvement? fanciful or playful 

purposes? "feeling, love as well as understanding?" ( 20 p. 

VIII) 

9. Have they made any "small discoveries," defined as 

ideas, lines of thought or facts not previously known to the 

student," in mathematics, education or other fields? 

10. Have any of the students made "significant 

discoveries:" actually new knowledge not previously known 

in mathematics, education or other fields? 

CONCLUSION - A HOPE AND A CHALLENGE 

Papert states "the computer has brought us the 

technological infrastructure that can make possible a real 

intervention in the learning environment." (19 p. 202) He 

believes it can even "touch deeper, non-logical dimensions 

of self and the personal aesthetic." ( 11 p. 24) He 

expresses the hope that we "can make the most of it." ( 19 p. 

202) In this project we are trying. 

PROGRESS OF THE PROJECT 

Evaluating our progress against the procedure, 

"interest, opportunity, performance " we note 

the following findings: 

SPECIAL INTERESTS OF S'IUDEm'S 

In evaluation of the project over three years, there 

is a question whether our scope in regard to potential 
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mathematical talent is too limited. We have chosen 

interested, able students but only those who have already 

taken the mathematics courses. We are "casting our nets" 

only in the likely, not the unlikely places. Perhaps, in 

another project or in an expansion of this one, we should 

explore interests of ~students with a whole class, 

perhaps all seniors or all juniors or even lower classes. 

Beatrice King in "The Educating of the Gifted Child in 

Bulgaria" observed that "in Bulgaria the concern is not with 

~ to detect talent and ability, but with the provision of 

opportunities for talent and ability to show themselves, 

with the creation of demand - situations that will call 

forth talent." (14 pp. 241-254) 

We in the United States have been overly concerned with 

the selection of gifted students and not sufficiently 

concerned with the opportunities to "show themselves" except 

with athletes. Each culture gets the talent it values JIOSt. 

apparently, this country with its "poverty of the culture" 

does not yet value the contributions to society the gifted 

and talented can make. Consequently, we are resistant to 

providing inspiring situations which serve the interests of 

children and "call forth latent talent." 

OPPOim.JNITIES 

As for opportunities for the students selected, we have 

provided the teacher, the c:x:mputer room, one period with 

access to the COJiput.ers within each school day, and one 

period a week for the students to meet, exchange ideas and 

brain-storm. 

We have indicated that the teacher is key to the 

success in non-authoritative instruction. In my opinion, my 

CXllleague, Mr. Parsons, is adept in this difficult role. 

Just what do you tell the students? When do you tell it? 

If you tell them your objectives, will they as usual try to 

please the teacher? If you help them with ideas, will they 

ignore their own? If you do not help them, will they 
flounder and became discouraged for lack of one bit of 

knowledge the teacher could easily supply? 

sorre 

Mr. Parsons still found it was good to teach the group 

basic skills in the usual way: list processing, 

recursion, graphics, and other means in l030. He used good 

models and problem-solving methods but the students 

proceeded largely on their own - finding and exploring 

possibilities that interested them. 

Unfortunately, we have not yet been able to supplement 

the teacher with mentors who have expertise in various 

branches of mathematics and can work with individual 

students. 

Finding an interesting question one wants to pursue 

seems to be the JIOSt difficult problem. The choice should 

be based on the student's own curiosity. Assistance by the 

teacher may be necessary at this point. The students can be 

encouraged to reflect on the math courses they have 

previously studied to see if they questioned or wondered 

about anything there. Mathematical issues mentioned in the 

current articles such as randomized response can be brought 

to their attention. A brain-storming session can be held in 

lffiich all students suggest questions that intrigue them. 

Another problem is the difficulty of freeing one's self 

from present knowledge and handling it so it aids rather 

than hinders new ideas. One girl said she had difficulty 

thinking other than with the calculus she had already 

learned. 

Also, the project each year takes place only 10 weeks 

during the last quarter. It is the least desirable quarter 

because of end~f-year activities. However, it is the only 

time presently available in the school schedule. 

PERFORMANCE 

In evaluating performance, we have Mr. Parsons' opinion 

based on his daily work with students and his tests. In 

addition, we have a very valuable log for each student in 

which he records his procedures and thoughts each day. Mr • 

Parsons and I read these very carefully looking for signs 



that the objectives were reached including especially 

unusual ideas and "discoveries." 

A caveat in judging performance is to beware of the 

tendency of students to do whatever pleases the teacher and 

to "finish" a project as apposed to carrying an an open

ended investigation. 

In all phases of this project we value the judgment of 

experts an the performance of each student. 

NEW DIRECTIONS 

Every good experiment suggests further investigation. 

Some of the directions this project has already indicated 

are: 

Can metacognition, awareness of one's own thinking 

processes be improved so as to lead to more original ideas? 

Can curriculum changes be made to provide more time for 

the development of the unusual talents of each student? 

Haw can we find experts as mentors who will help 

students interested in their specific fields? 

Haw can we discover the "mathematical cast of mind" 

when it is existing in a latent state within an individual? 

What incentives can we introduce to motivate students 

to enjoy thinking and doing original work? 

If creativity is being stimulated in our project, are 

the students transferring it to their other subjects and 

activities? 

What traits and skills are desirable in teachers of the 

gifted? 

l. 

2. 

3. 

4. 

5. 

6. 
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FIGURE 1 

M:>DEL FOR Im.'EI.LECTUAL PRODUCTIVITY 

INTELLECIUAL 

PRODUCTIVITY (f) (A) (B) (C) (D) (E) )F) ... 

(AB) )BC) •••• h) 

ESTIMATED VARIANCE 

KEY FACTORS CONI'RIBUI'ION 

A= ABILITY TO MASTER ABSTRACI' SYsrEMS 

B= OPPORTUNITIES FOR TAI.J:NT DEVELOPMENT 

C= PARENTAL ENCOURAGEMENT OF TAI.J:NT 

D==: SELF -CONFIDENCE IN ENVIRONMENTAL 

(30-50%) 

(10-20%) 

(10-15%) 

UNDERSTANDir-.G AND MASTERY ( 10-15%) 

E= SUBCULTURE APPROVAL OF INTEILECruAL 

ACTIVITIES ( 5-10%) 

F= PEER INFLUENCES ( 5-10%) 

AB,BC 

E'I'C. = INI'ERACI'ION OF KEY FACTORS (15-25%) 

Note: From J. J. Gallagher, 1983, August, The conser

vation of intellectual resources, Presidential Address 

presented at the Sixth World Conference on the Gifted and 

Talented, Hamburg, West Germany. 

PREFACE 

The computer's aiding in the identification of and 

providing a vehicle for the special interests and abilities 

of gifted arrl talented children is being explored in this 

project, "Tile catp.lter in Creative Mathematics." Utilizing 

a non-traditional learning environment, ~ "language" 

designed to be used within that environment, arrl students 

chosen fran regular C'OITpllter science classes, we are 

attempting to provide such a vehicle. 

We are presently completing the third year of a five 

year study of this exciting concept. This is only a 

synopsis of a much longer paper. The complete paper can be 

obtained by contacting: 

'lHE VEHICLE 

Douglas L. Parsons 

oneonta Senior High School 

Oneonta, New York 13820 

It is no easy task in many high schools to offer 

students an alternative to the traditional course content 

for ten weeks, to provide them with computers arrl materials 

to explore in a corrlucive learning environment for 43 

minutes each day, arrl to obtain administrative support for 

such a project. 

Fortunately, we have designed a computer science 

course in which the enphasis is on learning computer 

science and not a specific language. Thus, for the first 

three ten week quarters the students study the BASIC 

language. For the last ten weeks of the course the 

students can choose any phase of catpUter science and do an 
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in-depth stooy of that area. This fourth quarter provides 

the ten weeks needed for our project. 

Cbeenta Senior High School was one of the original 77 

schools in the nation chosen by IBM to receive 15 PC 1 s and 

all the software, inclooing u:x;o, in a pilot program to 

introduce the IBM computer into the educational setting. 

We chose to house these computers in a special lab 

available to all students during the day and not tied up by 

class instruction. 'Ihis lab provided an effective setting 

for the project. 

The next step in getting the project off the grour:rl 

was to gain administrative approval and support. 

Urrlerst.a.OOably, the key question asked by the 

administration was, "In what ~oa.ys will our students benefit 

fran this project?" It was explained that they would 

benefit in two significant ways. First, stl.dents would 

learn l'lcM to q:>erate and ~ familiar with a different 

computer, since their first three quarters of study 

involved using 'IRS-80 computers. Second, and nDre 

~rtantly, they would be learning a new computer 

"la~age" through graphics, an area we did not teach in 

the computer classes. The administration approved the 

project in 1985 and has continued to be supportive. 

Since the object of this project was to provide a 

special "liberating" learning environrrent and an avenue 

through which the students oould leave "the beaten paths", 

a najor ooncern for us was the selection of stl.dents who 

would, when provided with this liberating environrrent, 

naximize the ~rtunity. This required a careful 

selection of self-directed, capable sttrlents who could work 

with a minimum of direction. During the first year of the 

project the selection process was aided by having a pool of 

120 students in six computer science classes. There was a 

list of fourteen juniors and seniors who had canpleted 

three years of high school mathematics, had taken one 

semester of pre-calculus, and were presently taking 

calculus. 

In the second year , however , the pool of students was 

only 40 students in boo canputer science classes. My 

oolleague, Dr. Coutant, and I thought we might try to 

utilize sane younger students and perhaps have them 

oontinue in the project ir:rlependently in future years. 

'Ihus, in the second year, we incll.ded sane scpha!Dres, 

advanced students who were coot>leting their third year of 

high school mathematics and planning to take pre-calculus 

in their junior year. 

In the third year of the project we were dam to a 

p:x>l of only 20 students fran one computer class. We once 

again chose juniors and seniors who net the sane criteria 

used in the first year of the project. 

After establishing the criteria for seclection, I 

oonferred with Mrs. Jacqueline Scavo, Coordinator of 

computer science, and also the nathematics teacher who 

taught gecmetry to IIDSt of the selected students. We felt 

that the stooents 1 response to gearetry gave us a keen 

insight into their ability to oonceptualize. Mrs. Scavo 

helped rre in rraking the final selection of students whan I 

then invited to participate in the project. 

Approaching the students was a very critical step. I 

~oa.nted to give them enough information to whet their 

appetites, but I did not want them to be familiar with the 

whole project until they were well into it for fear that I 

might influence their thinking, approach, and direction. I 



explained that I wanted to inclooe t..~em in a special 

project. In this project they INOUld be required to learn a 

new o:JTt)Uter "language" ( UXiO) aoo to use the IBM 

CI:lll\JUters. I ooted that they INQUld be on their CAffi, using 

the r..cx:;o "language" to pursue any area of interest dealing 

with oornputers. Initially we stated that the area should 

pertain to mathematics or calculus, but after the first 

year revised that to be any area. I explained that their 

learning INOUld be rrostly self ~irected stooy, but I ~oUuld 

be available for assistance when needed. Each stooent was 

approached irrlividually arrl v.es asked to let rre know in a 

week. llbst students were enthusiastic about the project. 

sruDEm'S I OiARGE 

I harrled the stooents a copy of IBM LOGO: Progranming 

with Turtle Graphics arrl said, "Learn r..cx:;o through 

graphics." As they learned the graphics, which they had 

oot been exposed to prior to this tirre, I asked them to 

consider: ll possible mathematical projects or problems 2l 

any possible project that might be interesting to them and 

that they might want to pursue in sare depth later on in 

the quarter. In order to assist the students in their 

daily INOrk and to keep a record of their progress, 

thol¥]hts, feelings, accooplishrrents, arrl disappoint:Irw:!nts, 

they were asked to keep a daily log. They also kept a 

diskette of all their programs, those copied fran the book, 

those altered by the stooent and those totally created by 

the student. 'lhe last stooent requirement was a final 

exam, a ccpy of which is attached. 'lhe purpose of this 

final exam was to encourage stooents to examine how they 

think arrl to provide a vehicle through which they could 

draw their own conclusions about this total project. The 

logs, diskettes and final exams provided us with the basis 

for evaluation of the stooents 1 progress arrl the basis for 

evaluation of the total project. 

At this p:>int I \IIOUld like to clarify Dr. Coutant's 
reference to my teaching the students list processing, 

recursion, graphics etc.. As the previously stated 

instructions indicate, I did not sit the students down in 

the classrOClll and discuss these topics. Instead, through 

the use of LOGO arrl turtle graphics, these topics were 

"learned". 

EVALUATION 

We have structured the results of this ongoing project 

to follow the criteria for evaluation as discussed 

previously by Dr. Coutant. 'lhe seven girls arrl fourteen 

boys chosen for this project ranged in ages fran fifteen to 

eighteen. '!hey ~oUrked fran twenty-four to thirty-four days 

for forty-three minutes each day. 

On the first day of the project the students were 

administered the Longeout Test. 'lhe results were 

predictable since these stooents were all well beyorrl this 

stage in their thought process. OUt of twenty eight 

questions, twelve were testing concrete thinking. Of these 

twelve, one question was missed only once. Of the sixteen 

questions testing formal thinking, the average was thirteen 

correct and the range was fran eleven to sixteen correct. 

Thus, acrording to the test results, each irrlividual in the 

group tested well in formal operational thinking. lot:st 

students felt that the test was very easy. 

LEARNED IBM 

In evaluating whether the stooents have learned to use 

the IBM C'Cilplter, I must conclooe fran the lack of caments 

in their logs and fran the volune of work that was produce1 

by each irrli vidual on the conputer, they all learned how 
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to use the IBM PC Carputer specifically with the software 

"laD!1Uage • I£XiO. 

Prior to begining this project, all of the selected 

stu:ients had denonstrated a high degree of understaooing of 

BASIC. Hoolever, as I have stated, they did not have any 

understaooing of graphics. By the ronclusion of this 

project, all of the stu:ients have gained a thorough 

knowledge of LOGO Graphics arxl varying degrees of ki"IOiiledge 

of LOGO as a very po.rerful language. '!heir knowledge of 

graphics was dermnstrated on their diskettes aoo in their 

logs as they worked through the graphics book changing aoo 

adapting the programs already supplied in the book aoo 

creating their cwn programs, utilizing the roncepts 

enrountered in the book. 

'lhroughout the students' logs there is nuch evidence 

of affective as well as rogni ti ve learning. Many students 

have commented about and expressed a variety of emotional 

invol venEI1t. 'lhroll3h this project we have observed a 

!;X)Sitive affective tone created by the "language" of LOGO, 

the CD!pllter, arxl the rondi tions for learning. It 

oontinues to be a source of great pleasure for us to see 
the way high school stu:ients becOlre ca~pletely absorbed in 

learning with the catpUter. We have noted ~ the students 

have became emotionally involved and express this emotion 

quite freely. 

'lhe students' learning of LOGO as more than just 

graphics took on a different approach. Since the graphics 

were totally new to them, they had no frarre of reference to 

<Xlll'pll"e it with . However , LOGO as a ccxrp.1 ter language was 

ronstantly being ~red to the languages they had learned 

previously. Different sturctures that existed in other 

la~es were looked for in LOGO. Initial impressions of 

the language of I.CGO were SC~~~Etiwes proverl rorrect aoo 

scm:!times proved inrorrect. Many of the students were able 

to understaoo arxl describe the power of LOGO as more than 

just a graphics "language". 

'1he students' logs gave us a feeling for the diversity 

of approaches they used in learning LOGO aoo LOGO graphics. 

Each student relied on his/her cwn thoughts aoo ideas 

rather than being directed or "taught ~ to" in the 

traditional sense. '1he graphics book provided the needed 

structure for most of the students to advance, but did not 

hiooer their cwn exploring and diverging from the given 

sarrples. 

MII.'IHEMATIZE 

Although the concept of "rrathematize" is hard to 

evaluate, there were definite glimpses in the students' 

logs of them "grasping the whole situation as q;>posed to 

calculating the parts". One ronoept of mathematize is the 

ability to solve problems. By having the stl.rlents go 

throU3h the learning on their cwn, they created their cwn 

problems and also dermnstrated good problem solving 

techniques to solve these problems. one student used the 

oonoept of problem solving working backwards. A rrumber of 

students refer to the concept of a top doom design in 

approaching their programs. Other students have indicated 

that the eii ting process in LOGO has rrade them more aware 

of paying attention to details. 

O'lN TiiiNKII'G PROCESS 

'1he information gatherei about the students' thinking 

process was nostly in response to question two in the 

sttrlents' final examination. Respanses ranged from waking 



in the middle of the night with the answer to a problem, 

rot being able to write thoughts dCMTJ quickly, to one 

stu:.ient stating he had oo thinking process at all! A few 

related their thought process to already learned skills. 

SKILL FOR aJPI N3 

There seem to be as rrany ways of cq:Jing as there are 

subjects for this project. Sane students use previous 

kl'lc7olledge to ~ with inadequacies of the language. Other 

sttrlents have c::cped by not straying fran the graphics book 

and the reference book provided for the students' use. 

They feel that they must proceed page by page to wxierstand 

the language fully before they branch out into some 

project. A nurrber of students felt that they had to write 

their work out on paper to deal with the frustrations that 

kept rising out of the self-directed learning. Backing 

away from the immediate situation and letting the 

subconscious work on the problem was a method utilized by 

others. At least two students felt that their previous 

kncJ,.tledge hindered their ability to let ideas and concepts 

flow freely in their minds. 

Although sane students cx:mnented on heM ideas cane to 

them, I feel certain that since the sttrlents were unskilled 

in analyzing their awn thought processes and untrained in 

writing logs , many of the new ideas that did occur were not 

recorded. At least one-fourth of the students cx:mnented in 

their logs about heM the lack of specific directions and 

the total freedan were idea stifling. Over half of them 

felt that ten weeks was not enough tine to cooplete their 

projects. They felt if they had l!Dre tine they could give 

a better evaluation of the total process. 

AIDID '10 DATA BASE 

At this point, the concept of the stu:.ients' exploring 

their CMTJ ideas without interference has been well 

established. We did not, ~ver, want the students to 

work in a vacuum. Dr. Coutant explained that the students 

would get together once a week and share their ideas , 

suggestions and problems. Unfortunately, we were not able 

to keep to the strict once a week get together, b..lt when 

the students did get together, there was much sharing. By 

sharing, they were able to relate parts of the data base to 

each other. The students, especially in the last two 

years, did not wait for the weekly get togethers to share 

ideas. M:my of them were working on the project at the 

same tine and could easily share ideas. At least one 

student invited another non project rranber into the IBM 

roan and taught her heM to use the newly learned o::Jt~tands. 

EMAIL DISCOVERIES 

M:my of the sttrlents "discovered" what we would 

consider small discoveries. Discovering about the keyl:oard 

of the IBM <:X:f~Plter, creating new o::Jt1tands in I£GO to find 

out later on that they exist in the reference book, having 

a graph of an equation skip over "holes" in the graph or 

skip over assynptotes and deriving the quadratic equation 

while working to solve a quadratic are a few of the small 

discoveries these students have been able to express. 

Because the students have all learned LCm graphics and 

varying degrees of the LCm "language" during this project, 

all the facts they have discovered would be too nUirerous to 

nention. 

aJl'CL!.EION 
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The first three years of this project have been 

successful in creating a liberating learning environment 

for the students . They have explored, created, a.rrl learned 

without a curriculum. 'Ihe catpJter, the :u:m "language", 

and the students' curiosity provided enough motivation for 

most of them to progress at a rate beyorrl our expectations. 

We have learned, however, rratur i ty should be a criterion 

in stooent selection. 'throughout this project we have had 

some very rrature young people who are self-notivated arrl 

appreciate the opportunity to learn for learning's sake. 

We have also seen that the iimaturity of some students has 

thwarted their progress. In the next two years, because of 

the freedan exterrled to each student, the naturity factor 

will play a role in our selection of students. 

FINM. EXAM I.CGO 

PLEASE !UI'E: As you resporrl to each of the folla.iing, it is 
essential that you refer to your log for supporting examples 
and specific details. 

1. A. Identify clearly your objectives for this project. 
B. Hew did you structure your project to achieve these 

objectives? 

2. Select either A or B. 'Ihrough specific references to 
your project, write several sentences supporting that 
q>inion. 

A. My project heightened my awareness of my thinking 
process. 

B. My project did oot heighten my awareness of my 
thinking process. 

3. As you worked through your project, l'loo1 did you develop 
"new ideas?" Be sure to express yourself carefully arrl 
clearly to convey the style/process you used. 

4. Describe "small discoveries"(ideas, lines of thought 
and/or facts you had oot been aware of before l that you 
rrade through the project. 

5. In your q>inion, what is one negative aspect of IlXiO? 
If you could, haw 'NOUld you change this aspect to 
i.Jrprove the language? 
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RE-ENERGIZING THE SCHOOL MATHEMATICS CURRICULUM 

Douglas H. Crawford, Queen's University 

I. TRENDS IN SCHOOL MATHEMATICS SINCE SPUTNIK 

Beginning with Sputnik in 1957, the School Mathemat~cs 

scene has been more or less in flux. The late SO's and 

early 60's were dominatErl by "the new mattr'' movement. This 

was followErl by the increasing realization that the rev is ion 

of content alone, especially if it was more formal and 

symbolic and not part~cularly well understood or acceptErl by 

teachers in the classroom, was not enough. D~scovery 

learning ~n the USA and activity learn~ng in the UK formed 

the next wave in the mid to late 60's - a trend which was 

generally welcomed but which subsided gr<rlually due to a 

combination to economic cutbacks and publ~c perceptions that 

the bre<rl and butter basics of computation and arithmet~c 

were being neglected, Thus, a new thrust became apparent in 

the 70's, the back to basics movement, w~th a concurrent 

emphasis on assessment and testing (Robitaille, 1980), 

possible solution then begun to evolve in the l1te 70's as 

the hand calculator emerged and relevance and ap:o l ic at ions 

became the focus of change. Finally, at the beqtnning of 

the SO's the landmark publications of an Agenda For Action 

(NCTM 1980) and the report of the Cockcroft Committee in the 

UK (1982) re:iefined a much more comprehensive context for 

rethinking school mathematics. 

The NCTM agenda report m<rle eight recommendat~ons, the 

first three of which (paraphrase:\) were: 

i) problem solving must be the focus of school 

mathematics, 

ii) the concept of basic skills "must include those 

things which are essent1al to meaningful and 

productive cittzenship for the immediate and 

future" 

iii) mathematics programs must take full idvantage of 

the powers of calculators and computers at all 

grade levels. 

The other recommendations were equally praiseworthy and 

relate:i to higher standards, more flexible curricula, and 

higher levels of support systems for the school mathematics 

enterprise generally, The word "must" figurErl in all of the 

last five recommendations, 

The Cockcroft inquiry into the teaching of mathematics 

~n the UK began in September 1978 and the Committee 

submittErl its final report in November 1981. Apart from 

meeting on 64 days which includErl three residential 

meetings, it commissionErl studies of the mathematical nee:is 

of employment and of <rlult l~fe generally and a review of 

existing research on the teaching and learning of 

mathematics, Finally, members m<rle many visits to 

organizations and firms and numerous submissions were 

received. 

The report is in three parts - the first considers the 

importance of mathematics as a disctpline or school subject 

for the individual and society, the second examines 

mathematics in schools - its content, methods, assessment, 

intent. Part three discusses the context and r"'sources for 

mathematics in schools in terms of facilities and, 

especially, mathematics teachers, ~nclud~ng teacher-supply, 

qualifications, and inserv~ce support in its discussions. 

While the report represents a very careful, thorough and 

comprehensive study of school mathematics ~t distributes its 

many recommendations throughout the report and only comments 

~n a general way on them in a final chapter ('The way 

Ahe<rl' ) , 

The surveys and research studies commissioned by the 

Committee revealed that <rlults often h<rl feelings of 

anxiety, helplessness, fear and even guilt when required to 

undertake a simple piece of mathematics, There was also 

perception that accuracy and speed show i.ng all neat and 

working neatly and using all the proper methods to obtain 

exact answers were all central characteristics of learning 

mathematics. Specific areas which presente:i difficulties 



were: 

1. Understanding of percentages. 

2. The meaning of rate of tnflation. 

3. The reading of charts and timetables. 

4. willingness to use the hand calculator and 

discour~ement at the large number of figures 

after the decimal point. 

The Committee recommended that teachers ensure that 

their pupils have the abilities: 

"To read numbers and to count, to tell the time, to 

pay for purchases and to give change, to weigh and 

measure, to understand straight forward time tables 

and simple graphs and charts and to carry out any 

necessary calculations associated with these." 

Additionally, students should develop a feeling for 

number which allows s ens ibl e es tim at ion and approximations 

to be made and most importantly, adults must have sufficient 

confidence to make effect1.ve use of the mathematical 

knowledge they possess. 

Roughly speaking, these abilities constitute what the 

report calls numeracy - the ability to appreciate and 

understand mathematics as a means of communication. 

The report deals with computers in general terms 

pointing out that (in 1982) "we are still at a very early 

stage in the development of their use as an aid in teaching 

mathematics". It reminds its readers that mathematics 

teachers have so far' not made great progress in the use of 

other aids such as the overhead projector or the calculator. 

Specific mention is made of the need to produce software 

programs which are not just "extra's" but which can 

contribute to the mainstream mathematical work of the 

school. 

Finally, the report argues strongly for a higher than 

aver age level of support for mathematics teachers already 

serving in schools, claiming that school-based inservice 

support is of fundamental importance but needs to be 

supplemented by courses on a local or regional basis. In 

this context, the leadership of mathematics coordinators or 

heads of departments is seen as essential and it is implied 

that these people must receive adequate support and 

training. Additional financial support for these purposes 

is necessary if improved mathematical education is to 

result. In order for all the issues and recommendations to 

be addressed, since the committee believes that the teaching 

of mathematics must be addressed as a whole, it places the 

responsibility for bringing about the necessary changes on 

six ~encies supported by the public at large. The six 

~encies are: teachers, local education authorities, 

examination boards, central government, training 

institutions and those who fund and carry out curriculum 

development and educational research. 

Since 1982 there have been many developments from both 

sides of the Atlantic including reports by various 

committees and commissions as well as continuing debates at 

conferences and in journals and the emergence of various 

experiments and projects directed at specific aspects of 

mathematics education. Among these are the ITMA project at 

Nottingham University, (Burkhardt, 1983; Fraser, 1983; ITMA 

1985), the PriME project at Homerton College, Cambridge 

(Shuard, 1986; SCDC, 1986), the work of Seymour Papert and 

others at MIT (Papert, 1979; Weir, 1987) and the University 

of Chicago secondary Mathematics Project (Usiskin, 1985; 

UCSMP, 1985), 

II. PRIORITIES IR CORiBM1 AND EMPHASIS 

1. ~by~~~l979. 

After a reduction in activity as a full time 

professional mathematics educator due teaching 

responsibilities in other areas of education, the author 

began a rethinking of the needs of mathematics education in 

1979, His first step was to undertake a study of basic 

skills in mathematics by comparing assessment studies in the 
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UK, Canaia and the US (Crawford 1980). This indicated the 

need to him to focus on es tim at ion and approx im at ion as 

fundamental areas of knowledge and skill needed by everyone 

in aiult life, and a research study on this theme was 

completed in 1982 (Crawford 1982), During this study, he 

became even more convinced that this area should be used as 

a major bridge between mathematics, scl.ence and technology 

in schools, This led him to the hypothesis that much of the 

trouble with school mathematics (and perhaps science as 

well) was due to lack of emphasis on and understanding of 

the significance of measurement in the development of 

industrial and technological societies. l\s a consequence, he 

began to study the use of mathematics in high technology 

industries as a way of providing evidence on the actual 

uses of mathematics and hence the possibility of a shift in 

school mathematics from a heavy dependence on the needs and 

demands of university mathematics. Two outcomes were a 

research study of the mathematics used at a large 

telecommunications plant in Ontario (Crawford, 1984d, 1987b) 

and a paper delivered to the Third International Symposium 

on World Trends in Science and Technological Education 

(Crawford, 1984c), l\dditionally, a sabbatical leave in 

1984-1985 was devoted to studying science and technology 

education with a view to linking them more closely with 

mathematics education in schools (Crawford, 1 984c; 1 985 a), 

The impact of the computer was also studied and its likely 

effects reported in 'several papers (Crawford, 1984a, 1984f, 

1985b), More recently, a focal point was reached in a first 

attempt to articulate a redesign of the mathematics 

curriculum in school (Crawford, 1986b), 

2. Estimation, Measurement and Responsible Citizenship. 

How do most, say 80\, of people use mathematics in real 

life? According to the Cockcroft report studies, and this is 

supported if one questions any sample of aiults, they use it 

to estimate, to measure, and to make calculations mainly 

involving percentages and decimals. They are doing this in 

an ever increasingly complex society. Measuring and 

controlling technologically based production by 

sophisticated measuring devices and mathematical techniques 

ll.e at the heart of wealth creat1.on and technological 

aiv ance. For example, an article in the mag az 1.ne High 

Technology of July 1987 on super conducting illustrates this 

point well, In providing large superconducting magnets 

which consist essentially of a cable wound around a copper 

tube secured by suitably designed collars, it is stated that 

"The cable must be kept from moving in response to 

the huge magnetic force it will experience. l\ shift 

of just one thousandth of an inch would generate 

enough energy to heat the wire above its particular 

temperature changing it abruptly from a 

superconductor to a state of ordinary electrical 

resistance. Following this transmission called a 

quench, the electric current would quickly heat the 

magnet to several hundred degrees and the entire SSCC 

would have to be shut down" (p.15). 

l\nd again, superconducting elements calloo Josephson 

Junctions are being used in an oscilloscope to measure 

signals as brief as ten pica seconds (1 o-11 sec.). 

Thus a well-designed sequence of curricular experiences 

focussing on the ideas of estimation, accuracy and error of 

measurement followed by graiual introduction later to 

acceptable ranges of error and quality control in production 

has the potential to help today and tomorrow's students 

understand the significance of mathematics in an 

increasingly technological world, 

At the same time, the interactions of our technological 

wealth-producing activities with the environment in which we 

live, are producing many undesirable side effects such as 

acid rain. We are therefore in great need of understanding 

the problems we are creating, so that we can learn to 

conserve and use the ecological system of which we are a 



part, wisely, intelligently and prudently, It is therefore 

increasingly important for the ordinary citizen to have a 

better understanding of the use of precious natural and non

renewable resources such as air, water and energy fuels and 

sources (Allen, 1982; Crawford, 1987a; Fremont, 1979; 

Peccei, 1982). Inevitably the questions of the distribution 

and sharing of wealth are becoming more pressing as 

ev1denced by internattonal disputes over oil, lumber, 

fishery and agriculture pol1cies-all occurring in the 

context of a highly fragile international financial system, 

Hence as part of the curriculum of the 1990's there must be 

priority emphasis on the quantitative, logical, humanitarian 

and ethical aspects of these dilemmas - in a word, emphasis 

on mathematics for responsthle citizenship. 

3, Qualitative and H1gher '2rder Th1nking in Mathematics. 

These same technologies wh1ch are crowding in upon the 

workplace need themselves to he understood and can help us 

greatly educationally. The computer as a means of 

calculation, information and as an expert helper, now 

requires that we rethtnk much of the curriculum, in our case 

the mathematics curriculum, 

With the increas1ng realization that much tedious 

calculation and computation both in arithmetic and in 

algebra can be done by these machines, time is apparently 

released for teachers to focus on higher order thinking and 

learning. Two questions now come to the fore: 

i) What should be done with the released time? 

ii) Will students use calculators and computers 

intelligently or will they simply apply 

procedures which they think or assume to be 

correct without understanding or checking? 

It seems clear that the solution is to put greater 

emphasis on understanding relevant ideas and contexts. And 

so the translation from concrete three dimensional reality 

via meaningful visual images to an effective and efficient 

use of symbolic systems becomes ever more important. For 

example, in a series of researches by Hughes and others in 

Scotland (1983) and by Behr and others in the United States 

of J>.merica (1980), cited in Hughes (1986), children of ages 

5-11 have been shown to have severe problems when asked to 

translate between different representations of arithmetic

either from concrete to written or from written to concrete. 

In particular, they have little pre-school experience of the 

symbols +, -, +, and show great reluctance even to use these 

in relevant situations. Hughes makes a number of 

suggestions for a new approach to the learning of 

mathematics based on his research, among which are included 

several focusing on the child as learner (discover the 

learner's mathematical background, build on the learner's 

own strategies, respect the learner's invented symbolisms), 

In a final passage, he warns of the need to see the use of 

new mathematical tools and techn1ques in perspective. 

"We want to introduce children to the tools and 

techniques which form part of our culture and which 

we believe will help them solve the problems facing 

them, Yet, as these techniques grow more powerful, 

there is a danger that they will become less 

accessible to young children and that teaching 

mathematics - alrea:ly an immensely difficult task

will become even more demanding and time-consuming. 

Unless more resources are ma:le available within the 

education system, pressure of circumstances will 

continue to make it exceedingly difficult for 

teachers to give new ideas, however important, the 

time and attention they deserve." 

"If we can redesign our educational 

environments .... so that, instea:l of nullifying and 

ignoring young children's strengths, we are able to 

bring them into play and build on them, then I am 

confident that we will be able to meet the challenge 

currently facing us," (Hughes, pp 183, 1 84) 
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Skemp (1971 ,1976,1979) has become very well-known, 

particularly in recent years, for his work on schemas and 

reflective learning. His ideas of instrumental and 

relational learning have led to much discussion. Some years 

ago Skemp made a further interesting contribution to this 

area of transition from concrete to symbolic understanding 

(Skemp, 1982), Any communication, verbal, written or 

otherwise first goes into a symbol system. How this is 

interpreted, however, depends on what relationships are 

formed within the conceptual structure (e.g, 572 is usually 

interpreted as ~number, no• ree single-digit numbers as 

it could be if it were a telephone area code). Skemp mak.es 

five suggestions for developing symbolic understanding, 

defining this term as: 

"a mutual assimilation between a symbol system and a 

conceptual structure, dominated by the conceptual 

structure.• (p.61) 

Two of these suggestions are to stay with spoken language 

much longer and to use transitional informal notation as a 

bridge. 

More recently, as part of the thinking emerging as a 

result of the Cockcroft report, Brissenden (1985) has 

focussed on developing mathematical discussion among pupils. 

He argues that talk is a way of developing and/or improving 

understanding, language skills, and social skills, and that 

it can also provide the teacher with continued detailed 

assessment of children's understanding and progress. Three 

aspects of the teacher's role are necessary: 

1. choosing mathematical situations which support 

discuss ion effectively; 

2. preparing lesson patterns and class organisations 

which afford proper opportunities for 

discussion; 

3. controlling the two forms of interaction mentioned 

by Cockcroft that discussion is generated and 

sustained. 

The reader is referred to Brissenden's account for 

further details but essentially the teacher must produce a 

well thought out mathematical situation and retreat to a 

procedural role which requires the teacher to exercise 

various skills "more or less sub-consciously and in time as 

a matter of habit". 

The work of Hughes, Behr, Skemp and Brissenden all 

illustrate what I call qualitative mathematics. This is a 

term I inherited many years ago from Caleb Gattegno and have 

tried to explain in a paper given in Melbourne, Australia 

(Crawford 1984e). Briefly, it means spending much more of 

the available time in the mathematics class on basic ideas 

and relationships, and clarifying their meanings 

conceptually and qualitatively before enshrining them in 

what may well otherwise become meaningless procedures and 

formulae. 

The recent ICMI report (Howson and Wilson, 1 986) 

supper ts th1s position strongly. 

"Certainly there is no place for compulsory 

mathematics taught as a set of rules and unexplained 

procedures. Education should be fundamentally 

rational, and in mathematics this implies that it 

should emphasise relationships between items of 

numerical and spatial knowledge. For example, the 

uses to which a particular geometrical shape can be 

put depends on the properties of that shape, and the 

various properties are not independent pieces of 

knowledge but are connected with each other, Again, 

in learning to handle number efficiently, it is as 

important to appreciate the connections between 

multiplication and division, and to recognise the 

situations in which they arise, as to be able to 

carry out the appropriate algorithms, This 

relational aspect of mathematics becomes increasingly 

significant as electronic devices become available to 

carry out routine procedures." (!CHI, 1986 p.28) 



Finally, the authors of this ICMI report see many 

potential benefits of the computer in various content areas 

(calculus, probability and statistics, geometrical 

transformations) and in using spreadsheets, CAD packages, 

and simulations. However, they also envisage three key 

problems in using the micro for experimentation and 

investigation: 

( i) 

( ii) 

the preparation oE teachers, 

the selection of suitable task situations, 

(iii) difficulties associated with knowing, 

consolidating and testing what the students 

have learned. 

III. RE-THINJ:ING THE SCHOOL MATHEMATICS ENTERPRISE. 

1 • Aims of School Mathematics 

As part of the research study conducted by the author 

and reported in Crawford (1986a), a survey was ma:ie of the 

recent literature on aims and justifications for learning 

mathematics. Table 1 overleaf depicts the results of this 

survey. A number of perspectives can be seen. Cockcroft 

emphasizes mathematics being~ in ~ult l.lfe, 

especially as a precise communication tool while the Agenda 

focuses strongly on problem solving. A Can~ian study of 

1976 emphasizes the value of math as a language for 

communicating ideas, and more interestingly perhaps, as a 

cultural resource. The ICMI report alre~y cited, while 

agreeing that school mathematics must "serve to equip 

students both to study other subjects and also to help with 

mathematical demands and problems they will meet out of 

school", emphasizes the affective components when it 

suggests that the curriculum should provide~ foretaste of 

~mathematicians ~why they do .!!_and of the pleasure 

the success solving£!_~ mathematical problem~ bring. 

Additionally, these authors argue that students "must 

appreciate that~ mathematical knowledge they acquire 

TA!lLE 1 
All!\S 'nd Justificatwns for l£>arninJ Mathematics 

Cr-awford and 
Others 

1976 
Total of J J ob jec
tives obtained by 
b["ain-stonning 
gmuped 1nto 5 
catego["ies below-: 
1. Basic M~th 
Abilities 
2. Basic Applied 
S<ills 
J. Higher Math 
Abilities 
4. Apprec ia t io~ of 
Mathematics 
5. Personal 1-t>rk 
Habits 

Dienes 
1978 

Tayler, Td.l'T'I1\3dnl? 

PreSCI"ltt 
1971 

1 a a languaae
vehicle for. thought 
2. enables precise 
deSC[" ipt ions anj 
modelling 
3. best vehicle for 
C'CJn9rehend 1ng 
pattern 
4. intellectual and 
aesthetic appeal 
and fascination of 
deep structural 
problems 

G..l["dne r, Glenn, 
Renton 

197] 

Colerro.n and 
Edwards 

1976 
l. for 1 i.ving and 1. understand what 
responsibile adult- mathematics is and 
ho::d {functiontnq what it is not 
adequately as a 2. mathematics is a 
member of society) way of thinking 
2. for livelihood/ J. mathematics is a 
vcx:3tion cultu["al ["esource 
3. n::de of kno,.,- 4. mathematics is an 
led~e and experi- essential langu.aQc 
ence involving for CCJm'1Unicatirq 
concepts of a ideas · 
general abstract 
kind (education) 
4. significant part 
of aesthetic, 
affective aspects of 
human endeavour 

Agenda for Cockcroft Maths 
Action 1932 5-16 

1980 1985 
1. learn to ab- 1. problem-solvjng 1. maths is useful set of 10 aims 
st["act - strip as major focuS of since it provides a further divided into 
off irrelevances curriculum po.rerful, CXJncise, five cateqories of 

. 2. learn to 2. basic skills to unambiguous means objectives. 
generalize be extended e.g. of CCJm'IUnication. 1. essential 
3. learn to include estimating 2. enables elenwnt of 
for:l!Lilate and cope and apprnxiroatinq; clevelopllent of camunication 
with precision and USe in predictinq; mathematical skills 2. ~rful tool 
precise messa<;~es <XJ19uter literacy and underst.ondinq 3. stucly of 
4. learn to work 3. ~size appli- required for relationships 
together cations, and adult life, for 4. fascination of 
S. learn to appropriate skills enployment and for intrinsic appeal 
respect opinions/ and strategies further study and 5. a creative 
values of others e.<;j. fornulating training - process/activity 

key questions; dis- 3. and for stucly allowinq use of 
c::awrinq patterns of other subjects i!M<;lination and 
and similarities 4. helps clewlop flexibility. 
4. inte;;;Jrate use of appreciation and 6, 7,8. enabl-
calculator and enjoyment of syst"""'t ic inclepen-
CQ!i>Uter into mathematics clent oocperativa 
curriculi.ITI itself. ways of workinq. 
s. create class- 9. encoura<;jell in-
roan enviroments clepth study 
for problem-solving 10. !jilin conficlence 
6. entJhasize in doing math. 
camLin i cation 
skills and clarity 
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desirable~·· 

Another dimension which now appears frequently in the 

literature on aims is that of the personal and developmental 

by-products of maths learning. For example, Dienes stresses 

learning to work with others and to respect their values and 

opinions. So does Maths 5-16 (the 19B5 Department of 

Education and Science Publication in England). Finally, in 

a number of the sets liste:l in Table I, various other 

affective and aesthetic benefits are note:l. 

A useful synthesis of many of these aims has been given 

by Shirley Hill, in her summary of the recent symposium 

International Comparisons of Mathematics Education: Policy 

Implications for the U.S.A, (Hill, 19B7), As Lesson #3 from 

the Symposium, she states: 

"Our goals in mathematics e:lucation must include 

~primary~: 

(a) improve:l mastery of those portions of mathematics 

which~ basic and will remain basic: 

(b) ~ time devote:l ~higher order thinking skills 

which will be nee:led by a much l argec fraction of 

our population in the future; 

(c) cultivation~ student appreciation and 

experience with mathematics as~ living subject, 

presented in the context ~ its profound 

applications ~ the world ~ ~· (Hill, p.1) 

An interesting attempt has been made by Cain and others 

(19B5) to codify and assign priorities to the major goals 

which they consider appropriate for different ability level 

students in secondary school mathematics, and hence to 

structure emphases on different aims to fit different types 

and intelligence levels. 

Finally, the recent ICMI report has wrestled with this 

general problem of aims and how school mathematics, school 

experiences can reflect their variety in a "reasonable" w~ 

for all pupils (op.c i t.Ch,3 ), Howson and Wilson discuss 

content and process, the relating of mathematics to other 

aspects of ex per ienc e, and the pros and cons of compulsory 

and differentiate:l curricula. However, their purpose is not 

to come to any firm conclusions but rather to suggest 

alternatives for further debate and discussion, 

Related areas on which much recent research and 

discussion have focusse:l are problem-solving 

(Schoenfeld, 19B5; Brown, 19B5) process activities (Bell, 

197B; Romberg, 19B3; Crawford, 19B4d) different kinds of 

knowing (Noddings, 19B5) and metacognition (Garofalo and 

Lester, 19B5), All of these aspects of learning nee:l 

continue:l study and attention, but cannot be described at 

length in the present paper. 

2. Some~ For Redesign, 

Clearly, whatever set of experiences and how 

differentiated they are will depend greatly on the value 

system and cultural climate of the country or region in 

which the experiences take place, i.e. there is no universal 

answer, However, there are in my view (and this is 

supported by the work of Wilson who studied four widely 

differing geographical reg ions) same basic a:)reements which 

can be used to change school mathematical experiences to 

become more relevant in an aqe of information technology at 

least in developed countries such as as the USA, the UK or 

Canada. Some of these have already been outline:l in 

Crawford (19B6b) and summarized in Crawford (19B7a). Here, 

they are repeated in much the same form as the basis for 

rethinking the whole mathematics enterprise particularly at 

the secondary level. 

BASIS I. 

MATH!JIATICS IS BSSBiftiALLY ~ ~ POR SOLVIBG PROBLI!IIS 

This has been true throughout history and is the 

essential reason for studying and creating mathematics. 



P.lthough we now think of mathematics as the study of 

axiomatic systems and structures, these mental artifacts 

only become of value in the real world when they are applied 

to solve real problems. For the ordinary individual, the 

basic uses of mathematics are the same as ever - estimating, 

measuring, costing, designing and solving personal or 

societal problems. 

Basis II 

THE COI!I'l'BXT .!_! .!!!.!.£!!. MATHEMATICS ~ LEARNED MUST PROVIDE 

SCOPE ~ ~ FLEXIBLE MIXTUR.B OF ~ ~ REFLI!X:.'TIOR IN 

SOLVING MEANINGFUL, RELEVANT PROBLEMS BOTH INDIVIDUALLY AND 

COOPERATIVELY, 

Rote learning and lack of opportunity to understand 

ideas via the use of manipulative or visual materials must 

be minimized and other aspects of qualitative mathematics 

such as non-threatening discussion, group work, practical 

and applied problem-solving and project involve':lent must be 

introduced increasingly so that learning becomes natural, 

well-motivated and meaningful. These two bases then le~ 

s tr aigh tforw ard ly to two major goals. 

1) Students learn to become better problem solvers, 

2) Students learn to become increasingly independent 

learners. Mechanisms and methods or strategies for 

achieving these goals must include 

i) The central involvement of the students 

ind iv idu ally and co-operatively in their 

learning, using methods which produce interest, 

enjoyment and commitment to effort in learning. 

ii) Gr~ual withdrawal of the teacher as the prime 

mover and resource for learning. 

iii) A particular focus on the concepts and activities 

of designing, making and creating real or 

intellectual objects which are of mathematical 

significance and yet intrinsic value and personal 

satisfaction for the individual. 

As long ago as 1957, Sawyer and Srawley wrote an 

excellent book called Designing and Making which proposed 

exactly these ideas 

"Children often ask, 'Why do we have to learn 

arithmetic?' There are various answers--"You need it 

to go shopping', and so forth. The weakness of these 

~s that they appeal to the reason alone while the 

question is not really a request for information, It 

really means 'I find this dull',. and the only 

effective answer is one directed to the feelings, 

The best answer of all is one not of words but of 

action--to let the child embark on some activity that 

is unquestionably exciting, and to 1 et it dis cover at 

some stage that its progress is held up by lack of 

mathematical knowledge." 

"The more the children learn to organize their 

own lives, the more efficient the education will be. 

Things can go ahe~ without the help of the teacher." 

4. Current, new and emerging technologies such as the 

micro-computer should be used intelligently to support these 

goals and the mechanisms which have been outlined - in 

particular the computer should be used to simulate things 

done by humans. The visual and interactive potential of the 

computer for learning are its two most important 

character is tics which need to be understood fully and 

harnessed appropriately for high quality learning. 

IV. IMPLI!XBII'I'ING A RB-E21ERGIZED CURRICULUM. 

Assuming the validity of this analysis and refocusing 

of the mathematics curriculum - how is it to be realized? 

To achieve it, in this author's view, requires 

attitudinal and knowledge changes in teachers, 

~ministrators, politicians and probably the general public 

as well. Attitudes tend to be changed only if something is 
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shown to be an improvement on established practice or 

possibly because sheer necessity re:juires something new to 

be tried. The first approach is voluntary, the second 

involuntary. 

1 • School and Curricular Reform. ------ --- ------
Goodla:i (1983} claims that in his major research study 

of schooling in the USA (published in 1984}, two major 

curricular deficiencies stand out. They are 

i} a failure to differentiate and see the 

relationships between facts and the more important 

concepts facts help us to understand and 

ii} a similar failure to see subjects and subject 

matter as mechanisms for the real goal of personal 

development. 

Part of the overall failure also stems from the fact that 

schools are not the only educatl.onal agency. 

continuously, select targets for improvement, and draw on 

knowledge about school improvement to implement desired 

changes." They identify three stages of school improvement, 

which are shown in Figure 1 below, (op.cit., p. 7) 

Three Sta:Jes of school Iaprove.ent 

Scope 

STAGE 1 Refine: Initiate 

the process 

STAGE 2 Renovate: Establish 

Tasks 

Organize R espons ib 1 e 

Parties 

!Js e effectiveness criteria 

Improve social climate of 

education 

Expand scope of improvement 

the process Embed staff development 

Improve curriculum areas 

STAGE 3 Redesign: Expand the Examine mission of school 

If we seriously believe in the possibility of achieving process Study technologies 

Scrutinize organizational to some extent the lofty goals some jurisdictions are now 

setting (e.g. Ontario, 1984}, then in this age '}f 

information technology we must respond to chanqe by creating 

a self-renewing school. According to Heckman, Oakes, and 

Sirotnik (1983}, what is essential is 

"A school staff that constantly works together to 

examine the school's condition, identifies problems, 

and develops alternatives based on all forms of 

knowledge. The self-renewing school may use ideas 

from the outside, but the intention is not to make 

the school a better target for innovations developed 

outside the school." 

(Educ, Lea:iership, April 1983 p.29} 

Joyce and others (1983} examine this theme in detail, 

using as a strategy the development of what they call 

Responsible Parties-local a:iministrators, teachers and 

community members who examine the health of their school 

s true ture 

Develop long-term plan 

According to this scheme, re-energizing school 

mathematics cannot occur without the conscious organizing of 

a "reforming" group, which clarifies goals and standards and 

develops effectiveness criteria relating to the desired 

change. 

2. ~Promising Model of Curriculum. 

One model of curriculum which seems to have great 

potential in moving the mathematics curriculum towards the 

goals of problem-solving, personal and social development 

and independent learning is the Resources/Tasks Curriculum 

Model proposed in the U.K. by Black and Harrison (1985}, 

This model has its origin in the technology and science area 

of the curriculum but appears to be generalisable across the 
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curriculum and in fa:t will only work properly if this 

occurs. 

Figure 2 summarises the model in diagrammatic form. 

Briefly, subject areas are seen as resources, which can be 

applie:l appropriately to tasks. Thus teachers have two 

aspects to their role. They are specialists when they are 

teaching their subject area as a discipline but are members 

of a resource team when students are engage:! in cross

disciplinary or ultra-disciplinary tasks or projects. l'.mong 

the crlvantages of this model are its flexibility in time 

allocation and organization, its we:lding of theory and 

practice and its subordination of subjects to become means 

not ends in themselves. l'.lso the focus on tasks in projects 

allows for much greater emphasis on worthwhile, meaningful 

activities chosen to be interesting and satisfying to 

students. The concepts of designing, making and creating 

can be brought in centrally as features of such tasks and 

hence motivate students strongly provide:! the whole system 

is carefully and wisely thought out. 

3. The Teacher, Inservice Education ~ Integrate:! Learning • 

In his international study of cultural contexts of 

Science and Mathematics Education, Bryan Wilson (1981} 

reports a growing realization that the teacher is the single 

most important factor in effective curriculum development, 

and that curriculum reform nee:!s to be integrate:! with 

teacher e:lucation. Certainly, this is borne out in the area 

of mathematics e:lucation where numerous innovative projects, 

particularly The New Maths and more recently the Unifie:! 

Science and Mathematics for Elementary Schools Project 

(USMES} faile:l largely because teachers were unwilling or 

unable to embrace the philosophy and commitment nee:!e:l to 

implement the new project successfully (Howson, Keitel and 

Kirkpatrick, 1981 ). Some of the problems of change have 

been highlighte:l in the fascinating study of Inservice 

Education of Mathematics Teachers by Edith Biggs (1983). 
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Among her unexpecte::i findings were these three: 

1. the necessity for a new scheme in mathematics to 

be democratically prepare::i and trie::i out by all 

members of staff if it was to be wholehearte::ily 

implemente::i; 

2. the necessity for the principal to be actively 

involve::i in the project ~f lasting changes were to 

be m aje; 

3. the necessity for the principal to have enough 

knowle::ige of mathematics; (Biggs p.193) 

Howson, Keitel, and Kilpatrick identified five 

approaches to curriculum development in mathematics go~ng 

from "the new Math" to "integrated teaching" and concluded 

that, 

"The formative and integrated teaching approaches 

precipitated the form at ion of an innovatory s tr att!gy 

to replace the R-D-D model" ••• 

"The new strategy aime::i at strengthening the 

teacher, and at making him better able to function at 

a professional level and of assuming a creative role 

within the overall curricular appra::>ch. No longer 

was he to be regarded as the mere performer of a 

ready-to-use curriculum." (p. 128). 

These authors argue that the problems inherent in 

making these 'improvements' in the teacher may be solved by 

supplying "paradigm" materials to act as ideas and starting 

points, but that the5e would have "no claim to 

universality". 

More generally, recent international trends are all in 

this same direction - towards integrating learning, more 

inter-disciplinary work, and greater self-reliance in 

learning. Thus the 1979 Council of Europe document 

Innovation in Secondary Education in Europe distinguishes 

three m ajar factors at work - new conditions of education, 

new developments in theories of education, and the growth of 

educational technologies. 

"This situ at ion makes new demands: today's pupil is 

not like his predecessor or his class-mates, he needs 

a different kind of teaching, more highly 

personalised and better ajjusted to his own 

particular needs and his growing demand for 

independence and freedom." (ibid, p.48) 

Haigh (1975) discusses the pros and cons of integration 

and concludes that there is a valid place for it but only if 

certain conditions are satisfied. A fuller discussion of 

these aspects can be found in Crawford (19B6b). 

V. TOWARDS RELEVANT AND REALISTIC SCHOOL MATHEMATICS. 

so far, an outline has been given of some of the 

ingredients deemed either essential or desirable in order to 

arrive at interesting and worthwhile mathematical 

experiences for the great majority of students in their 

secondary schooling - roughly to age 16. 

Briefly summarized, these are: 

i) focus on basic mathematical ideas and 

relationships which will be used fre::~uently 

in adult life e.g. estimation, measurement, 

percentages, decimals; 

ii) emphasize using these to solve problems of 

individual and social significance; 

iii) blend work on mathematical ideas, processes 

and topics as an evolving system and structure 

with their application to real situations and 

problems; 

iv) increasingly emphasize independent learning and 

reliance by the student on his own resources for 

problem formulation, data gathering and problem 

solution; 

v) use the calculator and computer intelligently to 

reduce te::iium, by having them perform routine 

calculations and operations and to create 

stimulating mathematical environments; 



curriculum currently being f?ioneered at Quorn Community 

College, Leicestershire (Hewlett 1986). 

VI. CONCLUSION. 

No one single mathematics curriculum will ever emerge 

as "the correct one". Ideas and the realities in which 

they become embodied change as a given society and culture 

change. 'At the root of all change, are the cultural values 

which cause or resist that change. Hence, what is proposed 

here, is the summation of one individual professional and 

personal experiences, based on his value system as that too 

interacts ~o~ith various cultural milieu. It is for the reader to 

assess how important these thoughts and proposals are for 

mathematics e:iucation in particular and more generally for 

improving schooling and Erluc at ion. 
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Introduction 

Metacognition and 
Mathematical Problem Solving 

Thomas C. DeFranco 
St. John's University 
Staten Island, NY 

W'hy is it that some people are sood 
problem solvers and others are not? 
Historically, educators have always 
been interested in individual 
differences. Thus it is natural to 
expect that this interest would 
extend to problem solving. (Lester, 
1982, p. 57) 

According to mathematics educator, F. Lester, 

researchers in mathematics education should focus their 

attention toward tmderstanding the differences between 

expert and novice proble•solving behavior. 

In the past, studies involving expert behavior have 

been conducted in such areas as buainess (Isenberg, 1984), 

chess (Chase & Simon, 1972; Chi, 1978), mathematics 

(Schoenfeld, 1981 ), medicine (Elstein, Kagan, Shulman, 

Jason and Coupe, 1972), physics (Larkin, McDermott, Simcm 

and Simon, 1980; SiJDon and Simcm, 1978) and reading 

(Baker & Bro"WD, 1984; Brolin, 1978, 1980). In each 

instance, reaearchere tried to identify thoae qualities 

or characteristics that make an individual an expert in 

hie/her field, the strategies used by them, and also it 

theae akilla can be tausht to others. 

In pneral, this paper will diecuea eo• ot the 

aepeota involved in a re•arch study dealing with tbe 

nature of expertise involved in mathematical problem 

eol ving. In particular, it will examine the preble• 

solving behavior among Ph.D. (or i te equivalent) 

mathematicians (i.e., experts) in relation to solving 

complex problema and also examine these individual experts' 

beliefs of person. strategy and task variables in relation 

to mathematics, mathematical problem solving and their 

preble• solving behavior. 

Backg:rotmd 

The major part of every meaningful 
life is the solution of problems; a 
considerable part of the professional 
life or technicians, engineers and 
ecientists, etc. is the solution of 
mathematical problems. It is the duty 
or all teachers and teachers of 
mathematics in particular, to expose 
their students to problems much more 
than to facts. (Halmos, 1980, p. 523) 

As noted by the prolific mathematics expositor 

Paul Balmes, the importance of mathematical problem 

sol v1ng and the abili t;y of students to solve mathematics 

problema, baa became inoreas~y a major concern of 

mathematics educators today. This concern baa been echoed 

at mathematics ocmterances, by mathematicians, by 

psychologists and by lll81lY mathematics educators. In 

particular, the National Council of Teachers of Mathematics, 

(NCTM), in ita publication, "An Asenda for Action" stated, 

"The development or proble•solving ability should direct 

the efforts or mathematics educators throusb the next 

decade" (N~ 1980, p.2). 

In order to •et this challenp, the mathematics 



education community has conducted extensive research in 

mathematical problem solving over an extended number of 

years. In the past, many mathematics educators paid 

particular attention to capturing the strategies students 

use in solving mathematics problems. Traditionally, these 

studies involving mathematical problem solving have focused 

primarily on the overt behavior exhibited by subjects as 

they solved various types of mathematics problems. In 

general, introspective, retrospective and thi.nking aloud 

techniques have served as the main sources of gathering 

information and data. The analysis of these data have 

largely consisted of using a string of coded symbols, which 

acted as a trace of the problem-solving behavior exhibited 

by a subject during the solution process. 

As a result of these studies, researchers ide;;tified 

successful strategies or heuristics used by subjects on 

various mathematics problems. "A heuristic is a general 

suggestion or strategy, independent of any topic or subject 

matter, which helps problem solvers approach, understand 

and/or efficiently marshall their resources in solving 

problems" (Schoenfeld, 1979c, p. 31). 

Schoenfeld (1979a, 1979b, 1980, 1982) conducted a 

number of experiments in mathematical problem solving and 

found that students (college level) oan be taught to 

understand and effectively use a limited number of 

heuristics in solving mathematics problems. He also 

recognized that heuristic fluency may not be enough in a 

mathematical ~roble~solving situation and that knoving 

"when" and "how" to properly use a heuristic may be 

equally important for problem-solving success. 

Therefore, in order to lL"lderstand how to "properly 

mana.ge" heuristics, Schoenfeld (1981) studied and compared 

the problem-solving behavior of "experts" and "novices" 

as they solved the same mathematics problema. He realized 

that two types of decisions are evident in the decision

making processes involved in mathematical problem sclving, 

tactical and managerial decisions. 

Tactical decisions are decisions involving the 

implementation of various algorithms and heuristics while 

mana.gerial decisions are decisions which have a major 

impact upon the solution of the problem (Schoenfeld, 1981 ). 

Managerial decision making includes skills such a~ 

checking, monitoring and evaluating the entire so:ution 

process. 

Schoenfeld ( 1981) found that experts (Ph.D. mathema

ticians) possess accurate and efficient managerial skills 

while novices (college mathematics students) lack them. 

Also, he found that proper managerial skills can provide 

the key to success in a mathematical problem-solving 

situation and are similar in nature to metacogni tive skills. 

Therefore, in order to better understand the decision

making processes involved in mathematical problem solving 

a thorough investigation of the phenomenon of metacognition 

seemed appropriate, 
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A Conceptual Framework for the Stu4y 

In general, the term metacosni tion refers to two 

separate but related concepts: 1) knowledge and beliefs 

about cosnitive pheno~na and 2) the regulation, control 

and execution of cosnitive actions (Garofalo and Lester, 

1985). The development of the study of metacogci tion 

can primarily be attributed to the work of two researchers 

whose findings are complementary, John Flavell and 

Ann L. Brown. According to Flavell (1976), 

"Metacognitian" refers to one's know-
ledge concerning one 1 s own cogci ti ve 
processes and products or anything 
related to them ••• Metacogni tion refers, 
among other thfnss, to the active monitori.n& 
and consequent regulation and orchestration 
of these processes in relation to the 
cognitive objects on which they bear, 
usually in the service of some ccm.crete 
goal or object (p. 232). 

In order to study human behavior, Flavell (1979) 

developed a model of cognitive monitoring or metacognition, 

which can be applied to various cognitive enterprises. He 

proposed that the monitoring of many cognitive tasks 

occurred througb the activities among four classes of 

phenomena: 1) metacosnitive knowledge, 2) metacognitive 

experiences, 3) the soal.s of the task and 4) the actions 

taken on the task. 

Briefly, metacognitve knowledge consists mainly of 

beliefs and/or feelings about certain variables {person, 

strategy and task) and hov they act and interact vith each 

other to inf'luence a ooscitive enterpriBe. Metacognitve 

uperiences are any conscious rea.lizaticns, vhetber 

cognitive or affective, that may occur during any 

intellectual enterprise, The goals of the task refer to 

the objectives or unknowns of the cognitive enterprise and 

the actions of the task refer to the cognitive actions used 

to achieve the goals of the task. 

In particular, metacosnitive knowledge is similar to 

knowledge stored in long term memory. It consists of 

beliefs about partiaular variables and how they interact 

with each other to guide and/or influence any intellectual 

task. According to Flavell (1979), the three categories 

of variables associated with metacognitive knowledge are: 

1 ) Person, 2) strategy and 3) Task. 

Person variables are everything a person comes to 

believe or feel about himself/herself in relatic:n to 

his/her own cognitive processes and the task at hand. 

Strategy variables consist of strategies (tactical and/or 

managerial) that are likely to influence the task at hand. 

Task variables consist of any cues or in!ormatic:n in the 

task which may trigser certain beliefs about partiaular 

strategies or demands of the task. 

For example, vben an individual is presented vith a 

mathematics problem to solve, the action taken on tbe 

problem is influenced (positively or negatively) by that 

individual's meta.cognitive knowledge {i.e,, by the beliefs 

about person, strategy and task), In general metacognitive 

knowledge guides and/or influences an individual to select, 

revise, abandon, pursue and evaluate strategies througbout 



the solution process (Flawll, 1979 ). 

Another major source of in.formation concerning 

metacognition is baaed upon the research of cognitive 

psychologist, Ann L. Brown. According to Brown (1980), 

The skills of metacognition are those 
attributed to the en.cutive in many 
theories of human memory and machine 
intelligence, predicting, checking, 
monitoring, reality testing and 
coordination and control of deliberate 
attempts to study, learn or solve 
problems (p. 454). 

At this point, it should be noted that Brown's 

understanding of metacogni tive skills is analogous to 

Schoenfeld's concept of proper and efficient managerial 

skills (i.e., skills such as monitoring, assessing and 

checking the solution process thro~out the entire 

problem-solving episode), 

Therefore, in order to examine the problem-s )l ving 

behavior among experts, a framework for investigating 

an individual's metacognJ.tive knowledge (devised through 

the works of Flavell, Brown and Schoenfeld) was used in 

this study. 

A Research Stud;p An Overview 

The study was descriptive in nature involving expert 

problem solvers in relation to metacogni tion and mathema-

tical problem solving. The subjects selected for this 

study (n=16) were divided into two categories - group A 

(Ph.D., ar its equivalent, mathematicians who have achieved 

national or international recognition in the mathematics 

COIIIIIW'li ty) and group B (Ph.D. mathematicians who have not 

achieved such recognition). 

Information collected during the study was gathered 

from two sources: 1) a Person-Strategy-Task (P-S-T) 

Questionnaire (Appendix A) and 2) a Problem-Solving ~ask 

Booklet (Appendix B). 

The purpose of the P-S-T Questionnaire was to examine 

'U'Id contrast an experts' metacognitive k:nowled8e and 

mathematical beliefs in relation to mathematics and 

mathematical problem solving. The questionnaire consisted 

of 10 open-ended questions with some subquestions, Each 

subject's tape-recorded responses were transcribed, and 

then coded, on a coding system developed by the researcher. 

The purpose of the Problem-Solving Task Booklet was to 

describe the various strategies exhibited by the subjects 

as they solved four mathematics problems. Each s-.1bject 

was instructed to "think aloud" as he solved each problem 

and immediately after was asked a series of question 

in connection with his problem-solving behavior 

on that problem. The entire session was tape recorded 

and each session was transcribed and coded using a coding 

system adapted from Schoenfeld ( 1981 ) • 

A Brief Discussiao of the Results 

In seneral, the results of the study seemed to indicate & 

1) subjects in group A solved the problems mare accurately 

(30 correct and 2 incorrect in group A VS. 8 correct and 

24 incorrect in group B) and exb.ibi ted more efficient 

metacosnitve skills an the problems than their counterparts 
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in group B, 2) the metacognitive knowled&e and mathematical 

beliefs held by subjects in group A was dissimilar to that 

of subjects in group Band 3) a subject's metacognitive 

knowledge seemed to influence, in a subtle wa;y, his 

problem-solving performance. 

In order to understand bow and why a subject's 

metacogni ti ve knowled&e D1a3" have influenced his problem-

solving performance, a case study is discussed next. 

A Case Study 

During many problem-solving situations, both aspects 

of the definition of metacognition interact and effect an 

individual's problem-solving behavior during a soluticm 

process. For example, an individual may possess certain 

beliefs about mathematics (part 1 of the definition of 

metacognition) which mq effect his/her control and 

executicm (part 2 of the defini tian) on a problem, which 

in turn ma;y trigger other beliefs, etc. 

On the issue of monitoring and controlling one 1 s 

York, Schoenfeld (1985a) stated, 

••• having a mastery of individual 
heuristic strategies is only one 
component of successful problem solving. 
Selecting and pursuing the right ~proa.ches, 
recovering from inappropriate choices and 
in general, monitoring and overseeing the 
entire probl~solving process, is equally 
important. One needs to be efficient as 
well as resourceful. In broader terms, 
this is the issue of control (pp. 98-99). 

Therefore, the ability of an individual to "keep in 

control" o! hie/bar work during the entire solution process 

seems to be an important aspect of successful problem 

solving. 

This case study presents the problem-solving 

performance of John (a fictitious name and an individual 

who participated in the study) on problem 2 (Schoenfeld,1983, 

.Appendix B). It illustrates how an individual's 

knoYledge and beliefs about mathematics and his ahili ty to 

control his liork during the solution process positively 

influenced his problem-solving performance. 

The question and John's response to it are given next. 

An analysis (adapted from Schoeni"eld' s York, 1981) and a. 

discussion of his problem-solving performance follows tbe 

problem-solving protocol. 

Estimate as accurately as you can, how 
many cells might be in an aver88f!-sized 
adult human body. What is a reasonable 
upper estimate? A reasonable lOioAir 
estimate? How mu.ch fai tb do you have in 
your figures? 

Problem-Solving Protocol 

Estim<te, as ~ccurately aa you can, hoY many cells 
might be in an averase-sized. adult human bod:r? 
\.hat is a reasonable upper estimate? A reasonable 
lower estimate? How much faith do you have in 
your figures? 

OK • it's a pretty reasnnable questioo • 

So • my reaction is two wa,ys to approach it, 
linear dimensions or mass of the • • • cells 

OK ••• so I would guess that ••• it I try it by 
mass • • • I would guess that • • • that an adult 
human w ighs 1 50 pom1d s • • • 

There 1 e a pretty big hunk of him which I guess ian 1 t 
really to be counted as cells , • there might be fifty 
pounds or that • • • 

( 1) 

(2) 

(3) 

(4) 

(5) 



So maybe there's a hundred pounds o! cells , 

Now, how much is a cell going to weigh 

Basically, I'd guess that a cell 
veigh what? • • • 

it is going to 

(6) 

(7) 

{8) 

First, I've got to think about how big they are , , • 
they're going to have the mass as that of water, so it's 
just a question of volume and , •• to all reasonable 
degrees • • • I mean obviously we're not going to try 
and set within ten percent 90 ••• it's certainly not 
going to matter • • • make a ten percent error 
assuming that the mass of all cells is simply 
proportional to water of the same weight {9) 

So ••• I've got to think about how big a cell is {10) 

Obviously they do vary but (11) 

I certainly don't carry this around in my head • 
I would say a htmd.red kilometers • (mumbled) 
would be about right • • • 

'nlat would be ten llicrons • • • some of them are 
probably smaller than that but • • • 

Let me just think about , about what • • • kid of 
m86Dificatian it takes to see them yes, that's 

( 12) 

(13) 

within reason • • • {14) 

So I'm talc.ing a guess that they're a hundred • 
they're ••• they're little cubes a hundred • a 
hundred to a millimeter , • • so there are ten to the 
fifth to a meter • ( 15) 

So there are ten to the fifteenth in a cubic 1118ter 

A cubic 1118ter of water wei&hs, what is ordinarily 
called a ton 

And so • , • there is ten to the fifteenth in a ton 
and we were talking about a hundred pounds so • 

There are ten to the fifteen over twenty • 

ADd the number is about one-half of ten to the 

{16) 

(17) 

(18) 

(19) 

fourteenth (20) 

Pin ti.mss ten to the thirteenth is a good fair guess, 
five times tan to the thirteenth , • • {21) 
RouatUy ••• one humdred pounds ••• equals one-
twentieth of a cubic 1118ter of water • , • (22) 

And approximately ane-tventieth times ten to the 
fifteenth cells • • . 

That's ••• can't be too far wrong •• 

Now, what sort of faith would I want to put in 
that 

Well • I could see 111::1 error in how big a cell is 
• • • off easily be a factor of three , • , 

So that got cubed • 

(23) 

{24) 

(25) 

{26) 

(27) 

So I think twenty plus or minus in either direction, I'd 
have to guess might be a fair • error • , • 

But, I haven't seen this problem • 

Analysis 

John read the problem and correctly identified the 

conditions and the goals of the problem (1 ), 1 He 

commented at the end of the session that he did not 

recall ever attempting to solve this problem (29), 

I~~~~~ediately alter reading the problem, John •as 

concerned with which approach to use on the problem, 

{28) 

(29) 

1. Working with the linear dimensions of the cell; or, 

2. Working with the mass of the cell {3). 

Each approach was relevant to the solution and he 

chose to work with the mass of the cell {4). 

In implement1ng this plan, John estiDa.ted the average

sized adult human body consisted of 100 pounds of cells. 

Next, he realized he had to estimate the weight of a 

cell (7-8) which led him to estimate the linear dimensions 

1, N WIBrals in parentheses refer to statement numarals in 
Problem-Solving Protocol. 
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of a cell (9-10). His estimate of the dimensions of a cell 

(12-15) was baaed upon the ~~fication needed to see e 

cell through a microscope (14). 

At this point, John returned to his original plan and 

its implementation followed in a logical, structured 

manner and was monitored throughout the entire solution 

process. Conscious metacognitive state~nts can be found 

in (7-11) and (14). 

In the end, John stated hie an~r (21), checked his 

work (22-23) and was satisfied with his solution. He took 

approximately 2 minutes and 50 seconds to give his complete 

solution. 2 

Discussion 

In this example, the decision-making processes employed 

by John were very effective in obtaining the corr-·ct 

solution. For example, the managerial decision ~ 

(i.e., choosing to work with the mass of the cell) was a 

well thoUBht out and plazmed process. Implementation of the 

plan (i.e., the tactical decisions) was carried out in a 

highly efficient and accurate manner. Overall, the 

problem-solving behavior exhibited by the subject was 

well pla:oned, moni tared and assessed for accuracy and 

2
• For purposes of this study, John's solution was 

considered correct but a search through various journals 
and books produced various solutions. I encourage the 
reader to try and find his/her cnm solution to this 
problem. 

3elief 5: Se believea the ability to use analogies 

and quis~y recollect similar problems is important for 

successful mathematical problem solving. (Q1, 5) 

Belief 6: ~e believes it is important to review 

idea.e and !'acts (that ''keep popping back into my head") in 

preparation for future mathematical problem solving. (-iS) 

In this case, John believes the use of analogies 

(belief 5) and flexible thinking (belief 1) are important 

factors involved in successful problem solving. Also, he 

believes in using alternative methods in solving mathema-

tical problems in preparation for future problem solving 

(belief 4). Therefore the cumulative e!'!'ect of linking 

together beliefs 1, 4 and 5 may help e%plain "vhy" and 

"how" John vas able to generate and state various approaches 

to this problem. 

In general, this problem requires the proble_ solver to 

recall and utili:!:~ in!omation stor.d in long term IIIBmory 

and therefore having a "good memory" contributes 

significantly toveard obtaining a correct solution. 

In this ca.ee, combining beliefs 2, 3 and 6 resulted in 

John's ability to choose an efficient plan and implement 

it correctly. 

It seems as tho\18b the beliefs acquired by John in 

relation to mathematics and mathematical problem solving 

played a strong and positive role in his decision-making 

processes and his overall problem-solving performance. 

(DeFranco, 1987, pp. 43-45) 



Conclusion: llglications for Teachi.n« M§thematics 

The results of this study support Polya's (1973) 

suggestions on becoming a better problem solver, and there

fore his suggestions are invaluable tools for mathematics 

teachers. 

For example, according to question 5 of the P-S-T 

Questionnaire (Appendix C) (i.e., .•• What general strate

gies or techniques do you think you would use to help :you 

toward the solution of a problem?) the most frequently 

cited response was the "uae of analogies". This response 

is identical to Pol:ya' s suaestion of "recalling a similar 

or analO£Qus type problem". Also, mar17 of the responaes 

given b:y the subjects to this que at ion correspond to the 

list of heuristics prescribed in his book, 

In question 6 of the P-S-T Questionnaire, (i.e., When 

do :you rework and use or not use al ternati ftl IDBthoda to 

solve a problem?), 12 out of 16 subjects responded almost 

alwqs or that tbe:y would use alternative IDBthoda under 

certain condi tiona relating to the problem. 

In his book, Pol:ya (1973) presents a four-step model or 

framework which c.n be used as a guide to help llll individual 

become a better problem solver. In the last pbaae of his 

llodel (i.e,, Looking Back) Polya instructs the reader to 

rework problems (i.e., by using alternative methods, by 

changing the condi tiona of a problem, b:y chan8ing the soal of 

a problem, etc.) and therefore, the responses b:y the subjects 

to question 6 parallel the last phase of Pol:ya' s probl~ 

efficiency throughout the entire solution process. 

The protocol demonstrates tbat John's ability to 

regulate and control his actions on this problem (i.e,, 

part 2 of the definition of metaooenition) wre 

instrumental in helping him attain a correct solution. 

\olha.t else could explain his actions on this problem? 

A set of beliefs (i.e., information associated with John's 

metacoeni ti ve knowledge) may have guided or in!luenced 

his problem-solving behavior (in a positive way) on this 

problem, 

After examining John's responses to some of the 

questions on the questionnaire (see the Person-Strategy

Task Questionnaire in Appendix C, it seems that John 

has acquired the following beliefs: 

Belief 1 1 Be believes one of the most important 

characteristics of an expert problem solver is to be 

flexible and to think of various approaches to a problem. 

(Question 1 ( Q1) ) 

.Belief 2: He trusts his IDBmory for mathematical 

facts. (Q2a) 

Belief J 1 Be belivea having a "sood me111017" ia 

important for succesatul 11athematical problem solving, 

(Q2b) 

Belief 4: He believes it ia important to uae 

alternative methods in solving mathematics probl•s in 

preparation for future mathematical problem solving. 

(Q6a) 
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solving model. 

What are the implications for tea.ching gatb..ered from 

the responB&s to questions 5 and 6? To begin with, the 

study has indicated expert problem solvers believe they 

rely an analogies to solve mathematics problems. Therefore, 

how mathematical information is received, stored and 

accessed from IIIBmory are evidently crucial issuss involved 

in successful problem solvin8. 

For example, according to information processing 

models of human behavior, an individual receives information 

into short-term memory (&I'M). This information is usually 

"chunked" (i.e., individual bits of information that are 

familiar or recognizable by an individual) and processed 

into Sl'M in milliaeoonds. An individual can usually take 

in about 4 chunks at any one time. Next, if the _:U'orma

tion is to be placed into l~term memory (LTM) ':hen the 

individual must fixate on the chunk of information to be 

stored for approximately 8 to 10 seconds (Simon, 1980), 

Therefore, if students are to receive, store and 

access mathematical ·information properly, mathematics 

teachers must give students the necessary tims to dJ.aest 

and renect on new mathematical information. 

Next, according to the responses from questions 5 and 

6, it seems mathamatios teachers should expose their 

students to the e:z:perienoe or doing many different problema. 

Also, they should teach them to UDderstand the UDdsrlY'in8 

structure o£ a mathematics problem, in order to improve the 

student's ability to recognize strategiee for solving 

similar type problsms. 

Mathematics teachers should routinely lead their 

students to discovering various alternative approaches to 

~~athematics problema and train student& how io recall 

these analogies, This would create a reservoir of 

siailar type probleu that could be helpful for present 

and future preble--solving endeavors. 

Another implioation for teaching, deals with 

teacher-student .. thematical belief systems, From this 

study, it seemed mathell&tical beliefs held by Ph.D. 

mathematicians influenced (positively or negatively) 

their problem-solving performance on various mathematics 

probleu. Therefore, it is natural to &aS\1118 that the 

.. thematical beliefs (and beliefs in general) held by 

students may influence their mathematical problem-solving 

behavior, 

To begin with, what is ~~~eant by the tem "a belief 

system"? !ccordiQg to Rokeach (1960). 

The belief syatem is conceived to 
represent all the belis!s, seta, 
erpectanciee, or hypotheses, conscious 
or unconscious, that a person at a 
gi van u.. accepts as true of the 
world he lives in. (p. 33) 

Vhat influence do teacher's beliefs about mathe

matics and mathe .. tical problem solving have on a 

student's problem-solving performance? Thompson (1982) 

examined three junior higb school teachers conceptions of 



mathematics and teaching in relation to their inetruc-

tional practice, She found, 

••• the teachers' views, beliefs, and 
preferences about mathematics and its 
teachi.ag played a significant, albeit 
subtle, role in shaping the teachers' 
characteristic patterns of instruc
tional behavior. (p. 285) 

Therefore, if a teacher's views and beliefs about 

mathematics play a role in his/her instructional behavior 

then it seems that various beliefs about mathematics and 

mathematical problem solving will be communicated to the 

student. Therefore, students vill acquire ma.ny beliefs 

and misbeliefs about mathematics. 

For example, from this study, it seemed that many of 

the subjects felt that having a "good memory" was 

necessary for successful problem solving. On th~ other 

band, if an individual acquires the belief that raving a 

"bad memory" may prevent him/her from solving a problem 

then this belief may help explain an individual's lack of 

perseverance on a problem, 

Also, from the subjects' responses, areas such as 

confidence, interest, a "love" of doing mathematics and 

an overall positive attitude toward mathematics, etc. 

seemed to contribute to successful mathe.atical problem 

solvihg. Therefore, these qualities should be stressed 

while teaching mathematics. 

On the issue ~,f practical eugeeetions for teachers 

dealing with beliefs, Schoenfeld (1985b) stated: 

••• the real difficulty come1 in helping 
students to remove inappropriate beliefs 
or ideas: those beliefs must be discovered 
before they can be removed ••• Mis-beliefs 
are only likely to surface if students are 
given the opportunity to show us what they 
'know'. In the classroom I have found that 
the most effective way to find out what lies 
beneath the surface of students' performance 
is to repeat in different forms, one simple 
question: 'loby?'. (p. 375) 

Therefore, mathematics teachers should be aware of 

their beliefs about mathematics and mathematical problem 

solving and present mathematics in such a way that fosters 

and reinforces a positive mathematical belief' system in 

each student. 

A final implication for teaching from the results of 

In this study deals with the phenomena of metacognition. 

general, fra. the problem-solving protocols of the subjects 

in this study, it seemed that many of the subjec~s used a 

variety of metacognitive skills when solving the problema. 

For example, in many of the cases when a subject did a 

problem correctly, he checked, monitored and evaluated his 

work througbout the entire solution of the problem. 

In an analogoua vay, the ability of students to 

create an internal dialogue and interrogate themselves 

concerning their knowledge of mathematics and mathemat

ical problem solving may be a necessary skill for 

problem-solving success. A few simple metacognitive 

prompts during the solution process may help a student 

avoid inappropriate actions on a problem and may guide 

hill/her into selecting, revising, abandoning and 
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146 purauing proper strategies for the solution of the 

problem. 

Therefore, mathematics teachers should incorporate 

into their teaching atyle (in a natural way) , a method of 

questioning that demonstrates and encouragea students to 

reflect and introspect about their work during the 

solution of a problem. This may establish a method in 

which students learn how to properly manage their 

knowledge, thereby, improving their problem-aolving 

ability. 

Appendix A 
Person-Strategy-Task 
Questionnaire Booklet 

1. Please describe the qualities, characteristics or 
factors that you think make an individual an expert 
problem solver in mathematics, 

2a. Suppose you are asked to solve a mathematics problem 
(i.e. either a research problem or a textbook 
problem and one that you do not recall doing before). 
How does your memory for facts, information, theorems, 
etc., affect your problem solving? 

2b. What effect do you think this fact (i.e. your answer 
to part a) may have upon your ability to solve the 
problem? 

2c. Why? 

)a. Suppose you are asked to solve a mathematics problem 
and immediately after reading the problem, you 
realize that you do not think you have enough 
knowledge to solve the problem. ~at effect do you 
think this fact might have upon your ability to solve 
the problem? 

)b. Why? 

4a. Do you consider yourself to be an expert problem 
solver in mathematics? 

4b. ~? 

5. Suppose you are asked to solve a mathematics problem 
(i.e. either a research problem or a textbook problem 
and one that you do not recall doing before). What 
general strategies or techniques do you think you would 
use to help you toward the solution of the problem? 

6a. After solving a mathematics problem, when do you 
rework and uae or not uae alternative methods to 
solve the problem? 

6b. ~? 

1. Please describe the type(s) of mathematics problem(a) 
you enjoy and usually work on. 



8. Please describe the type(s) of mathematics problems 
you do B2! enjoy and do E£1 usually work on. 

9a. Which areas or branches of mathematics do you feel 
KJST confident worlti.n8 in? 

9b. Suppose that a mathematics problem you are working on 
falls in one of the areas or branches of mathematics 
you feel MOST confident working in. What effect, do 
you think this would ha~ upon your ability to solve 
the problem? 

9c. W'hy? 

lOa. Which areas or branches of mathematics do you feel 
LEAST confident working in? 

lOb, Suppose that a mathematics problem you are working on 
falls in one of the areaa or branches of mathematics 
you feel LEAST confident working in. What effect, do 
you think this would have upon your ability to solve 
the problem? 

lOc, 'Why'? 

Appendix B 
Problem-Solving 
Task Booklet 

Question 1 

In how many ways oan you change one-half' dollar? 

QueatiCil 2 

Eatimate, as accurately as you can, how many cella misbt 
be in an averaee-aized adult human body. What is a 
reasonable upper estimate? A reasonable lower estimate? 
How muoh faith do you have in your figures? 

Queation 3 

Prove tbe following proposition: 
It a side of a triangle is leea than the averaee of the 
two other aides, then the opposite angle ia lees than the 
avera,p of the two other BllBlea. 

Queaticn 4 
You are g:1. ven a fixed triangle T vi th Base B. Show that 
it ia alwaya possible to construct, with ruler and compass, 
a a~aisbt line parallel to B such that the line divides 
T into two parts of equal area. 

Appendix c 
Excerpts from the Person-Strategy-Task 

l(ueetionna.ire 

Question 1 (~): Please describe for me the qualities, 
characteriatica or factors that you think make an 
individual an expert problem solver in mathematic&, 

Response: I think one of the main problema for the 
problem solver is to , , • not be locked onto a single 
approach, So one has to aort of relax and , •• think of a 
lot of possibilities at once, that's certainly one 
important way to look at it. Certainly one of the moat 
important factors is experience ••• it's remarkably 
common to find , , , that a problem that you've been asked 
ia quite similar to some old problem and if you have the 
ability to quickly recollect another problem which is 
similar or possibly even exactly the same obviously that's 
a great advantage , , , this ia all a question of just 
thinking fast basically , • , thinld.ng over the various 
possible approaches which you know, the more e%perience 
you have the more • , , you can draw on to, to give 
yourself possibilities of ways of thinking about it. I 
think about that it is very useful to use analogies , 
of various aorta, aolll8timea one can, can translate a 
problem into another context and aee that you have an 
equivalent problem • , , ~there the •• , the ans•"'r is 
somewhat more obvious on perhaps ao11111 physical gX"Ounda or 
something of that aort. But O'ntrall I would say 
experience and faat thinking are the moat illportant 
conaiderations. 

Question 2a: Suppose you are asked to solve a 
mathematics problem {i.e,, either a research problem or a 
textbook problem and one that you do not recall doing 
bef'ore), How does your memory for facta, infomation, 
theorems, etc,, affect your problem solving? 

Response: Well obrtou.aly • • , very strongly. But 
exactly how ia not entirely clear to me • • • As I said a 
moment ago the tint thing oae does ia try to think about 
analogies in one aort or another and to think over other 
problems which if not exactly the aame are at least close 
• • • and • • , then bring in theorems , • , I certainly 
don't feel that at ~ point I simply parae my way through 
a strong string of theorems in hope a of • , , getting there, 
although I certainly do • , , think about individual 
theorema which I know , •• ~tithout having sort of gone 
throueh a atring or at least not consciously gone through 
a string • , , han hypothesis which are somehow related 
to the problem in band. 
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~uestion 2b: What effect do you think this fact (i.e., 
your a.nawer to part (a)) ma:y have upon your ability to 
solve the problem? 

Response: I don't know what fact you mean? •• , how does 
your memory , , , I don't know how it does so I don't know 
if that' a a !act in any event, But • • , I don't see hov 
to answer this, I mean it's perfectly clear that , , • I 
cast about through , , • the entire I'IUJ88 of m;y experience 
in mathematics in so far as it appears to be relevant to 
, , , the problem in hand , , , and , , , without that I 
would have no possibility of solving the problem , • , so 
obviously it is all important. 

Question 5: Suppose you are asked to solve a mathematics 
problem (i.e,, either a research problem or a textbook 
problem and one that you do not recall doing before). 
~t general strategies or techniques do you think you 
would use to help :you toward the solution or the problem? 

Response: Well, as I told you the only thinB I can think 
or is to think or analogies ••• iD either context, 
although the nature or the analogies are likely to be 
different. Anyth1ng which is called a "textbook problem" 
one automatically presumes is solvable withiD a 
relatively confined context, iD the sense that, the 
problem 11' it ia in !act in the textbook is likely to be 
in a certain chapter which baa to do with integration or 
linear algebra or whatever, and one can often solve such 
a preble• in that context, In other vorde, the context 
provide& you a much narrower area in which you .ust aearch 
!or analogies and strategies, Nov the more genaral 
question, what kind of strategy does one use? , • , in 
geDBral, hov does one do it? Well certainly one of the 
aaaieat and moat efficient tecbniquaa, is to take a 
problem vben it is not totally, tishtl:y ••• propoaed, 
That is to aa:y 1 it one wants to prove that BOII8th.tnc is 
true in general, certainJ.7 ODe of the beat strategies 
is to conaider an axt:reMl:y simple apecial case o! the 
problem.,. it you have a proble• that baa to do with all 
integers !or e%8aple, start out with tvo ••• inatead or 
the general N ,N = 2, aae it you can sea what 'a go!.nB on. 
H • 3, see 11' you can see what' a goi.nB on. B:y that tima 
11' it's true, ;you probably can see what's go!.nB on, 
SOJDBti.mea that or course doesn't work. SOJDBtilllea ona 
doean•t find the real answer •o to apeak, the real structure 
UDd.erlyillg the thing until one' a gone a. long way and 
ao•ti... you get tired or that kind or stu!! • • • my 
ovn strategy baa been al¥a711 to • , • reconsider the 
!olmdationa or the iaaue in 8011111 Senile. I V81')" frequently 
spend a lot or time goillg over the 110at elementar,y aspects 
of' the subject in queat1on, in hopea o! aillplJ buildiDg 
my. • • react ion • • • loverillg DIY reaction time, so to 

epe&k, or , , , trying to somehow build an overall 
penpective on the k.inda of issues that are at stake. 
I use very large, uaental im.ages of , • • all aorta 
of abstract concepts, I have often times had JDBntal 
iuges which would be very ditficul t to describe about 
the meaning of certain mathematical structures. so-times 
they're , , , always pictures, they're always in a sense 
spatial tm&Bes or perhaps geometric , , • im.ages but 
soll8timea they're a little d.ifticul t to explain their 
actual relevance, so I would be bard pressed to do that •• 
but I do see often times patterns, and aa I sa:y I go over 
the foundations of a subject trying to see hov those 
patterns will emerge, with of course, ••• efforts to ••• 
sea how thoee thinga could be applied to the question in 
hand, I have often found in DIY reaearch that • , • I keep 
ceiling back to certain ideas, unable to see 'Why they're 
relevant and yet in the end they do prove to be relevant. 
So that when I find ideu keep poppi.nB back iDto my head I 
••• definitely make an effort to ••• review them 
frequently in hopes that once agaiD • , , some idea which 
I don't perceive exactly the relevance of, will indeed 
turn out to be ok. • , 

Queation 6a: After aolvinB a mathematics problem, when 
do :you re-work and use or not uae alternative ~~~ethods 
to solve the problem? 

Response 1 Well, this again depends a great deal ':In my 
involvement with the problem. I1' I'm really concerned 
vi th this problem, that is, I really am interested in 
knowing more about the area in which the problem occurs, 
then or coune, I would alvaya try to re-work the problem 
and try and see if there are other vaya to look at it , • • 
IIIIUl7 ti.maa more effective methods of looking at the 
problema and ao on. On the other hand, there are problema 
lilal a problem vbich aomebo~ poses aa a sort of a. di.rmer 
tabla "cutie" or something lilal that in vbich, ;you know, 
I solve it and that'• that. I •an it's not worth rq 
effort to go attar it in 110re detail. But eometillea I 
do that ~ov !or mental problema, that is, problems 
which are sort or cute proble11111 which are passed around 
aa ••• probleu to think about and prelllUI&bl:y be solved 
quickly by one, !rom one mathematician to another, not 
research problU8 but tauars. I find that ••• 
ao•ti•• I do stu~ those • , • juat to try and see 11' I 
can think of other va.ya or gett ina' at it and it turns out 
they're often maQ7 ways or gettiag at thoaa problems and 
• • , often times when such a. probl .. is proposed you 
aDBVar it and ;you offer a suggestion aa to how :you did it 
and aoDIItbo~, says "Oh, that's an intereat1ng va.:y, I 
thOUsht about it this VB¥ and the other guy baa an 
entirel7 diffarent V8J of looking at it. So, those 
schemes are ve17 uaetul in buildillg :your overall strategy 



tor utheutics solving, it's just that it gives you 110re 
experience, it gives you more •• , alternative routes to 
look at SOIIIIIth.ing , • • and obviously theee are useful at 
all levela, the alternative route is part of the vbole 
atrategy that I ~~entioned earlier. 
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A great deal of research has been done and still is being 

done in the field of s~dents' alternative frameworks all 

over the world (though mainly, as far as we know, in the 

"western" world). A bibliography, continually updated, 

started with several hundred papers, articles !nd books, now 

it already contains more than 1 000 (Pfundt, Dt11t, 1987). Two 

groups of researchers have been formed, an informal one 

called the "Invisible College" and a Special Interest Group 

of the AERA (SIG "cognitive structure and conceptual 

change"). Although some excellent review papers (e.g. Driver, 

Erickson, 1983; Gilbert, Watts, 1983; Hashweh, 1986), 

summarizing books (e.g. Osborne, Freyberg, 1985; Driver, 

Guesne, Tiberghien, 1985) and bibliographies (e.g. Pfundt, 

Duit, 1987; Giordan, 1987) are available it has become 

difficult to keep track of what has been done, what is being 

done and what will or should be done in future. This paper 

tries to give some guidance in such an endeavour. A 

comprehensive review cannot be expected. I merely want to 

present some frameworks and categories which appear to be 

helpful (in my view) in leading to an insight into topics of 

research, into theoretical frameworks employed and into the 

consequences drawn fo: science teaching. 

2. STUDEMT'S CONCEPTIONS IN DIFFERENT CONTENT AREAS 

Research on students' alternative frameworks in science is 

based on the idea that the conceptions the learner already 

holds considerably influence the learning process. Empirical 

research therefore started investigating students' 

conceptions before instruction as well as the change of these 

conceptions during instruction, mainly within ''traditional" 

instructional settings. Only recently is there a rapid 

increase of studies in which the effect of newly developed 

instructional settings (new learning strategies, new setups 

of content and other new instructional arrangements, see 

chapter 6) is investigated. But until now studies of the 

first kind predominate. In the above-mentioned bibliography 

by Pfundt/Duit (1987) some 550 entries are of the first and 

only some 120 entries of the second kind. 

It may be interesting to look at the different content areas 

in which empirical studies of the first kind are available 

(see tab. 1). It is surprising that physics' topics are so 

dominant. Compared with the number of studies in the area of 

physics, the number of studies in the areas of biology and 

chemistry is rather small. 

A brief remark is necessary at this point. It may well be 

that the great dominance of physics topics in tab. 1 is 

partly due to the fact that my attention is concentrated on 

physics because I am a physics educator. But I try to 

compensate this "one-sideness" as much as possible. My 

colleague Helga Pfundt who ran the bibliography until her 

death was a chemist. Now my colleague Werner Dierks provides 

me with articles from the field of chemistry. It is true that 

I do not systematically look for articles with a biological 

emphasis, but only recently I was provided by M. Barker and 

A. Giordan with bibliographies of this area which are 

included in tab. 1. 
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KICBANICS force and motion/work,power,enerqy/speed, 
~--=mrma76~ acceleration/gravity/pressure/density/ !* ..... ..-:-. ....;:... -:-.. 

floating,sinking 

ILICTRICITY simple,branched circuits/topological and 

m%:~ 10, geometrical structure/models of current 
flow/current,voltage,resistance/electro-
statics/electromagnetism/danger of elect. 

BEAT heat and temperature/heat transfer/expan-

1m '7 sion by heating/change of state,bolling, 
freezing/explanation of heat phenomena 
in the particle model 

OPTICS light/light propagation/vision/ 

m '0 color 

PliTICLIS structure of matter/explanation of pheno-

m 39 mena(e.g.heat,states of matter)/conceptions 
of the atom/radioactivity 

DDGY energy transformation/ - conservation/ 
m "1.7 - degradation 

lSTROifOKY shape of the earth/characteristics of 

B 19 gravitational attraction/satellites 

"IIODDK" PHYSICS quantum physics/special relativity 
I 5 

CBDISTRY combustion,oxidation/chemical reactions/ 
~ 56 transfor•ation of substances/chemical equi-

librium/symbols,formula/mole concept 

BIOLOGY plant nutrition/photosynthesis/osmosis/ 
m •o life/origin of life/evolution/human c1rcu-

lary system/genetics/health/growth 

Tab.l: Studies on students' conceptions in different areas 
(the figures give the number of articles contained 
in the bibliography by Pfundt/Duit (1987) in a certain 
area) 

About 550 studies are reflected in tab. 1. Do we already know 

enough about students' conceptions in science topics? Claxton 

(1986) is of the opinion that we indeed know enough about 

them so that there is no need for further studies 

investigating conceptions. I think Claxton is only right if 

one takes the point of view of a researcher who wants to 

develop a somewhat comprehens1ve (general) theory of learning 

science. Indeed the research findings available so far allow 

us to understand main general aspects of learning 

difficulties. They do provide, for instance, much empirical 

evidence for one of the basic ideas of the constructivistic 

view of learning, namely that conceptions considerably 

influence perceptions (e.g. observations) (see e.g. 

Karmiloff-Smith, Inhelder, 1976; Gauld, 1986). Many other 

examples of this general kind could be given. Indeed, there 

is much empirical evidence available wh1ch allows a new 

general view of teaching and learning science to be 

developed. 

But Claxton (1986) is not right if one takes the point of 

view of a teacher or a science educator who wants to prepare 

or to plan instruction for a specific science topic. Of 

course, general considerations on aims of science instruction 

and on the role of students' conceptions in the learning 

process may guide the planning process and instruction in the 

classroom. But very specific knowledge of students' 

conceptions in the specific content area is necessary. This 

is especially true if Claxton (n.d.) is right (and I think he 

is) that students' conceptions (Claxton speaks of "mini

theories") are content-specific. 

A brief look at tab. 1 from this point of view reveals that 

there are many topics relevant in science instruction in 

which nothing or little is known about students' conceptions. 

That is obviously true for the areas of biology and 



chemistry, where only a small total number of st11dH:s 1s 

available. But it is even true for the araa ~f phys1cs. Jf 

cours2 t~era are certain top1cs where enough stud12s are 

avaUable. I th1nk, for 1nstance, that furthar st,Jdies •111 

not re~eal too much new 1nformat1on on students' 1deas of 

force. But also 1n fields where many stud1es !re !Va1labl~ 

(such lS mechanics and electricity) there are st1ll importa~t 

top1cs (such as electromagnet1c 1nduct1Jn 1n th~ f12ld of 

electr1c1tyl which have not been in~est1gated so far. Other 

f1elds of phys1cs, such as magnetism and sound, appear to 

have missed out on any, at least any cons1derable attention 

so far. I hold, therefore, that further research on students' 

concept1ons of the f1rst k1nd is necessary 1n order to 

prov1de teachers and science educators w1th suff1c1ent 

knowledge of poss1ble students' concept1ons 1n 1ll rele~ant 

areas of sc1ence. Tab. 1 may gu1de such a resc,rch 1n order 

to avo1d "butter flying through the curnculum· Pines, 'west, 

1986), 1.e. research sucklng one misconcept10r, .1ere, another 

there. 

3. STUDENTS' CONCEPTIONS Of DiffERENT DOKAINS 

Research 1n our field is ma1nly based on a construct1~istic 

view of learninq, i.e. on the idea ment1oned abov2 that 

students' conceptions considerably 1nfluence learn1ng and the 

idea that students have to construct the1r knowledge actively 

{see some further remarks on the construct1~1st1: v1ew 

below). It lS interest1nq to analyze which kind of 

conceptions have been g1ven attention in research so far, 

i.e. which kind of conceptions have been viewed as most 

relevant concerning learn1ng science. 

A first reduction is remarkable. Although a constructiv1stic 

v1ew of learning underlines the importance of the affect1ve 

domain, the cognit1ve domain has been given and still is 

g1ven al~ost exclusi~e attention. In the cognitive domain 

there are some important reduct1ons too. The overwhalm1ng 

ma]or1ty of studies concentrate on sc1ence concepts, 1.e. on 

conceptions of science top1cs (see the over·:iew 1n tab. 1). 

Studies on science processes are rarely to be found {for an 

approach tak1ng students' concept1ons of the range and the 

nature of science concepts 1nto considerat1on see Niedderer, 

1982, Schecker, 1985) . 

Whereas sc1ence processes are not given much attention there 

are some attempts to detect general "modes of thinking" which 

may "stand behind" students' conceptions of specific science 

toplcs. Jung's research program, for instance, is a 

remarkable example of such an attempt. Beh1nd the great 

number of invest1gations of conceptions 1n the areas of 

electricity, mechanics, heat and opt1cs there s the search 

for general "modes of th1nklng" such as schema like the 

"give-schema" {see Maichle, 1981) or general Citegories of 

th1nk1ng like thinking in the category of relat1on (which is 

of great lmportance in s01ence, see Jung, 1979). Another 

attempt which shall be mentioned here 1s Andersson's (1986) 

interpretation of conceptions in different content areas 

w1thin the framework of ''experiental gestalt of causation". 

Di Sessa's (1985) interpretation of students' conceptions in 

the area of "force and motion" within his framework of 

"phenomenological primitives" {see below) leads into a 

sim1lar direction. 

A brief remark on recent research attempts will conclude this 

section. There are some studies now which go beyond students' 

concept1ons of science concepts, science processes or general 

"modes of thinking", namely investigating how students view 

what is qoing on in classroom (e.g. how they v1ew the role of 

exper1ments they perform) and how they view their own 
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learning process (see e.g. Tasker, Freyberg, 1985; Mitchell, 

Baird, 1986; further see some additional remarks in chapter 

6). 

4. THEORITICAL FRAKEVORKS Of RESEARCH. PART I: THE KANIFOLD 

TERKS USED TO IKDICATI STUDENTS' CONCEPTIONS 

Many terms are used to indicate what this paper so far has 

called students' conceptions. In the following I try to 

provide an overview of such terms. Although I do not mention 

all terms used in the literature I hope to mention the ones 

which indicate the most important positions of research. The 

purpose of the overview is not simply to show how a plethora 

of names can be given to almost exactly the same thing. I 

hope that the main lines of thought within our research area 

become visible. In order to understand the difrerent 

positions appropriately it may help to be remi~ded of the 

fact that researchers of rather different poinrs of view are 

cooperating in our field. On the one hand there are those 

researchers who are interested in general aspects of thinking 

and learning (e.g. problem solving-strategies). They 

investigate students conceptions in the area of science for 

the sake of developing their general theories. On the other 

hand there are science educators who are interested in 

guiding students to science. They investigate students' 

conceptions with the aim of improving science learning. Of 

course, there is a considerable overlap in the interests of 

the two groups. But there are also considerable differences 

which·lead to different emphasis on specific aspects. 

Conception. This term has been used in this paper so far for 
good reasons. In my view it appears to be the most "neutral" 
term. It indicates that the learner forms a "mental 
representation" of the world outside himself. Such a mental 
representation facilitates an understandinq of this outside 

world and of the behaviour appropriate within it. Conception 
appears not too far removed from what usually is called a 
concept. The difference seems to be that conceptions are 
somewhat looser or vaguer than concepts. Preconceptions 
indicate the conceptions students have formed before 
instruction. 

Conceptual fraaework. "By the construct "conceptual 
framework" we shall mean the mental organization imposed by 
an individual or sensory inputs as indicated by regularities 
in an individual's responses to particular problem settings" 
(Driver, Enckson, 1983). 
Conceptual framework appears to be not too far from what has 
been called conception here. The difference seems to be that 
conceptual frameworks are of a rather more general nature, 
i.e. do not indicate single, very speciflc conceptions. 

Construct. This is a term stemming from a constructivistic 
point of view (see e.g. Kelly, 1955). The meaning is more or 
less the same as the meaning of conception if the above 
statements on conception are given a constructivistic 
meaning, i.e. the idea is taken that every student has 
actively to construct his "mental representation" of some 
part of the world outside. 

Misconceptions. Misconceptions are conceptions •hich are 
incorrect viewed from the standpoint of science. Quite often 
a value judgement is connected with the use of this term: the 
science conceptions are the only ones which can be tolerated, 
the misconceptions have to be erased. Because the great 
majority of researchers in our field do not take such a 
traditional "hardliner's" point of view the term 
misconception is avoided by quite a considerable number of 
them. Some give it specific meanings. Nachtigal! (1986), for 
instance, terms misconceptions incorrect conceptions (seen 
from the science point of view), which have been formed by 
science instruction itself. Recently the aspect indicated by 
the prefix "mis" appears to be discussed under the heading of 
"students' errors" (see e.g. Fisher, Lipson, 1986). 

Alternative fraaewort. This term has been proposed by Driver 
and Easley (1978) as reciprocal to the term misconception and 
its above mentioned "traditional" view of science. The term, 
therefore, stands for a program with which most researchers 
in our field will agree: students' conceptions are no longer 
viewed as conceptions which have to be erased in science 
instruction as fast as possible but they are viewed as 
conceptions in their own right. In many everyday situations 
they are, for instance, most helpful. Quite often they are in 
such situations more helpful than science conceptions. 



Children's science. This t~rm also Indicat~s that chl:lr~ns' 
conceptions are concept1ons 1n their own right. It st>r~s 
from Kelly's (1955) "man-the SClentist" ldea, l.c. fr)IC n.-e 
idea that the mental constructions of all hu~an.~~lngs are ~n 

principle quite comparable to the constructions of 
scientists. Ch1ldren. therefore, are also sc1ent1s•s, though 
of course only with1n the l1mited range of the1r state of 
development (see e.g. Gilbert, Osborne, Fensham 1?82). 

Mini-theory. Claxton (n.d.) follows the 1dea of the child as 
a scientist too, "theory" 1ndicates this. "Min1" stands for 
the fact that most students' conceptions do have only a 
rather small range of valid1ty. Mini-theories are content and 
context specific, i.e. students hold many of these theor1es, 
each of them valid only 1n small content and context areas. 

Idea, notion, belief. There are many other terms 1n use to 
highllght specific aspects of students' conceptions. "Idea" 
and "notion" indicate that students' conceptions quite often 
are somewhat vague. "Belief" highllghts the fact that many 
students' conceptions have aspects of a rather deep-rooted 
conviction, students "believe" in them. 

Scheaa, script, fraae. There are many relations between 
research in our field and cognitive psychology. Therefore, 
terms of cognitive psychology are frequently •r"d in 
students' conceptions research (for a critical review see 
Jung, 1985). Schema is a term already used by Piaget. In our 
field it is usually used in the following way Jung, 1985): 
it does not indicate what Claxton (n.d.) calls i mini-theory, 
1t 1s used for general "modes of thinking" such as the "give
schema" which plays an important role in many areas ("a 
battery, for instance, gives current, energy or something 
else to a bulb" according to many students' ideas in the area 
of electricity; see Maichle, 1981). 
Frames are "powerful background schemas" (Jung, 1985), i.e. 
concept1ons which guide thinking and acting in somewhat 
broader areas. 

Phenoaenological priaitive What di Sessa (1985) has called 
phenomenological primitives ("p-prims") are rather general 
conceptions: phenomenological primitives "can be understood 
as simple abstractions from common experiences that are taken 
as relatively primitive in the sense that they generally need 
no explanation, they simply happen" (di Sessa, 1985). An 
example of a p-prim is "Ohm's Law": the bigger the drive of 
something the bigger is the effect and the bigger the 
hindrance the smaller is the effect. Phenomenological 
primitives are powerful "background schemas" (i.e. frames) to 
employ the above mentioned meaning of these terms. They form 
when the child is confronted with phenomena and tries to 
manipulate them. 

5. THEORETICAL FRAftEVORKS Of RESEARCH. PART II: 

THE CONSTRUCTIVISTIC VIEW OY LEARNING AS CONCURRING 

POSITION 

Tha. preced1ng part I of "Theoretical frameworks of research" 

has pointed out that there is considerable concurrence 

between researchers in our field despite manifold 

d1fferences. In the past years 1t has become common to 

descr1be this concurrence within an constructivistic view of 

learning. Rather briefly scetched (for more deta1ls see 

Gilberg, Watts, 1983; Glasersfeld, 1983; Driver, Oldham, 

1985; Watts, Pope, 1985) a constructivistic view means that 

human learning is viewed as a very active construction 

process. Learning is not seen as a process of simply storing 

pieces of knowledge provided by a teacher (a book or anything 

else). It is on the contrary seen as a process of actively 

constructing the knowledge by the learner hers lf on the 

grounds of her already existing conceptions. 

It is interesting to follow the roots of this construct

ivistic concurrence" in our research field, i.e. to look at 

the positions employed in order to underpin the construct

ivistic view (see e.g. in Driver, Erickson, 1983; Gilbert, 

Swlft, 1985): 

(a) Main trends in the philosophy of science in the 60's and 
70's: Hanson's (1965) idea that all perceptions are theory 
laden; Kuhn's (1970), Lakatos' (1970), Feyerabend's (1978) 
v1ew of knowledge as relational in nature, not being "nuggets 
of truth" (Kelly, 1955) but being human provisional 
constructions. 

(b) Information processing theories as have been worked out 
in the past 10 to 15 years (see e.g. Gentner, Stevens, 1983). 

(c) Constructivistic traditions in philosophy and social 
sciences (see e.g. Kelly, 1955; Magoon, 1977; Vatzlawik, 
1981). 
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It is certainly not by accident that the constructiv1stic 

view became prominent during the early SO's. 

There are trends of thinking in other areas wh1ch are very 

near to this view. The idea of self organizing systems 

appears to become a general way of thinking in natural as 

well as in social sciences (see e.g. Watzlawik, 1981). Th1s 

idea is near to basic views of constructivism insofar as 

systems organize themselves (i.e. construct new structures) 

due to specific traits of their internal structure in 

interaction with the environment. It is, for instance, rather 

exciting to read Bereiter's (1985) analysis of seeming 

paradoxes of the constructivistic view from the point of view 

of basic ideas of self-organising systems, especially from 

the point of view of self-reference. 

This idea highlights the problem how it is possible for new 

structures to grow up out of the system itself. This paradox 

is discussed at great length by Hofstadter (19'9), for 

instance, in a book which has in some way become a "cult 

book" of the 80's. 

The tendency of many science educators in our research field 

to adopt the constructivistic view expresses the need for a 

theoretical foundation of students' conceptions research. It 

would be quite an interesting task to follow this search for 

theory in the different research groups. The group in Surrey 

(Gilbert, Pope and others), for instance, started their well 

known and well recommended research method of "interviews 

about instances" (I-A-I) based on somewhat traditional ideas. 

One of the main references for the first description of the 

method (see Gilbert, Osborne, 1979) was, for instance, 

Klausmeier et al. (1974). Vhen adopting Kelly's (1955) point 

of view they also underpinned their "I-A-I-method" with this 

view but without changing the method of interviewing itself 

to any appreciable extent. Vhat they did change was the 

interpretation of the gained research data. 

There is some reservation about the term "constructivistic" 

because some streams of constructivsm in philosophy are 

rather near to solipcism, i.e. neglect social aspects of 

constructing knowledge. But in general the constructivistic 

view is accepted at least to a certain extent by all 

researchers in our field. "At least to a certain extent" 

means that this view does not always appear to be deeply 

rooted. Sometimes it is mainly or even exclusively employed 

when viewing students' learning, i.e. it is accepted that 

students have to construct their knowledge actively on the 

grounds of constructs already available to them. But it is 

overlooked that the constructivistic view has to be employed 

in a much broader manner. It also has to be considered that 

the researcher her/himself constructs the conceptions of 

students on the background of his/her conceptions (i.e. 

science knowledge, prejudices etc.). Research of students' 

conceptions does, therefore, always mean constcuing 

constructions of constructions (see Marton, 1981). Thus it is 

not only students' science knowledge which is provisional in 

nature, but also the researcher's knowledge of this 

knowledge. 

6. CONSIQUEICIS FOR SCIENCI TllCBING AND LEAlNIJG 

The following chapter sets out to provide some insight into 

the many and varied efforts to draw conclusions from research 

findings as well as from theoretical positions (i.e. mostly a 

constructivistic point of view) gained by analyzing the 

research findings. 

To understand the different efforts appropriately it may help 

to have an overview of conceptions which are of importance in 

science instruction. Tab. 2 tries to provide such an over

view. Some additional remarks on tab. 2 may be helpful. 



Media such as TEXTBOOKS which are 
used (but not produced by tbe teacber) 

(1)conceptions of science topics (e.q. 
energy, chemical bonding, particles, 
photosynthesls, nutrition) 

(2)conceptions of the nature and range 
of science (impllcitly or explicitly 
embedded in the media) 

I s c I E H c E I 
S T U D E H T T E A C B E R 

(!)conceptions of science 
topics 

(2)conceptions of the na
ture and range of 
science 

(3)conceptions of the 
purposes, the aims of 
science instruction 

(4)conceptions of the 
purpose of specific 
teaching events 

(5)conceptions of the na
ture of the learning 
process 

(6)attitudes to science, 
to specific topics of 
science, to learning 
science, to the science 
teacher, to being in 
school, to learning in 
general 

(!)conceptions of science 
topics 

(2)conceptions of the na
ture and range of 
science 

(3)conceptions Jf the 
purposes, th aims of 
science inst: uction 

(4)conceptions Jf the 
purpose of s~ccific 
teaching events 

(5)conceptions of the na
ture of the learning 
process 

(6)attitudes to science, 
to specific topics of 
science, to being a 
teacher, to the 
students 

Tab.2: "Variables• of a constructivistic view of science 
teaching and learning 

to (1): We know from many studies (see tab. ll that students' 
conceptions very often are not in accordance w1th sc1ence 
conceptions. But we further know that textbooks' concept1ons 
(see e.g. Nachtigal!, 1986) or teachers' conceplions of 
science topics (see e.g. Ameh, Gunstone, 1985) are also not 
always correct seen from the science po1nt of view. 

to (2): These conceptions are, so to speak, meta-conceptlons 
of what science is about. We do not know very much about 
students' meta-conceptions (see chapter 3) but we know some
thing about (sometimes hidden) philosophy of science of 
textbooks and teachers (see e.g. Korth, Cornbleth, 1986). 

to (3): That teachers' aims of teaching science and students' 
aims of learning science quite often do not accord is an 
important aspect. But so far we know very little about 1t 
which is based on empirical evidence (for some findings in 
this direction see Gunstone, Northfield, 1985). 

to (4): Tasker and Freyberg (1985) have provided us with some 
research findings on the different views of teachers and 
students on single teaching events (e.g. experiments). 
Teachers usually have a long term perspect1ve, for them a 
single event has its place within a structured sequence of 
related events. Students' quite often appear to miss such a 
long term perspective. They view, for instance an experiment 
as a single event unrelated to others. 

to (5): The constructivistic view as outlined 1n chapter 5 
led many researchers to the insight that views of the 
learning process is of decisive importance, teachers' view of 
students' learning and students' v1ews of their own learning 
(see further details below). 

to (6): There is no doubt that attitudes influence learning 
considerably. There is a great deal of research activity on 
students' attitudes (for a review see Gardner, 1985). But so 
far there appear to be only limited efforts to bring 
together research findings in the area of students' attitudes 
and students' conceptions. 

Tab. 2 may guide further considerations and further research 

on science teaching and learning. It may also help to 

appraise the following kinds of consequences which have been 

given main emphasis so far. 
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(A) To change the aias of science teaching 

There has been a continuous discussion of the a1ms of science 

instructlon throughout the history of this disc1pl1ne. There 

appears to be a neverending switch of emphasis on d1fferent 

pos1t1ons. In this sense, the d1scussion about chang1ng the 

aims of sc1ence teaching in favour of "ne~t" ones mainly 

serves to remind us of positions wh1ch are given only little 

emphas1s 1n our schools today. 

It is difficult to summarize the d1fferent proposals to 

change the aims of science teaching. My view 1s this: An 

extreme position which proposes to cancel sc1ence instruction 

(i.e. to let students stay with their everyday conceptions 

which are undoubtedly of value in most everyday situations) 

appears to have almost no recommendations. The overwhelming 

majority of researchers is convinced that 1t 1° 1ndeed of 

value for students to gain science conceptions. Claxton 

(1986) is of opinion that many researchers hol: pos1tions 

which are not very far from the tradit1onal a1ms. He lists, 

for instance, implicit assumptions made by researchers which 

are more or less traditional ones. Claxton may be right, but 

only to a certain extent. It is true, I think, that most 

tradit1onal science topics will also be part of the "new" 

curriculum on the grounds of the constructivist1c view. But 

there will be considerable changes on the level of meta

conceptions (see (2) in tab. 2), i.e. students' conceptions 

of what science is about. A "constructivistic" curriculum 

will usually aim at a relational view of science conceptions. 

Quitt a common idea appears to be that science instruction 

has to convince students that both the1r everyday conceptions 

and the science conceptions are conceptions in the1r own 

right which are valid in specific contexts only. 

Recent research findings have pointed out that students have 

severe problems in gaining such a relational v1ew of science 

conceptions. There is a strong tendency that students do not 

want to "play around" ~tith different concept ions, they want 

to know the r1ght {the true) one (see Dr1ver, 1986; M1tchell, 

Baird, 1986). 

There are research findings in the area of "complementary 

th1nking" which indicate another important aspect (Oser, 

Reich, 1986}. The ability of human beings to appreciate that 

complementary "theories" may both be val1d appears to develop 

slo~tly. The maJority of children in the above-mentioned study 

up to the age of about 16 were unable to admit that different 

points of Vlew can be "true" at the same time. 

The research findings ment1oned need further confirmation. 

They are of great importance for all constructivistic 

teaching strategies which explicitly discuss differences 

between students' and science conceptions in the classroom. 

If students' are really not only unw1lling but 1lso unable to 

mentally "play around" with different concept1cns which are 

valid in different contexts, constructivistic 3pproaches 

would run into severe troubles. 

(8) To change the content structure of instruction 

As has been mentioned most researchers still want to guide 

students to science conceptions, more or less to the 

traditional ones. It is, therefore, an obvious decision to 

change the setup of content in order to avoid misunder

standings or to challenge conceptions. Many proposals for 

overcom1ng learning difficult1es are of this kind. Feher and 

Rice (1985), for instance, challenge the conception of many 

children that a shadow "comes out of the body" when it stands 

in the light by using light sources which produce shadows 

which are not similar to the body any more but to the 

structure of the light source. Such light sources have not 

been part of the curriculum so far. 



(C) Hew teaching aids 

Of course, there is some hope that new teachinqs aids may 

help to overcome d1fficult1es. The computer 1s particular 

seen as promising (see e.g. Linn, 1986, Klopfer, 1986). 

(D) To change teaching strategies 

There 1s a considerable number of proposals for teaching 

strategies to guide students from the1r preconcept1ons to 

science conceptions. Driver and Er1ckson (1983) have 

summarized the main strategies as well as research findings 

concerning their success. This review mainly appears to be 

valid up to now. The conclusion that there are encouraging as 

well as discouraging findings, that in general a great 

"breakthrough" is not in sight, appears to be still valid. 

The strategies aim at what now is usually ca11~1 "conceptual 

change". They are generally rooted in construc:1vistic frame

works. The strategy of Posner et al. (1982) is ~uite 

paradigmatic for most of them. It is rooted in 1nformation 

processing theory and in Kuhn's (1970) idea of paradigm 

shift. According to Posner et al. (1982) there are four 

conditions for conceptual change: 

- dissat1sfaction with existing ideas 
- the new conceptio~ must be intelligible 
- the new conception must appear initially plausible 
- the new conception must be fruitful. 

The first and the last condition have proven to be the most 

difficult ones for students. It is rather difficult to create 

dissatisfaction with existing ideas. Students are very often 

unable and unwilling to change their conceptions because they 

are quite pleased with them and because they do not see 

clearly enough in which respects the new conceptions are more 

fruitful than the old ones. Indeed science conceptions are 

quite often more abstract and more sophisticated than 

students' conceptions. That they are in some way more 

fruitful is understandable only for those who are already 

very familiar with the science point of view (see. e.g. 

Mitchell. Baird, 1986; Dri·:er. 1986). 

Clark (cited in Pope, 1985) has argued against strategies of 

conceptual change that they are usually designed from the 

ult1mate result of teaching, namely the science conception, 

and not from the needs of students. 

Another problem of these strategies has already been 

mentioned (see (A)). They are based on the assumption that 

students are able to admit that both the students' 

conceptions and the science conceptions are conceptions in 

their own right, i.e. are both valid although in different 

contexts. Research findings appear to shake this assumption, 

especially for students in the 12 - 16 age-group. 

(E) To eaploy strategies of aeta-learning 

As pointed out in the remarks on tab. 2, students' concept

ions of their own learning process are of great importance. 

There are several proposals for meta-learning, i.e. for 

promoting students' insight into their learning processes and 

enhancing them by specific strategies (see e.g. Novak, 1985). 

Empirical studies on the impact of meta-learning strategies 

carried out by Baird (1986) and Mitchell, Baird (1986) have 

shown that there is some success of such strategies but that 

success is considerably limited by certain conditions of 

learning and that general meta-learning strategies are not so 

helpful as strategies accomodated to a specific content. They 

further report that students view such strategies, especially 

in the beginning, as rather boring. It would be interesting 

to have more studies of this kind in order to reach a 

conclusion whether meta-learning strategies really help to 

overcome difficulties in learning science. 
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(f) To teach teachers constructivistic ideas 

Constructivistic ideas can only work in school practice if 

teachers are familiar with them and are conv1nced of their 

value. Gunstone, Northfield (1986) report on experiences to 

·teach a constructivistic view of learning to teachers. They 

found that the teachers had as much difficulties to proceed 

from their traditional view of learning to a constructivistic 

one as students have to proceed from their preconceptions to 

science conceptions. Further research on this is running in 

Leeds (s. Driver, 1986). Hopefully other research will 

follow. 

This chapter set out to provide some insight in proposals for 

making science instruction more fruitful and more effective 

which are based on a constructivistic point of view and on 

research of students' conceptions. The state of research does 

not allow summarizing conclusions. Although at the moment 

more problems have been revealed than consequences success

fully drawn, it not only appears to be promising but 

absolutely necessary to continue research in this area. 

7. CONCLUDING RIXAIIS 

Research in the area of students' conceptions started some 10 

to 15 years ago with the investigation of students' 

conceptions in several science topics. It was deliberately 

reduced mainly to this cognitive aspect of learning. It met 

interests of psychologists involved in the "cognitive turn", 

i.e. involved in cognitive psychology. When research got 

under way and a further theoretical foundation was developed 

or adopted, it became clear that the problem of learning 

science cannot be reduced to this starting aspect. As the 

preceding chapters have pointed out, we have now returned to 

the whole complexity of science teaching which we wanted to 

reduce at the outset. This is a great challenge to research 

In our field. On the one hand, taking the whole complexitY 

Into consideration is unavoidable, but on the other hand, 

research could lose its bearings in the labyrinth of this 

complexity. 

There is another aspect of utmost importance for research in 

our field. So far there have only been rather l1mited 

attempts to carry our state of knowledge I.e. our knowledge 

of students' conceptions in different areas of science as 

well as our teaching proposals) to the teachers. Considerable 

emphasis should be given such attempts. But their is a 

remarkable problem. Almost no empirical studies are available 

on the needs a teacher really feels. We do not know, for 

instance, whether teachers are already aware of the learning 

difficulties our research has revealed or whet'~r we have to 

make them aware of it. Here too, research woul1 be helpful. 
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PHILOSOPHY OF SCIENCE IN TEACHER EDUCATION 

Martln Eger 

CUNY, College of Staten Island 

The philosophical p~econceptions held by science 

teache~s have a~oused g~eate~ inte~est ~ecently.l 

I can ce~tainly conf1~m that such p~econceptions do 

exist, and that epistemologically they a~e, in 

gene~al, of an empi~icist natu~e. But the~e is 

mo~e. Although my pu~pose he~e is not to offe~ 

statistical data, it may be useful to p~eface the 

main subject of this pape~ by indicating b~Iefly 

the gene~al cha~acte~ of these p~econceptions as 

they appea~ to me in the cou~se of teaching 

philosophy of science to g~oups of in-se~vice, high 

school science teache~s in New Yo~k City. 

Epistemological empir-Icism su~faces often in such 

~ema~ks as this: "I believed that anything stated 

in a science text was a fact unless othe~wise 

identified ..•. Theo~ies had been taught to me as 

fact th~oughout high school, college, and g~aduate 

school." Howeve~, many teache~s also evince a 

tha~oughgoing ontological ~ealism of two diffe~ent 

kinds -- in ~ega~d to concepts and in ~ega~d to 

1 aws. That is, such const~ucts as ine~tial mass 

a~e assumed to be p~e-existing and Ql§SQY~!:~Q; 

while in ~ega~d to laws, one often finds that these 

also a~e taken as p~e-existing, discove~ed, ~QQ 

absolute. Thus, another teache~ was ve~y sceptical 

that "continuous c~eation of matte~" Cas It appea~s 

in "steady-state" cosmology> could possibly have 

been p~oposed by legitimate scientists, even if the 

amount "c~eated" was below the th~eshold of 

detection. "It violates conse~vation of energy," 

she insisted. When it was po1nted out that blg bang 
theo~ies a~e based on a similar, pe~haps mo~e 

d~astic notion, this teache~ confessed that, 

indeed, she had always had t~ouble unde~standing 

the b1g bang fo~ the same ~eason -- which JUSt 

shows that conse~vation may be even mo~e difficult 

to ~Qlea~n than it is to lea~n. 

Of cou~se, among philosophe~s of science, ~ealism 

lof a ce~tain kind) is today a most p~aisewo~thy 

stance; and do not mention it he~e as a fault. 

What I wish to highlight is the unlimited and 

un~eflected way in which it is often held by 

teache~s -- ce~tainly without awa~eness of 

alte~natives o~ of the p~oblems to which it may 

lead. Mo~eove~, the viewpoints 1 have just 

desc~ibed suggest that such p~econceptions a~e not 

the ~esult of any so~t of consistent, though 

pe~haps outdated, philosophy. What I see instead 

1s an add assa~tment of f~agments: snatc~as of 

empi~icism, isolated ~~~~~Q~§~S~l p~inciples, and 

gene~alizations ~ep~esenting va~ying degrees of 

"const~uction" -- all taken as f~si, and held as 

ca~e-concepts that exe~t influence on newly 

encounte~ed knowledge. Mo~e systematic studies of 

all this would, 

point. 

think, be ve~y welcome at this 

My abject in this pape~ is two-fold: fi~st to 

indicate what I believe is an impo~tant SQDiiD~!Qg 

~eason fa~ this p~oblem of incohe~ent p~econcep

tions; and then to outline one way, the way I have 

used, of conf~onting the p~oblem th~ough fo~mal 

cou~se-wo~k with teache~s. 

Conce~ning the first point, and putting the 

conclusion before the evidence, I suggest that a 

majo~ sou~ce of the teachers' and the public's 

"misunderstanding" of science is Q!:!!:§~L~~§; that 
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Is• scientists, textbook writers, popular1zers, 

teachers of students. and teachers of teachers 

-- In short, most of the academic community. This 

thought will not be shocking to those work1ng 1n 

the area of m1sconcept1ons. and so I w1ll not 

belabor it. But to make sure we have before us a 

vlvid 1mage of what actually takes place today 1n 

the realm of ph1losoph1ca1-scientific education, 

let me g1ve one especially worthwhile example. It 

1s taken from wr1tings that are del1berate attempts 

to expla1n to the educated public what science lS 

like, among the best rece1ved such wr1tings in our 

time, and the work of a well-known and accla1med 

scient1st -- Stephen J. Gould. 

quote first from a w1dely repr1nted essay 

called "Evolution as Fact and Theory": 

Facts are the world's data. 

Theor1es are structures of 1deas 

that expla1n and 1nterpret facts. 

Facts do not go away wh1le 

sc1entists debate rival theor1es for 

e>:plaining them. E1nste1n's theory of 

grav1tation replaced Newton's but 

apples d1d not suspend themselves 

1n mld-air pending the outcome ••.• 

ln sc1ence "fact" can only mean 

"confirmed to such a degree that 1t 

would be perverse to withold provisional 

consent. u2 

Notice how thoroughly empiricist this 1s (as is 

the rest of th1s essay>. Facts are first of all 

observational data, like fall1ng apples. Later 

Gould includes also what he calls "confirmed" 

inferences from direct observat1on; but ne1ther the 

observations nor the inferences are dependent on 

theory in any way. And so, we are told further on, 

the Inferences are "no less secure" than direct 

observation. 

But now let me take an excerpt from another 

essay of Gould's,3 which actually appeared earlier; 

it is titled "Validation of Continental Drift": 

I remember the a priori derision of 

my distinguished stratigraphy 

professor toward a VISitlng 

Australian drifter. He nearly 

orchestrated a chorus of Bronx 

chEers from a sycophantic crowd of 

loyal students .••• Today, just ten 

years later, my own students would 

dismiss With even more derision 

anyone who denied the evident truth 

of continental drift ...• Dur1ng the 

period of nearly universal 

rejection, direct ev1dence for 

continental drift -- that is. the 

data gathered from rocks exposed on 

our continents -- was every bit as 

good as it is today. It was 

Qi~ID~§~~Q because no one had 

devised a mechanism that would 

permit continents to plow through 

an apparently solid oceanic floor. 

In the absence of a plausible 

mechanism, the idea of continental 

drift was rejected as absurd. The 

data that seemed to support 1t 

could always be ~~~l2iQ~Q-2~2~ 

<emphasis added). 

Continu1ng the story, Gould tells us that w1th 

some new data and a heavy dose of "creative 

imagination," we have now fashioned a new theory of 

planetary dynamics: 



Unde~ th1s theo~y of plate 

tectonics, cont1nental d~ift IS an 

inescapable consequence. !b~_Q!~ 

q§t§_f~g~_sgut~u~nt2l ~Q£t§~_QU£~ 

§Q~QQl~-~~j~£i~Q~_b2Y~-Q~~U-~~b~~~Q 

2UQ_~~2lt~Q_2§_£QU£l~~~Y~-~~QQf_Qf 

In sho~t. we now accept 

cont1nental d~ift because it IS the 

e>:pectation of a new o~thodo::y 

(emphasis added). 

The ~est of the a~ticle desc~Ibes some of this 

data that was p~ev1ously ~ejected but late~ exhumed 

and ~e1nte~p~eted. Finally, towa~d the end, Gould 

spells out the lesson: "The new o~thodm:y £QlQ~§ 

Q~~-Y~§~QQ_Qf_2ll_Q2i2i_ib~~~-2~~-QQ_~~~~~-f2St§: 

iU_Q~~-SQ~~l~K-~Q~lQ lemphas1s added>." 

In v1ewing these two essays s1de by side, we 

ought to note the element of SQU~i~i~O£~ as well as 

the obvious dive~gence of meaning. In beth cases 

the "facts" did not "go away." But, it tu~ns out, 

the~e a~e diffe~ent senses of the ph~ase "to go 

away." In the f1~st essay, Gould-the-positivist 

d~ives home the maJO~ point about the giy~nn~~~ of 

facts, thei~ rootedness 1n the natu~e of th1ngs, by 

pointing t~1umphantly to the un1mpeachable 

asse~t1on that no one has yet seen an apple fall up 

f~om a t~ee. In the second essay, Gould-the

Kuhnian shows by means of some d~amatic ~ecent 

histo~y p~ecisely bg~, 1n a diffe~ent sense, facts 

can indeed "go away" not by nature chang1ng its 

ways, not necessa~1ly by the discove~y of erro~ in 

the p~ocess of obse~vation, but also when facts are 

"explained away", or igno~ed, o~ simply "d1sm1ssed" 

as not sufficlently sign1ficant. 

When writing about evolution, Gould is what 

Hila~y Putnam calls an "e>:te~nalist" --facts a~e 

exte~nal to theory. But in regard to continental 

d~ift, he is an "inte~nalist" -- the facts, if not 

completely constituted by theo~y a~e, in a way, 

£Q2~~Q by the theo~y, and given thei~ meaning and 

significance by theo~y. My point he~e is not that 

Gould has to be w~ong somewhe~e <though I will 

~etu~n to this matte~> but that, like many othe~ 

scientists, on philosophical questions he is just 

plain £2~~1~~§; and ca~elessness of this so~t, even 

when p~acticed w1th a most engaging style, can only 

This leave confusion in its wake -- LUSQD~~~US~· 

example, I think, when taken with much othe~ 

evidence of the same so~t, tends to place in a 

diffe~ent light the oft-~epeated complaint about 

the public's "misunde~standing" of science. At 

least in rega~d to such th1ngs as "fact" and 

"theo~y," or comp~ehension of st~uctures of ideas 

as wholes, o~ the capacity to gauge meaning, it is 

p~obably as much a p~oblem of ~i~t~~£biU9 as 

misunde~standing. 

But ~b~ the misteaching? Well, as we know, 

scientists normally feel that the ground they stand 

on is their professional, technical achievement, 

not thei~ mo~e gene~al, philosophical com-

ments. What we see he~e is the dive~gence of two 

diffe~ent inte~ests: The inte~est of education, 

even in science, is not ent1~ely the same as the 

inte~est of the associated p~ofessional community 

o~ the discipline. The inte~est of the discipline 

may at times countenance not just philosophical 

ca~elessness but even a deg~ee of philosophical 

Q~~Q~i~Ui~~· On the other hand, the 1nte~est of 

education includes <as we often say> conveying a 

cohe~ent picture of what science is like. If thl s 

is accepted, then serious attention to philosophy 
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of science becomes, for all levels of teach1ng, 

an obv1ous Q~§~Q~c~t~m-

Assuming this much as a goal, I now sh1ft 

abruptly to tne second task of th1s paper 

descript1on of an implementat1on des1gned for 

1n-serv1ce teachers, that bases 1tself on the 

pr1macy of the h1stor1cal ~1ewpo1nt over the 

the 

analyt1cal. l take the scient1f1c-philosoph1cal 

educat1on of the teacher ~§-~Q-~QQ_lQ_lt§~lf, 

w1thout regard to how that educat1on may be used 1n 

the teacher's own work. In defense of th1s, 

offer two considerat1ons: ll that the teacher corps 

1n an open soc1ety 1s, from an 1ntellectual point 

of view, a s1gnif1cant sector uf that soc1ety, 

whose op1nions on science and culture are important 

2§_§~£b, and not merely as means toward more 

successful teaching of subjects; 2> that even when 

our aim 1s to use ph1losophy of sc1ence to 1mprove 

the teaching of science 1tself, 1t 1s st1ll 

undesirable, if not inconce1vable, that teachers 

employ and transm1t the 1ns1ghts of schal3rship 

without themselves consciously absorbing these very 

1nsights. Therefore, 1n what follows, I make no 

suggestion that the method descr1bed, or any part 

of it, can be directly applied by teachers 1n the1r 

own classrooms. 

The approach is based on the follow1ng features: 

1) A graphical scheme representing the 

structure of scient1f1c fields -- an 

adaptation of William Whewell's "induct1on 

tables" -- appl1cable <within lim1ts> 

regardless of specific philosophy. 

2) Discussion of part1cular scientific 

theories, including their technical 
aspects. 

3> Application to sc1ent1fic or soc1al or 

educational £QQ!CQY~C~i~~~ 

While the last two features are by no means 

secondary, the rema1ning discussion is devoted 

mainly to the first -- because much of what I want 

to say about the other two can be said 1n that 

context, along the way. And toward the end, I will 

return to the more general implications. 
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We start with a very unsophisticated "3-tler" 

diagram of a scient1fic field or sub-field 

(flg. 1>. Although we know that the d1st1nction 

between emplrical and theoretical laws 1s not sharp 

or un1versally recognized, and nelther 1s the 

separation of "observables" from "non-observables," 

nevertheless, In the educational context I regard 

such objections as of second order. For those who 

th1nk this so oversimplified that it has little 

value, let us recall first that the basic terminol

ogy of the scheme is widely used in science 

textbooks on the college level, and that this 

specific hierarchy has been implic1t in the 

writings of philosophers from William Whewell to 

Nagel.4 So it is something relat1vely familiar. 

Second, precisely because 1t is crude, it is not 

ihi§ picture that occas1ons maJOr differences 

between the modern philosophies; we can use it in 

discussing positions that range from extreme 

empiricism to at least a moderate constructivism. 

Third, and most important, we only Q~QiQ with this 

diagram. Later, other features are added, and it 

does, of course, get more complex. 

I have found that even this crude scheme, when 

thoroughly discussed and Illustrated, already 

introduces an important change into people's views. 

For many, it alters the landscape of science from 

one of flatness -- all real science is fact -- or 

from a hierarchy based only on degree of confirma

tion -- fact, theory, hypothesis, speculation --

iQ one where there is some depth <in several dimen

si ens>. 

However, the only way to really teach this 

is to move quickly to a number of well-known 

exemplars: In physical chemistry, with Boyle's law 

at the middle level, the kinetic theory is high 

le.,.·el. In cosmology~ w1th Hubble's law 1n the 
middle, the big bang theory 1S at the top (fig. 2>. 

In mechanics, if kepler's ellipses and Galilee's 

law of falling bod1es are at the intermediate 

level, Newton1an theory, at the apex, unifies these 

two disciplines, as the textbooks say (fig. 3>. 

fig. 2 

Many features of science can now be discussed by 

reference to these diagrams, with suitable 

illustrations from the exemplar cases. The !.Q~!!!!: 

upward arrow often, but not always, stands for 

relatively unproblematic induction -- like extrapo-

lation and interpolation. The movement of 

historical development is generally <but not 

always) upward. The direction of explanation, and 

deduction, is typically downward. And a major 
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difference between the higher levels and the realm 

of merely empirical laws is that the former 

characteristically Introduce concepts, and 

processes, that are not directly observable, 

sometimes even In principle ~Qobservable though 

it should be noted that Nagel, for example, 

declined to make this the demarcation criterion 

between experimental and theoretical laws. 

Newtoniot. Theo~ "f. 
MDiio 11 aJtd 6-I"QVdcdion.. 

6 q, ltltD'j LttiiJ 
of f-./li'lf boJI,s Keplft~ L QWS 

fig. 3 

Obviously it is possible to draw such diagrams 

for segments of optics, geology, electromagnetism, 

and many other fields. And in doing so one is led 

to deal with scientific disciplines ~DQ!g§~!g, and 

in a comparative way often a new and dizzy 

experience for those narrowly trained. This, of 

course, cannot be done without assuming, or 

Imparting to the students, a certain amount of 

knowledge, including historical knowledge, of some 

of these fields. It is at this point that my second 

feature -- dealing with science itself -- comes in, 

and does Inde~d take up at least 50% of the time. 

One benefit is that students of certain sciences, 

like biology, where the dtstinction between 

empirical and theoretical law is not often so 

clear, have a chance to refocus on a field like 

phystcs, where it is far more prominent. Hugh Helm 

has pointed out that many beginning students do not 

recognize the difference between definitional, or 

tautological, laws and laws of nature.5 To this I 

can add that many high school science teachers do 

not recognize even obvious differences between 

experimental and theoretical laws, or between 

induction and deduction, and have trouble with 

other distinctions of the more abstract kind. This 

simply tells us that misconception or preconcep

tion, whose origin may sometimes be profound, are 

mixed also with plain ignorance, especially in 

regard to general concepts concerning science as a 

structure of ideas. 

But now the point: After some work with the 

three-tier diagrams, most students begin to see 

that the situation cannot be as simple as that. 

Should Boyle's Law and Keplerian orbits really be 

at the same level? The former seems to fit well 

the Baconian prescription -- collect data, and 

discover patterns. But it is surely debatable 

whether "seeing" the elliptical orbit in the data 

of planetary positions is at all in the same 

category. In fact, this was the subject of the 

famous 19th century debate between William Whewell 

and John Stuart Mill, with Whewell arguing for what 

we now call the more constructivist position. 



H1stor1cally speak1ng~ there were real choices 1n 

moving f~om the g~ound of obse~vation to what, f~om 

our present vantage point, IS the Intermediate 

level; and to~ this, a sepa~ate 3-tie~ diag~am can 

be d~awn. With diu~nal motions, planeta~y 

positions, etc., at the bottom level, the~e we~e 

th~ee diffe~ent candidates at the highest level: 

the Ptolemaic system, the heliocent~ic, and Tycho 

B~ahe's camp~omise system. Between obse~vations 

and the maJO~ "wo~ld systems," we would place the 

empi~Ical generalizations accepted at the time 

maximum elongations of the inne~ planets, the 

retrograde motions, etc. F~om this point of view, 

and ou~ p~esent hindsight, all candidate systems 

are imaginative const~ucts. The~efo~e, the fi~st 

change In the "unsophisticated" diag~am is to allow 

fo~ bands, or many levels, instead of just th~ee 

tie~s (fig. 4). Elliptical o~bits and Boyle's Law 

might still be somewhe~e In the middle band, but 

with the fo~me~ highe~ than the latte~. 

The need fo~ othe~ kinds of co~~ections, o~ 

~efinements, Is even mo~e gla~ing. The ground 

level of the cosmology diag~am contains such 

"obse~vatiansn as distances and speeds of galaxies. 

But since these a~e not In fact di~ectly obse~ved 

-- anothe~ point calling fo~ scientific discussion 

p~Io~ to the philosophical -- some st~uctu~e must 

be int~oduced he~e as well, to account fa~ 

And so, depending on how fa~ 

one wishes to p~obe, the diag~ams can Indeed become 

ve~y clutte~ed. The heu~Istic point to all this is 

not so much in "getting it ~Ight" -- although, 

within bounds, that must of cou~se be the goal 

but In the discussions one is fo~ced to go th~ough 

in deciding whe~e to place a pa~ticula~ element. 

fig. 4 

We have to conside~ what its ~elation is to other 

elements, what so~t of concepts it involves, which 

is the di~ection of deduction, what its histo~ical 

development was, and so on. Clea~ly this is an 

~~~~Si§~, a s~i!is~l exercise -- an exe~cise in a 

pa~ticula~ kind of concept mapping, which sha~es 

the~efo~e many of the vi~tues and sho~tcomings that 

are al~eady known in ~ega~d to such exe~cises. 6 

But in cont~ast to some other kinds of mapping, the 

basic format and p~inciples he~e a~e clea~ly laid 
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down at the start, and are taken from the hlstori

co-philosophical disciplines relating to science. 

It should therefore be no surpr1se that such 

diagrams are a very old thing; 1n a somewhat 

different form, William Whewell called them 

"induction tables." He drew up large, complicated 

ones, paying particular attention to history, and 

took them very seriously not only as a means of 

~DQ~~§!~~QiD9 science, but even as a way to -

"truth."? 

Let me turn now to ph1losophies as such. The 

diagrams certainly do not depict everything; we 

cannot, for e::ample, show any d1fference between 

realist and instrumental1st viewpo1nts <usually 

discussed in such a course>, for that would require 

some portion of the diagram to refer to "reality" 

-- and locating "reality" on this plane is not 

easy. But let me point out those things the 

diagrams can do. It may seem at f1rst that the 

very structure of this scheme everyth1ng 

proceeding from the "ground" of experience, and the 

resemblance to Whewell"s thinking -- already has 

built into it a philosophical bias. Perhaps, but 

if so, the bias can be overcome. We do start with 

a number of variants of positivism <which, by the 

way, is certainly not dead>; but then we go on to 

the Popperian viewpoint, and to the Kuhn1an version 

of what is now called "the new philosophy of 

science." 

The typical positivist concern, simply put, was 

to y~~if~, or make secure, the valid inductions 

represented by the upward trend in these diagrams, 

~DQ to screen out those inductions which could not 

be so secured. Whewell"s way of doing that --what 

he called the "consilience of inductions" (and what 

we might call convergence> was simply that !b~_IDQ~~ 

upward arrows converging on the same high level 

theory, the better. So if to the two inductions of 

fig. 3 we add orbits of comets, satellite orbits 

around Jupiter, t1des, the oblateness of the earth, 

and much more, we then have the paradigmat1c case 

of consil1ence <f1g. 5). And on a diagram such 

converging arrows do look 1mpressive.B 

0 

fig. 5 

An alternative method was to concentrate on 

quality rather than quant1ty. Thus, the approach 

of pos1tivism 1n our century was to examine 

meticulously each upward arrow and develop, 

whenever possible, special procedures to make that 

arrow more solid, more reliable. Examples of this 

would be operationalism, the quest for a pure 



observation language, and so on. On a diagram, we 

might just draw a thicker arrow to indicate 

security. 

Finally, among the positivists we had also the 

famous radical branch which included Ernst Mach. 

For them the problem was that regardless of the 

number of arrows, or how secure they are, high 

level theory usually contains £Q~§i~~£i~g_£Q~£~~i§ 

not accessible to direct measurement -- which might 

well be fictions. Their bold solution, doing away 

with high level theories, or at least some of them, 

means that the top tier is simply crossed off. 

When we get to Karl Popper the discussion becomes 

particularly interesting. On the one hand, Popper 

liked to emphasize his difference from the 

positivism of his time, but on the other, some 

philosophers have continued to include him within 

that general designation. Let us see how, on these 

diagrams, both the differences and the Slmilarities 

appear. 

The main distinction, of which he is so proud, 

consists in the now-famous characterization of the 

upper arrow as a "conjecture," a guess. Inspired 

by Einstein, and the difficulties inherent in 

contemporary versions of the positivist program, 

Popper concluded that "induction is a myth."9 One 

way of indicating this graphically is to replace 

the solid arrow by a broken (dashed> arrow 

-- £Q~i~£i~~~ replaces i~f~~~~£~~ 

But Popper's resemblance to positivism can be seen 

in his partial return to the consilience of 

inductions. Quality 2~g quantity are both 

emphasized by him, couched in new terminology and a 

different interpretation, and presented as an 

improved version of the hypothetico-deductive 

method: The conjecture must give rise to "interest-

ing," "risky," or "improbable" deductions-- denote 

this by wiggly lines to the lower levels-- which, 

if ~Q~~Q~Q~~l~Q, yield what in the older language 

would have been inductive support. The risky 

deduction, whenever successful, elicits a solid 

upward arrow, wh1ch is no longer just a conjecture 

(fig. 6). 
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The resulting picture looks very much 

like the old consilience, with the following 

changes: First, the new analysis relies much more 

on corroborations ~ftgc the in1tial conjecture 

than on the historical path -- we call this the 

dominance of the context of justification over the 

context of discovery -- and second, the corrobora

tions that really count must be of a certain kind. 

It is important to emphasize at this point that 

such a use of diagrams, In themselves, or as part 

of a purely analytical dtscussion, would only add 

to mysttficatton. Although there may be other 

influences, the various philosophies are strongly 

related ta events in sctence Itself. Twentieth 

century positivism cannot be understood without 

some idea of the rise -- In the late 19th and early 

20th century -- of new sciences and concepts 

outside the Newtonian framework, and of the 

resulting collapse (as ultimate explanation> of the 

best-corroborated high level theory in all history. 

Nor can current Popperian and Kuhnian themes really 

be understood except as a response to the 20th 

century revolution In physics. For this reason, a 

historical account of scientific change, utiliZing 

the more recent works in this area,10 Is, I 

believe, the bes~ way to attempt this sort of 

teaching with any group of people who, for the most 

part, are not philosophically Inclined. 

As a final illustration of the use of the 

diagrams, consider now Kuhn"s well known reaction 

to both positivism and the Popperian viewpoint. 

Graphically, this IS indicated by a series of 

thick, looping arrows downward from the higher 

levels (fig. 7>. These represent not only the 

"theory-ladenness" of observation, but also the 

effect of theory on methods, on standards, on 

problem choices, etc. It is important to distin-

guish sharply these downward arrows from any kind 

of deductive inference in the hypothetico-deductive 

procedure. CHere a degree of graphical consistency 

i s c a 1 1 ed f or • J Deductions lead typically to 

particular testable observations, which either pass 

or do not pass the test. To distinguish these 

verbally from the Kuhnian feedback loops, use 

the latter the term "reverse induction" or 

"downward induction." In this way, I mean to 

for 

highlight the ggogc~li~~Qg nature of such feedback. 

fig. 7 



Consider Gould's example. Before plate tecton-

1cs, QQ_Q2~~C~~liQQ could support cont1nental drift 

because such drift was "h!:!QI!'1" to be impossible. 

That is a very general kind of downward inference 

concerning evidence. One result of the success of 

the special theory of relativity was to legitimate 

operationalism in quantum theory. That 1s a very 

general influence on eCQS~Q~C~~ 1n research. And, 

of course, the hypothetico-deductlve method itself 

acquired its articulated and acknowledged status 

largely as a result of the success of Newtonian 

theory. 

The new picture which, as a whole, can be called 

a Kuhnian "paradigm" -- now has the kind of look 

that does seem to reflect our verbal descriptions. 

The feedback loops make it more dialectical, more 

self-contained, and more like what we today call 

constructivist. Naturally, this does not take the 

place of reading Einstein, Bridgman, Nagel, Popper, 

Kuhn, Toulmin, and others; in the end, the diagrams 

must become merely symbolic or mnemonic a1ds. 

However, in regard to the value of us1ng 

alternat1ve philosophies of sc1ence, I should like 

to make one comment a propos of a paper by Joseph 

Nussbaum.ll He pointed out, 1n the £QQl~~l_Qf 

c~~~~C£Q on students' conceptual change, that there 

are signific~nt differences between the post

Kuhnian philosophies, and that these differences 

must be taken into account. Everything I have said 

so far surely supports the value of attention to 

philosophical differences and alternatives: but 

when it comes to teaching itself <as distinguished 

from research> 1 should like here to raise a flag 

of caution. I am sceptical that such differences 

as exist, for example between Kuhn and Lakatos, can 

provide any fruitful lessons. After much discus-

sian, Kuhn thought that "Lakatos' position is now 

very close to my own."12 And Feyerabend called 

Lakatos' philosophy an "anarchism in disguise."13 

Even the protagonists do not agree on many of their 

differences. My experience has been that it is a 

very demanding task just to convey clearly the 

significance of the dist1nctions between the ~~iQ 

branches -- that is, classic positiv1sm, Popper, 

Kuhnian constructivism, and the ontolog1cal schools 

-- even when the students are mature adults, 

teachers of science, diligently trying to improve 

their grasp of the issues. For that reason I 

prefer to take one or two representatives of each 

school, keep the diagrams as simple as possible, 

and concentrate on the relat1on between the 

philosophy and science itself. 

But a fair question to ask at this point is what 

scrt of results are we to expect from such studies, 

beyond the general feeling that the widening of 

horizons is good for everyone. In partial reply, 

let me return to Gould's writings and to the role 

of controversies in this approach. 

In the essay, "Evolution as Fact and Theory," 

Gould's aim is to convince readers that evolution 

is 29lb fact and theory, and that those who now 

emphasize the word "theory" are improperly, 

deviously attempting to cast doubt. Gould's 

response, and that of many others, is to separate 

the 2~§i£_ecQeQ~i!iQQ <Darwin's "descent with 

modification") from the question of specific 

~~£Q~Qi~~§ -- ~QQ, speaking in his positivist mode, 

to pin the label "fact" on the basic proposition. 

This argument is now very familiar, and it all but 

~[!Qi£!§ -- for ignorance or worse offenses 

anyone who fails to treat the basic proposition as 

"fact." 
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But afte~ weeks of using these diag~ams in a 

compa~ative manne~, and having seen fam1ly 

~esemblances between laws and theo~ies ac~oss 

disciplina~y lines, it becomes possible fo~ some to 

view the fact/theo~y cont~ove~sy in alte~native 

ways -- ways which often ~eflect a deepe~ g~asp of 

the p~ocess of science, ~~Q at the same time a 

deepe~ insight into alte~natives modes of educa

tion. 

As an example, cons1de~ this: William Whewell 

also ~ega~ded a complex, indi~ectly established 

p~oposition as ~Q~O fact and theo~y; but he was 

~efe~~ing to something qu1te diffe~ent f~om Gould's 

C1n this easel mo~e positivist1c Qi§§~~~iQn: "All 

attempts," says Whewell, "to f~ame an a~gument by 

the exclusive o~ emphatic app~op~iation of the te~m 

£~~t to pa~ticula~ cases, a~e necessa~ily illuso~y 

o~ inconclusive.•14 Why? The answe~, 1n his wo~k, 

~eceived special emphasis: 

The distinction of !~~t and tO~Q~~ 

is only ~elative. Events and 

phenomena conside~ed as pa~ticula~s 

which may be colligated [l.e., 

subsumed] by 1nduction, a~e £~~t§; 

conside~ed as gene~alities al~eady 

obta1ned by colligat1on of othe~ 

facts [i.e., induct1on f~om them], 

they a~e tO~Q~i~§· The same event 

o~ phenomenon is a fact o~ a 

theo~y, acco~ding as it is 

conside~ed as standing on one side 

o~ the othe~ of the inductive 

b~acket [on ou~ diag~am, the 

a~~owJ. 15 

Although he~e we a~e listening to a vo1ce f~om 

the 19th centu~y, which on many othe~ points is now 

outdated, the above statement was actually ahead of 

its time, and is not l1kely to ~aise opposition 

f~om many philosophe~s of science today -- since 

mode~n e~amples of what he is saying a~e easy to 

find. When, all ave~ the wo~ld, calculations a~e 

ca~~ied out fo~ atom1c phenomena, quantum effects 

a~e of cou~se taken fo~ g~anted t~eated as 

facts. But when Aspect and his collabo~ato~s 

pe~fo~med thei~ celeb~ated expe~iments in 1982 

(using Bell's theo~em>, quantum mechanics was in 

the full sense a ~O~Q~~. pitted against othe~ 

possible theo~ies <hidden va~iablesl.16 ln othe~ 

wo~ds, 1t all depends on what the goal of the 

1nqu1~y is. 

But it is in education that the implications of 

this last point have the g~eatest scope; fo~ 

If education often 02§ a numbe~ of distinct goals. 

the aim 1s to t~ain people 1n an existing scien

tiflc pa~adigm, then eve~ything that is 21-~~~~~nt 

well established is "fact." If, on the othe~ hand, 

the goal is to unde~stand i~g~i~~ mo~e gene~ally, 

and the s1gnificance of the diffe~ent kinds of 

~~QQ~~t§ of inqu1~y, then it follows just as su~ely 

-- whethe~ we a~e look1ng at ~elativity, o~ at the 

basic p~oposition of evolution, o~ at Newton's 

laws, o~ at anything else -- that inductions o~ 

conjectu~es !upwa~d and downwa~dl, not just the 

pa~adigmatic deductions, ought to be at the cente~ 

of attention. And then all these majo~ achieve-

ments of science a~e indeed "theo~ies" about which 

one can a~gue. 

F~om this pe~spective, and aside f~om the ve~y 

diffe~ent impo~t of the two Gould essays 

mentioned, it is possible to see that even the 

fi~st essay !the positivistic one>, taken alone, 

suffe~s f~om ce~tain limitations. By insisting on 



"the fact of evolution," it merely describes the 

existing state of affa1rs ~D-Qiglggy_~§-~-~~§g~~£~ 

Q~~£iQli~~- When used to correct m1sconceptions or 

misleading statements about that discipline, this 

argument is perfectly in order. But 1n the wider 

context of education, it IS Important to realize 

that how much priOrity we give to imparting 

infor-mation about the state of the discipline IS a 

9Q~l=Q~I2~!:!Q~!Jt_i~Qgffig!}t_, a judgment of philosophy 

of ~Q~£2tiQQ, a pedagogical judgment, sometimes a 

social or legal judgment, Q~!_!JQ!_~_ffi2!1~~-fQC 

2~tb.Qci!2!i~g_§£i~!:!!l.fi£_Qg£i~~Q!:!~ 

I have found that the discussion of controversy, 

such as the current one on creation/evolution, the 

19th century debates on the same issue, the ones on 

sociobiology and on the computer model of mind 

all of which involve science 2!JQ more general 

human concerns --have the advantage of simulta

neously putting the various schematizations to use, 

and of tg~!i!:!9 them. Therefore, if this approach 

brings an otherwise abstract and "academic" 

discipline -- philosophy of science -- to life, to 

intellectual use, this is by no means of secondary 

value. 

American teachers, for example, receive from 

state education departments various guidelines on 

how to teach evolution. They also receive in their 

mailboxes literature from a number of outside 

organizations, questioning evolution or the manner 

of teaching evolution, and attempting to involve 

these teachers actively in the controversy.17 Aside 

from other good arguments for the serious study of 

the philosophy of science, it does seem that 

teachers ought to have more adequate intellectual 

tools for coping with such real-life problems. 
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DISTINGUISHING STUDENT MISCONCEPTIONS 

FROM ALTERNATE CONCEPTUAL FRAMEWORKS 

THROUGH THE CONSTRUCTION 

OF CONCEPT MAPS 

John E. Feldsine, Jr., 

Broome Community College, Binghamton, N.Y. 

I have taught General College Chemistry at a two

year college for sixteen years. For the past six years, 

I have used the concept mapping technique with my students 

in an attempt to overcome the compartmentalized, weakly 

related manner in which textbooks present the chemistry 

subject matter and to actively involve my students in 

their learning process. 

The method I have developed places the emphasis 

on student constructed concept maps. At the beginning 

of the semester, I distribute a set of guidelines for 

constructing concept maps and one simple example of a 

concept map. I spend one lecture discussing the method, 

purpose and value to the student of their developing con

ceptual relationships and seeing unity in chemistry. I 

assign concept maps of each chapter of the textbook to be 

constructed by the students. In the last third of the 

semester I have them relate the subject matter of two or 

more chapters. 

The principal reason for my using this method is to 

improve student learning and I have found that (1) students 

become active participants in their learning; (2) students 

learn as they construct their maps; and (3) students form 

a unified picture of chemical concepts. However, I also 

unexpectedly found the student constructed maps were 

powerful tools for evaluating a student's understanding. 

The evaluation of student understanding from con

cept maps has two principal components. First, I found 

it identified students alternate frameworks of understanding 

of a given subject area, and second, I found it allowed me 

to identify misconceptions held by a student. 

Regarding the first component, I found: 

(1) every studen~s concept map of a given subject was 

different and individual even though each was substantially 

correct. If shared meaning has occurred between the teacher 

and student, the student has developed his own structure 

of knowledge and has incorporated the objective information 

into his own understanding; 

(2) the student's map shows his overall picture of 

the subject area and the relative importance he has as

signed to different conceptual areas; and 

(3) the student's map identifies omitted areas in 

his understanding of the subject area. 

Regarding the misconceptions component of the evalua

tion, I found: 

(1) misconceptions are not merely an alternate way 

of seeing things. They are errors that will lead to con

flicts if not corrected; 

(2) misconceptions are always localized and specific; 

(3) they are one incorrect relationship between two 

concepts; 

(4) misconceptions can exist in an otherwise satis

factory framework; and 

(5) misconceptions can be easily identified by the 

teacher and corrected in a short interview with the stu

dent. 

I will present examples of each type of information 

available from the student constructed maps. First, however, 

I have found that, before the maps can be used for evalua

tion, the student needs to have acquired concept mapping 

skills and have confidence he is able to represent his per

sonal understanding. He needs to overcome the master map 

syndrome in which he feels there is one correct map some

place that his map will be measured against. I found these 

prerequisites are only in place after students have 
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constructed five or six concept maps, and the teacher 

has discussed the student's maps with him in an inter

view. This usually occurs around mid-semester but will 

vary from class to class and student to student. 

STUDENT ALTERNATE FRAMEWORKS 

To illustrate students alternate frameworks, I 

have chosen concept maps of the gaseous state constructed 

by four students in the same lecture section and submit-

ted during the tenth week of class. Each students map 

is different and represents an alternate view of the 

gaseous state. 

The first map, Figure l, is by a student who had 

a difficult time constructing concept maps prior to 

this one. It was the first map that had a two dimension-

al structure. The concepts he maps are fairly clearly 

related. However, his map is only of the ideal gas law 

and he omits many concepts, especially those dealing 

with the kinetic molecular theory. He told me later 

that there were just too many ideas to put in one map. 

The second map, Figure 2, is more complete and 

includes every concept given in the textbook. The 

student sees the gas laws, deriving from experi-

mental measurements, as the central and overriding sub

ject area. He relates the laws to the kinetic theory of 

gases but does not specify the relationship or relate the 

individual postulates of the theory to the gas laws. 

Thus, he indicates he has an inadequate understanding of 

the theoretical explanation of the gas laws. 

The third map, Figure 3, is balanced and clear. The 

student sees the kinetic/molecular theory of gases as the 

principal overriding concept and relates the theoretical 

postulates to experimental evidence. His relationships 

bring the experimental laws together to form the ideal 

and real gas laws. He sees the laws as dependent on 

theory for their meaning. 

NOTE: COPIES OF FIGURES SHOWING DETAIL ARE AVAILABLE 
FROM THE AUTHOR 
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The fourth map, Figure 4, was 11" x 17", and much 

larger than any of the other students. This student sees 

the gaseous state in relation to the other two physical 

states. He also sees the laws and theory of the gaseous 

state as the side-by-side, equally important components 

which answer the "what" and "why" of gaseous behavior. He 

also sees the relationship between each variable of the 

ideal gas law and the postulates of the kinetic molecular 

theory. 

Each of the last three students have a substantially 

correct understanding of the gaseous state and would do 

very similar work on any other evaluation tool. Their con

cept maps reveal they have significantly different under

standings of the overall subject area of the gaseous state 

and the relative importance of each sub-area; especially 

the relationships between the gas laws and the kinetic mole

cular theory. 

STUDENT MISCONCEPTIONS 

To illustrate the ability of the student constructed 

maps to identify misconceptions for the teacher, I will 

show two students' misconceptions of the same relationship 

that I found in concept maps that were otherwise conceptu

ally correct. The erroneous relationship by each student 

is between "intermolecular forces" and "kinetic energy of 

molecules" and yet each is very different. 

The first example of a misconception was found in the 

student's concept map of the gaseous state above (Figure 

2). The upper right hand corner, expanded in Figure 5, 

shows a relationship between ''molecular attractive forces" 

and "kinetic theory of gases". The student states "where 

there's an attractive force, there is motion" thus indica

ting a casual relationship between molecular attractive 

forces and molecular kinetic energy which is erroneous and 

would make it impossible for the student to see the role 

of intermolecular forces in understanding the condensed 

states of matter. This one relationship identified two 
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major misunderstandings, first, that molecular motion is 

caused my intermolecular forces, and second, the stronger 

the intermolecular forces the greater the molecular motion. 

Once I identified this important, but localized, miscon

ception from the student's map, it required approximately 

five minutes of discussion with the student to correct his 

misunderstanding and develop a correct understanding. The 

student's new understanding was verified with his next 

concept map of the liquid and solid state. 

The second example of a misconception was by the 

student who constructed Figure 4 above of the gaseous 

state. His next map was of the condensed states and in 

the lower left corner under "kinetic molecular theory" he 

also showed a casual relationship between "intermolecular 

forces" and "molecular kinetic energy", Figure 6. The 

major difference is that he saw intermolecular forces as 

forces of repulsion. This one relationship, similar to 

the first example, identified two major misunderstandings, 

first, that molecular motion is caused by intermolecular 

forces and second, very different than the first student, 

that intermolecular forces were forces of electrical re

pulsion. This one mistaken relationship would make it 

difficult for the student to understand the forces in-

valved when a substance changes state. Again, once I 

identified this major misunderstanding from the student's 

map, I was able to correct, in a short conversation, the 

student's misunderstandings. 

I feel the student constructed concept maps allowed 

me to identify and correct major misconceptions by these 

two students, misconceptions that would have been difficult 

to ascertain using other methods of evaluation. 

CONCLUSION 

I have found student constructed concept maps to be 

powerful evaluation tools that identify both student al

ternate frameworks of understanding and student miscon-

ceptions. Regarding alternate frameworks, they show: 



l) Each student's personal knowledge is different 

and he comes ~o this by developing his framework of con

ceptual relationships. 

2) Concept mapping is a powerful tool for a student 

to develop his understanding and express his understanding. 

3) Concept maps of a given subject area by students 

can be substantially correct and yet significantly differ

ent structures revealing major differences in student's 

understanding. 

4) Concept maps identify areas of possible omission 

in a student's understanding. 

Regarding misconceptions, they show: 

1) Student misconceptions are specific, local 

relationships between two concepts. 

2) Misconceptions can exist within an overall con

ceptual framework which is satisfactory. 

J) Misconceptions are easily corrected and fre

quently change the meaning of the entire conceptual 

framework. 

4) The more specifically a relationship is named, 

the more readily it can be identified as correct or in

correct. 

I have taught chemistry for six years using student 

constructed concept maps and I feel my students are now 

actively involved in their learning and are gaining a 

more balanced, personal understanding of chemistry. 

Further, I, as a teacher, feel that the subject matter 

I taught is the subject matter that was learned and a 

sharing of meaning has occurred. 

181 



182 
Using Hierarchical Concept/Proposition Maps 

to Plan Instruction that Addresses Existing and 
Potential Student Misunderstandings in Science 

by Thaddeus W. Fowler and Saouma Bou Jaoude 
University of Cincinnati 

In order to help teachers develop instructional plans that 

address student misunderstandings, a planning technique has 

been devised where teachers construct and use concept/ 

proposition maps (unit maps) to lay out what is to be taught 

and to identify possible areas of misunderstanding by 

students. The maps are organized around categorical concept 

hierarchies and cover the content of a microschema or unit. 

On the maps are diagrammed facts, concepts. propositions, 

attitudes, science processes. and physical skills to be 

taught during the presentation of a unit of instruction. The 

information is diagrammed in a way which shows the 

interrelationships among the content. Once the content of 

the unit has been mapped, the information is reviewed in each 

of the areas of knowledge to locate potential 

misunderstandings on the part of students prior to or during 

the teaching-learning process. 

According to Gagne (1987), there are five major learned 

human capabilities. These are: verbal information, 

intellectual skills, cognitive strategies, attitudes. and 

motor skills. Verbal information can be further categorized 

(Gagne, 1970; Eggen, Kauchak. & Harder. 1979; Ausubel. Novak. 

& Hanesian, 1978) into stimulus-response learning (facts). 

categorical concepts, and rules (propositions, 

generalizations or principles). As an information processor. 

the learner is clearly able to form concepts and propositions 

in addition to actively pursuing the acquisition of facts 

(Eggen, Kauchak. & Harder. 1979). 

Although having a large store of accurate knowledge is a 

prerequisite for successful learning and problem solving, the 

structure in which this knowledge is stored is also 

important. According to Reif (1983) and Resnick (1983), most 

students have a store of knowledge that is small. not well 

organized and full of well established misconceptions. while 

the knowledge base available to successful learners and 

problem soivers is large and well organized (Eyion & Reif, 

1979; Frederiksen, 1984; Smith & Good, 1984; Stewart, 1982a, 

1982b. 1983, . 

There are numerous techniques that can be used to help 

!earners organize their knowledge store. Knowiedge vee 

Diagrams. advance organizers. lesson outlines, and concept 

maps are a few of these techniques. Concept mapping has been 

shown to be a powerful and successful technique when used in 

instruction (Eylon & Reif. 1979; Novak, Gowin. & Johansen. 

1983; Stewart. 19831. The quality of student knowledge is 

improved when concept mapping can be used to identify and 

correct student misconceptions. Students, as well as 

teachers. can be trained to use concept maps to organize 

their own knowledge. 

As part of the instructional planning process, teachers 

should reflect on the possible misunderstandings their 

students might possess. Instruction needs to build on the 

foundational knowledge of students. Teachers should consider 

the prior degree of understanding of the topic to be taught 

and work to expand and refine the cognitive structures of 

students. However, unless teachers consider the 

misunderstandings held by students, instruction might be 

overwhelmed by these misunderstandings. Unless 

misunderstandings are directly addressed, students may be so 

confused or 'hung up' that they are not able to pay attention 

to the new content being taught. Students may think that 

they already know the topic and the new material makes no 

sense, they may become frustrated because of apparently 

conflicting information. or new content might not fit with 



personal foundational knowledge that is predicated on 

misunderstandings. 

As a way of being better able to identify possible 

misunderstandings it is helpful to categorize them into types 

paralleling the domains of knowledge. By classifying the 

misunderstandings. insight can also be gained into ways of 

addressing or correcting the inaccurate knowledge. For 

example a misunderstanding about a categorical concept might 

be addressed by explicitly using a nonexample of the concept 

which 'short circuits' the misunderstanding or causes the 

student to appropriately limit the range of the concept. 

Here in consideration of the different types of 

misunderstandings and in the unit maps, knowledge is 

categorized into the cognitive, affective, and psychomotor 

domains. The cognitive domain is further divided into the 

areas of singular facts. categorical concepts. propositions 

(generalizations or principles). and science processes 

(intellectual skills). The affective domain is addressed 

through the identification of attitudes (composed of 

feelings. beliefs. and actions). 

the psychomotor domain. 

Physical skills fall within 

Within the cognitive domain knowledge is carefully 

partitioned to fulfill the following definitions. Facts are 

defined as content which is singular in occurrence and 

acquired solely through the observation of events. occurring 

in the past or present (Eggen, Kauchak. & Harder, 1979). 

Concepts are abstractions made up of the criteria! attributes 

that a given category of objects. events. or phenomena have 

in common ( Ausubel. Novak. & Hanes ian. 1978) . Propositions 

(principles) are formed by chaining two or more concepts 

(Gagne, 1970) or are a meaningful relational combination of 

two or more concepts, yielding a new idea (Ausubei, Novak, & 

Hanesian. 1978). Relationships between concepts that are 

only hierarchical are not considered here to be propositions. 

Intellectual skills are any of the well recognized science 

processes that are used to collect. organize. and manipulate 

data. or create new knowledge. 

Categorization of misunderstandings done according to 

different types of knowledge yields the following system. 

Misfact - memorized factual knowledge which is wrong 

Avogadro's number is 6.023 X 1025 . 

The side of the Moon not facing Earth never receives 
direct sunlight. 

Misconception - inaccurate understanding of a concept, 
misuse of a concept name, wrong classification of concept 
examples. confusion between different concepts, improper 
hierarchical relationships, over- or under-generalizing of 
a concept 

Frogs are reptiles. 

The eight planets and the Earth rotate around the 
sun. 

The Earth revolves on its axis. 

Vertebrates are a kind of mammal. 

Mass and weight are the same thing. 

Seals are a kind of fish. 

Mispropositi~- wrong or inaccurate propositions. 
Improper application of propositions, merging of two or 
more propositions, over- or under-generalizing of a 
proposition 

The heavier an object is the faster it falls. 

Charles' Law is used to determine the new volume of a 
balloon as it is moved from the surface of a lake to 
30 feet below the surface, assuming the thermocline 
to be at 40 feet. 

A student decides that the reaction between sodium 
and fluorine gives off less heat per mole than the 
reaction between sodium and iodine. 
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184 Tissues are made up of organs. 

Metals are a type (or category) of element. 

Misbelief - a cognitive misunderstanding which leads to a 
consequential attitude 

Snakes are cold and slimy. 

Scientists seldom make mistakes. 

The bible is precisely accurate. 

Misaanipulation - physical manipulations done iaproperly 
or ineffectually 

Pictures taken of a nonmoving object with a Polaroid 
camera are in focus, but blurred. 

A student punctures the palm of the hand while 
inserting a thermoaeter in a rubber stopper. 

Proc.~U~_~_in~J!!i!ltak~ -- inaccurate or illogical thought 
processes such as classifying mistakes, iaproper 
interpreting of data, failing to control variables; the 
misuse of any of the science processes (characterized by 
Piagetian cognitive task mistakes) 

As a student investigates the factors that influence 
the growth of plants, the amount of water applied and 
the amount of sunlight allowed are varied 
simultaneously. 

A student counts the legs on an ant and gets eight. 

A student deteraines that there is no relationship 
between the length of time a force is applied to an 
object and the velocity of the object, since each 
time the experiaent is done slightly different 
results are obtained. 

In order to facilitate the recognition and identification 

of possible misunderstandings, as well as to aid a teacher in 

more easily perceiving the complexity, interconnectedness, 

and extensiveness of the content to be taught, unit maps are 

developed and used. Unit maps graphically present a 

cognitive structure of a aicroschema of content and include 

facts, concepts, propositions. science processes, physical 

skills. and attitudes. The directions for the production of 

a unit map follow. 

The purpose of this exercise is for you to practice the 
use of a aethod of planning and analysis of a quantity of 
instructional content. You will focus on a unit of 
instruction. A unit is typically a single chapter in a 
text or a few closely related short chapters and where the 
instruction will typically last for about two weeks. 
During the exercise you will list pertinent facts. 
concepts, and propositions your students would be expected 
to learn as well as science processes to be developed, 
attitudes to be formed or preserved, and physical skills 
to be developed. Further. you will graphically show the 
interrelationships among these entities 

1. 

2. 

3. 

4. 

5. 

6. 

8. 

7. 

Obtain a sheet of 17 x 22 in. or 24 x 36 in. paper 
and two or three fine tipped colored marking pens. 

List the concept names included in the chapter 
(toward the center of the paper) in strict 
categorical hierarchies. It is probably best to also 
include concepts that are closely related to this 
unit but which appear in previous and following 
chapters. You will typically end up with three to 
ten hierarchies. 

List facts (at the bottom of the paper) included ln 
the unit that are so important that students would be 
expected to commit them to memory. Concept 
definitions would of course not be listed. 

Connect two or more concepts with a line to show a 
mutual relationship in the fora of a proposition. Do 
this for each important proposition in the unit. 
Lines connecting higher order (more abstract) 
concepts fora higher order propositions. 

List propositions (down the right side of the paper) 
as coaplete statements and in an outline format to 
show their hierarchical relationships and label the 
corresponding lines connecting related concepts. 

List the science processes you wish to develop (at 
the upper left of the paper) coding these processes 
to the cognitive information to be learned in 
conjunction with the processes. (Use colored dots.) 

List physical skills to be developed (at the middle 
left of the paper), coding to cognitive information. 

List the attitudes you wish to form or preserve (at 
the lower left of the paper). 



Once this comprehensive listing of content has been 

diagra••ed instructional objectives can be written, possible 

aisunderstandings can be identified for each of the content 

areas of the map. resources identified, instructional 

activities devised, and assessment instruments produced. Of 

most importance, the planning and delivery of instruction is 

more likely to proceed in an integrated and meaningful 

manner. This is probably especially true for teachers who 

have produced their own maps rather than those using a map 

drawn by someone else 

Instruction might proceed according to any of a number of 

instructional models. Deductive model, inductive model, and 

Ausubei model lessons (Eggen. Kauchak, & Harder. 1979) can be 

designed drawing from the concept and proposition hierarchies 

displayed on the map. Instruction seems to proceed best when 

examples are used to clearly illustrate and delineate concept 

categories (Joyce & Weil, 1980) and to illustrate 

propositions. Misconceptions and mispropositions can be 

counteracted, curtailed, or prevented during the 

instructional process through the judicious use of examples 

and nonexamples when illustrating concepts and propositions. 

Examples are chosen from the mapped concept or proposition 

hierarchies from subordinate levels. Since the map 

graphically displays subordinate levels. a full and valid 

range of examples can be more easily and accurately chosen. 

Nonexa•pies might typically be drawn from coordinate 

categories and delimit the range of a concept category or the 

applicability of a proposition. Deductive lessons proceed 

downward through the hierarchies from a statement of a 

concept definition or a proposition through examples taken 

from subordinate levels. Inductive lessons proceed upward 

with the presentation of examples or illustrations and with 

students developing concept definitions or statements of 

propositions which are superordinate to the exa•ples. 

Ausubel aodel lessons present the content of entire concept 

or proposition hierarchies first downward (progressive 

differentiation) and then roughly upward (integrative 

reconciliation). 

Teachers report that this planning technique is very 

powerful, exhaustive, and helpful and also extremely time 

consuming. The method has been used for about three years 

with undergraduate students. experienced inservice teachers. 

and with corporate trainers. Almost all teachers and 

teachers in training initially experience considerable 

difficulty in conceptualizing the task before them. Much of 

their distress is related to the task of discri•inating 

between the different types of knowledge. especially facts, 

concepts. and propositions. Once a map has been produced, 

the elegance of a variety of instructional models is 

immediately apparent to teachers. The execution of the 

planning and delivery of instruction seems to be considerably 

enhanced. Most teachers spontaneously express their delight 

in gaining new insights into the interrelatedness of the 

content they teach. Furthermore, teachers seem to be much 

more attuned to the misunderstandings that might exist or 

occur in the variety of knowledge areas. 
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CONCEPT MAPS AS REFLECTORS OF 
CONCEPTUAL UNDERSTANDING 

Kym Fraser and John Edwards 
James Cook University of North Queensland, Australia 

INTRODUCTION 

Over the past len years sc1ence education research in 

Australia and New Zealand has focussed attention on 

student misconceptions in science. Such researchers as 

Cunstone and White (!980) and Osborne and Gilbert (1979) 

have revealed some of the misconceptions that students 

acqu1re during their schooling. Revelations such as 

these have helped to emphasise the ~eed for teachers lo be 

aware of what conceptions and misconceptions their students 

bring into instructional settings. 

In reviewing what educational psychology had revealed about 

the facilitation of pupil !earning Lovell (1980) concluded: 

First I believe that, in general, what the 

pupil knows today, what relevant anchorage 

he has, is the best single predictor of what 

he will know tomorrow as a result of your 

teaching ... Second, it is necessary for the 

teacher to lr~ and establish the main ideas 

held by pupils at the time they begin to 

experience new material. Pupils hold many 

spontaneous strategies, misconceptions, and 

alternative frameworks ... Teaching must be 

adjusted to the anchorage lhe pupil already 

holds. At times interpretations of the 

pupil must be compared and contrasted with 

those of the teacher. Teachers can use 

individual interviews and concept mapping 

to establish ideas held. 

leachers roll their eyes in disbelief al the suqqeslion of 
a regular regime of individual interviews. The restructuring 

required lo enable such a system to operate is massive and 

unlikely to be widely implemented in classrooms. Concept 

mapping, on the other hand, offers a technique for revealing 

cognitive structure which appears manageable within present 

classroom constraints. This paper reports on part of a 

pilot study which investigated the feasibility of using 

concept mapping in secondary science classrooms. 

SETTING AND DESIGN 

The study involved instruction in concept mapping for 

twenty-four grade nine science students in a small co-

educational independent school in North Queensland. The 

students were drawn from two classes totalling sixty-three 

students. The sample students chosen were low and medium 

achievers as revealed by classroom tests. They normally 

worked in pairs and these same pairs were used throughout 

the study. During each of three month-long work units, 

groups of four students were put through the following 

treatment: 

Step 1: The four students were each given a list of 

approximately len central concepts associated with the 

coming unit of work. They were asked to write down all 

they knew about these concepts, under exam conditions 

with no time limit. 

Step 2: Individual audio-taped thirty minute interviews 

were held within one to three days of the examination. 

The focus of each interview is to reveal the students' 

understanding of these same concepts. 

Step 3: A thirty-minute training program in concept 

mapping, done separately with each pair of students 

out of class lime. 
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Slep 4: Construction of concept maps during class and 

homework lime over the four weeks of lhe unit. Individual 

on-going remediation was a part of this process. 

Slep 5: At lhe end of lhe unil each sludenl constructed a 

concept map of the overall unil using a set of self-

generated major concepts. 

lime wilh no lime limit. 

This was done in their own 

Slep 6: Individual audio-taped interviews were held 

within one lo three days of lhis lask. The focus of each 

interview was to reveal lhe student's understanding of lhe 

concepts discussed in Steps 5 and 1. Sludenl altitudes 

towards concept mapping and Ils effect on their learning 

were also sought. 

The procedure for training in concept mapping (Slep 3) 

was as follows: 

(i) Illustration of lhe key characteristics of a concept 

map using diagrams familiar lo lhe sludenls: a food web 

and a classification key (Fraser, 1983, p.53-SB), 

(ii) comparison of a concept map and lhe written 

paragraph from which il was developed (Novak, 1980, 

p.ii-8 and p.ii-9), 

(iii)provision of a formal for constructing a concept map, 

(iv) individual student production (using the given formal) 

of a concept map ba.sed on a hobby or inleresl, and 

(v) remediation and discussion of lhe map. 

Two basic formats for map construction (Step iii) were 

tried: 

Format l 

(a) Write down six or seven key words associated wilh 

the hobby, 

(b) 

(c) 

order these words from mosl lo least important (two or 

more words can be of equal imparlance), 

form lhe words inlo a map wilh the most important words 

al lhe lop and the least important at the bollom, and 

(d) draw lines between words which can be related lo each 

other and write linking words on lhe lines. 

Formal 2 was an adaptation of Format 1 based on a 

procedure suggesled by Fensham, Garrard, and Wesl (1981). 

Here Slep (b), the ordering of words, was accomplished by 

a mathematical procedure. The degree of relation between 

each pair of words is rated on a 0-3 scale and by summing 

lhe relational ratings a lolal rating IS achieved for 

each word. 

RESULTS AND DISCUSSION 

Comparison of wrillen and verbal responses 

A comparison of student's written reports and associated 

interviews prior lo training in concept mapping (Steps 1 

and 2) generated three major findings. Firstly, there 

were significant inconsistencies between what sludenls had 

wrillen about lhe len concepts and whal lhey revealed 

subsequently during interview. Responses were 

classified inlo five categories correct, incorrect, 

ambiguous incomplete, and no information. An inconsistency 

involved a shift from one category to another. Fifteen 

percent of the students showed incons1stency wilh only one 

concept, fifty percent with two lo four concepts, and thirty 

five percent with five to eight concepts. The majority of 

the inconsistencies involved a shift from a partial, 

unclear or incomplete written response to a verbal response 

which was clearly correct or incorrect. Over seventy

five percent of the students revealed at least one clear 

contradiction between their written and verbal responses. 



Secondly, neither concept difficulty nor student achievement 

level was rel3ted to the level or type of inconsistercy for 

students in this study. Thirdly, ten percent of the 

interviewer's interpretations of the students' written 

responses were subsequently shown to be inaccurate by the 

interviews. 

The major implication from the comparison is that the 

written responses were not clear indicators of cognitive 

structure. Students in this study had difficulty in 

accurately representing their conceptual knowledge In 

written form. As there was no lime pressure, it appears 

that lack of application and/or lack of fluency in written 

expression are likely explanations for the results obtained. 

This problem is compounded by the difficulty In accurately 

interpreting written responses. Results here suggest that 

not only do many students have problems with the encoding 

(expressing their ideas clearly in written form), but also 

teachers can have trouble with the decoding (accurately 

interpreting what is written). Take, for example, a 

written statement on 'formula' by one of the students: 

"An amount of substances put together". 

From this a teacher could easily assume that the student 

had at least a vague notion of formula as representing 

"substances" joined together in some way and even some 

sense of proportions or amounts. However during interview 

the student showed clearly that he had confused formula 

with equation. On re reading the written statement in 

light of the interview, one gels a very different 

understanding of what was intended. 

In summary, if one is lo attempt to base one's 

instruction on what the students already know, as Lovell 

suggests, it appears that sole reliance on written 

reports of the type used here would be unwise. 

Different methods for leaching concepl mapping 

All of the students acquired concept mapping skills to a 

sufficient degree to allow them to draw competent maps. At 

the same lime, a number of the students showed little 

enthusiasm for the process. It was seen as being a lot of 

extra work which they would happily avoid. All students 

trained with Format 2, the mathematical calculation, 

complained about the tedium of the process. A number of 

them were at pains to point out how they could order the 

conceptsin much simpler ways. No such complaints emerged 

from the group trained with Format 1. The maps produced 

by the two formats revealed no significant differences. 

The extreme unwillingness of students to work with Format 2 

suggests that for these grade nine students at least, 

Format l is the better procedure to use in the classroom 

selling. 

Comparison of concept maps and interviews 

interviewing is widely accepted as a method for revealing 

cognitive structure. The enormous influence of Piaget and 

his Genevan co-workers, based on his "clinical method" of 

interviewing (Opper, 1974) is convincing evidence of this. 

The interview techniques used here were based on Opper's 

discussion of the Piagetian clinical method (Opper, 1974) 

and the adaptation of the clinical method to concept 

mapping used by Novak and his Cornell group (Pines el al., 

1978). 

Table l shows the number of propositions each student 

included in the concept map prepared in Step 5, at the 

end of the unit. A proposition is here defined as "a 

specific relationship between two or more concepts" (Novak, 

1980, p.203). It should be noted that some of these 
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TABLE 1 

Propositions Revealed b): Conceet Haes and 

Student Number of Percentage 
propositions spontaneously 
in map revealed in 

interview 

K.G. 19 74?~ 

A.N. 17 82?~ 

B.P. 15 87?~ 

L.G. 15 80?~ 

S.G. 15 80?~ 

H.R. 15 73?~ 

S.E. 14 64?~ 

G.M. 13 77?~ 

A.Re 12 100?~ 

M.R. 12 83?o 

P.W. 12 83?o 

r.v. 10 80?~ 

T.M. 10 5D?o 

K.M. 9 78?o 

5.5. 8 lDO?o 

N.M. 7 lDD?o 

K.R. 7 lOO?o 

J.W. 7 100?~ 

A.R. 7 86?o 

I.F. 7 86?~ 

C.B. 7 86?o 

K.H. 6 lOO?o 

P.M. 5 lOD?o 

C.B. 5 80?0 

b): Interviews 

Percentage 
subsequently 
revealed by 
probing 

26?~ 

18?o 

13?~ 

20?~ 

20?o 

70' ,Q 

29°o 

2 3?o 

17?~ 

17?~ 

2D?o 

2 2?~ 

14?o 

14?o 

14?o 

2D?o 

propositions were in fact misconceptions. The Table also 

shows the percentage of these proposilionswhich were 

revealed during the subsequent interview (Step 6) - firstly 

those revealed spontaneously, and secondly those revealed 

by subsequent probing. The interview was held at least 

one day after the map was prepared, and up to three days 

after. Also, no reference was made to the concept map by 

the interviewer. The degree of agreement between the 

propositions revealed by the students' maps and the 

subsequent interviews is impressive. In only three cases, 

H.R., S.E. and T.M. did students not reveal all of their 

map propositions after probing during interview. The 

one student who could reveal only 50?0 of her map 

propositions, and 'gave up' when probed presented an 

Interesting case. Only five of her ten propositions 

were correct and four of these were revealed dur1ng 

interview. Even when cued she could reveal only one of 

her five misconceptions. It appeared that these may have 

been guesses which were put in to 'pad out' the concept 

map. 

While most students were able to elaborate slightly on 

propositions in their maps during interview, in only three 

cases did students reveal significant new information 

during interview. When questioned about this, one said 

that he didn't have the space to fit everything in his map, 

the second had included the information on her 'rough copy' 

of the map but had forgotten to put it into her 'neat copy' 

and the third suggested: "Just didn't think at the time 

to put it in". In all other cases if propositions central 

to the topic were not included in the concept map they were 

not subsequently revealed by the student when interviewed. 

These results indicate that in this study concept maps 

were as accurate as interviews for revealing student 



comprehension of concepts. !he implications of lhis 

finding for classroom practice are powerful. Many 

researchers, for example Lovell (1980), have long advocated 

the individual Interview as the best way to access student 

understanding. If a more comprehensive study confirmed 

the results obtained here, it would provide teachers with 

a very convenient, time-efficient indicator of student 

understanding for classroom use. 

This contrast between the h1gh equivalence of information 

revealed by concept maps and interviews, and the low 

equivalence between information revealed by written answers 

and 1nterviews is worthy of comment. This finding implies 

that concept mapping significantly helps students to clearly 

express their comprehension of concepts and conceptual 

inter-relationships, as well as helping the teacher to 

understand the written student communication. This 

implication can only be seen as tentative since the 

comparison of written and verbal answers took place at the 

start of the topic when students would have been much less 

knowledgeable and much less confident on the topic. 

Student and Teacher Reactions to Concept Mapping 

Most students regarded concept mapping as hard work and as 

an extra imposition~ particularly as many of their peers 

did not have to do it. At the same time, most felt that 

it helped their learning. For example: 

"There's the hard part of working it out, but 

then you have it for reference - you can just 

look back for study." 

"If you're a poor reader 1 ike me the map is good 

because it's easier to read"." 

"If you just study with words and writing out 

paragraphs they seem to just tell you about one 

thing, but if you're doing it in concept maps 

you can link il up- you can join il all loqether 

with the rest of the subject. It explains that 

one subject part more thoroughly to help it join 

in with the others." 

This function of helping students pull the topic together 

and develop a feeling of mastery was commented on by both 

the students and the teacher. Similarly the development 

of increased student self-direction was noted by the 

teacher as well as the students. For example: 

"That's happened to me a couple of times

where I didn't understand what the words 

were where I should have, and I'd look it 

up in the book and be able to fit il in 

properly." 

"First I see which ones [concepts] go together 

and the ones left over I look up and find out 

that they do go with others once I know their 

meaning." 

While concept mapping helped make students aware of gaps 

in their understanding, the degree to which they took 

steps to remedy this varied greatly. 

The teacher also commented on: the increased "academic 

self-concepts" of some students; the clarity with which 

the maps reveal student strengths and weaknesses; and the 

deeper level of processing encouraged by concept mapping. 

Marton and Saljo (1976) report that techniques which 

encourage deep level processing result in higher levels 

of outcome. The extent to which concept mapping coerces 

deep level processing is an important area for further 

research. 
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CONCUDING C[H£NT 

Results from this pilot study suggest that concept mapping 

has great potential as a classroom procedure for revealing 

the conceptual understanding of students. It was shown 

to be as accurate as interviewing for this purpose. Added 

to this it seemed to have a number of positive effects on 

student learning. 
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STUDENT USE OF COMPUTERS TO SELF-EVALUATE DATA FROM 
INTRODUCTORY PHYSICS LABORATORIES 

Norman H. Fredette, Fitchburg State College 

As more information about student conceptions of 

knowledge presumably acquired through a classroom experience 

is accumulated through research, there is a concommitent 

concern for ways of improving instruction related to that 

knowledge. A favored way of improving instruction is 

through expanding the number of presentations of the same 

subject. In the case of physics instruction, inclusion of 

laboratory work has traditionally been cited as the place 

where students have another opportunity to study or more 

directly observe some phenomenon described in text or 

lecture. Though not clearly supp::>rted by research, one can 

logically conclude that students experiencing laboratory 

work of both more appropri.ate quality and quantity will have 

fewer misconceptions about related phenomena than will those 

who have not; one goal of this paper is to present examples 

of expanded laboratory experiences. 

Another pedagogical consideration addressed in this 

paper relates to the p::>pular conception that students need 

to achieve some reasonable level of computer literacy 

through their standard course v..ork. Undoubtedly, "Computer 

Literacy" has become a holy grail of the eighties; botl't the 

educational and computer journals are devoting more space to 

personal accounts describing micro-computer applications to 

educational problems. The entire May, 1987 issue of the The 

Physics Teacher as given over to this matter and The 

American Physical Society has begun a new journal (Fall, 

1987) devoted to computers in the physics laboratory - both 

in research and education. 

Specifically, this paper centers about the use of com

puters as a pedagogical device directed at improving the 

quality of laboratory experiences. One example allows the 

student to check the validity of laboratory data both with 

respect to accepted results and with the findings of other 

students. Another example will be directed at students' 

self-checks of calculat.ions from their own data. 

The Process of Learning Physics: 
We know precious little about how people learn anything 

- physics included. In spite of the fact that we have had a 

number of cognitive scientists present us with models of 

human information processing, and we have had a number of 

researchers present data on both how the "successors" suceed 

and the current learning system "fails", there is little 

concensus among educators on appropriate learning 

prescriptions for success. 

Few physics instructors would disagree with the premise 

that they v..ould like to accomplish tv..o main goals with their 

course. One goal being that the student is able to 

articulate some physics "knowledge" (e.g., a net force on a 

body produces an acceleration equal to the quotient of the 

force and the mass) and the other goal being that the 

student becomes aware of ~ it is appropriate to ~ a 

particular piece of "physics knowledge". 

Instructors prepare lectures which include several 

"clever" demonstrations and derivations; they plan labs 

which either provide personal encounters with classical 

events or "state-of-the-art" technology. 

Yet the data provided in Fredette and Lochhead(l980), 

Clement(1979), Fredette and Clement(1981), Fredette(1981), 

and Steinberg (1984), to name a few, suggests a need for 

curriculum planners to rethink the foundations up::>n which 

their courses are built. The data described in these papers 

suggest that students make serious errors when asked to 

apply physics knowledge in some supposedly simple problems; 

we read of errors which we teachers v..ould hardly expect ~ 

students to make - given the excellent instruction they 

receive. The truth of the matter is that if any of us 

closely examine the v..ork of our "good", "non-major" 

students, we will find similar errors occuring in a similar 

incidence. 

In Riley(1983), one finds the report of a study where 

instructiona 1 methods with respect to the learning of 
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physics were examined. Specifically, the Riley paper 

describes several investigations in which instructional 

rrodels based on a fundamentally Gestalt cognition theory 

were tested. As in rrost educational research projects, the 

results have not been eart~-shaking but the researcher is 

encouraged and feels the study worth pursuing. 

The specific computer application being suggested here 

is partly in response to a conviction that learning is most 

effective when there is a sense of context for the learner; 

this is consistent with the cognitive development rrodel of 

Piaget as well as the "Whole-Parts Schema" described by 

Riley. It is also partly in response to a sense that 

college students in the year 1987 ought to have a personal 

encounter with thls particular tecnological device. These 

two major concerns have been translated into the development 

of a computer application which has the potential of 

enhancing the learning of physics. 

The author of this paper, on the basis of 20 years as a 

college physics professor acting as the instructor in every 

aspect of the introductory physics course, has come to 

believe that independent student lalx:>ratory work (both 

physical and rrental) is the area rrost in need of strength

ening. This experience has sh<:Jwn that many students view 

the lalx:>ratory experience as an entity unto itself. The 

people being referred to here come to gather a specific 

collection of numbers as efficiently as possible; there 

seems little concern over the possibility that the data is 

either inapproriate or incomplete. Furtherrrore, previously 

cited research indicates that many perceive no connection 

between the data gathered in the lalx:>ratory and other 

aspects of the course. Data from a variety of sources 

(Larkin and Reif(l978) is one) does suggest that students do 

not readily create larger knowledge structures without en

vironrrental cues that it is appropriate to do so. The algo

rithm to be described, in the form of a computer program, 

has been designed with these learning precepts in mind. 

The optimum solution is obvious: create a student sense 

of personal responsibility for solving a problem or 

answering a question yet provide some sort of as-needed 

structure and assistance. The operating environrrent must 

require that the student take an active role in deciding 

what to do next as well as allow for "professional" urging 

or help. In the proposed plan, it is suggested that the 

instructor withhold some of the detail of the experiment 

procedure; whatever parts it is felt will produce ambiguous, 

yet not completely disastrous results. Students must have 

enough pf a sense they are on the right track toward 

completing the required work. 

As part of his work in lab, the student is required to 

develop a tentative (or "final") answer to the problem being 

worked on. 

The computer becomes an "advisor" whose level of 

subtlety in its degree of interation with students will be a 

consistent one. The best-written computer-instruction sets 

have a high degree of "intelligence" when it comes to 

individualizing the level of subtlety. 

The Lilioratory Problem which Utilizes Program GRAVITY 

one experirrent common to most first semester intro

ductory physics courses is one in which the student is asked 

to determine the rate of acceleration associated with some 

component of the earth's gravitational force. At this 

point, it is useful to introduce the following convention: 

whenever the word "GRAVITY" appears thusly (fully 

capitalized), it refers to the particular computer program 

and its application being presented here. 

GRAVITY's role enters with the student • s independent 

determination of "the answer" to the problem assigned. In 

this case, it is the rate of acceleration of some rolling, 

sliding, or perpendicularly free-falling object. Then, in 

what may be considered a non-threatening encounter (GRAVITY 



has no part in the student evaluation), the student presents 

the computer with both raw data and the calculated result. 

In return, the student is given a report on the quality of 

his work by comparing his results with those considered 

expert as well as those for the same experirrent as performed 

by other students. A sample program run makes up figure 1. 

The program was written for tlle standard personal computer 

configuration thus all user-input is through a keyboard and 

the output to the student is through the machine's video 

screen. Optionally, output is available in printed form; 

figure 1 includes both screen output and "hard-copy" (output 

via a printer). The next section is a review of figure 1. 

GRAVITY in the Laboratory 

All of the typewritten material making up the first page of 

figure 1 would normally appear only on the video screen. 

The program output was planned for an 80 column by 24 line 

screen. This autllor has added hand-printing and hand-drawn 

bracing to distinguish actual computer output from notes 

added for discussive purposes here. 

The material included in the section braced by the 

label "A" ought to be part of any stored prO::jram which is 

put into use infrequently. This section appears on the 

screen at the outset of the program run. As can be seen, it 

includes a reminder to the instructor about printer settings 

and presents whatever the 'master' program user has as 

options. 

The section braced by the letter "B" is what may be 

called the apparatus or procedure data distinguisher. 

Rather tl>an distinguishing the data by person or 

experimental team, it is grouped according to apparatus. It 

then becorres possible to ask reviewers to COil'llreilt on whether 

or not "better" results tend can be associated with any one 

procedure in particular. Such a grouping also discourages 

attempts to personalize data quality. More will be said 

later about the value of identifying data this way. 

f .1_gure 1 

!sTOPPED; 'l' Wlll start pro9ram anew;'2' will add to 

• ----'10' AT DEVICE INPUT WILL DUMP ALL TO PRINTER t
Xlltlng" t1le. '99.9' at DEVICE 1nput Wlll dUITip to d.lSC 

(save t1le st:ould/w1ll be on current drive) 

----SET BAUD RATE OF PRINTER AT 1200- and characters to 10/ in 
OPTION? 2 

{

nter the number ot the exper1.ment tor whlch you are prov1d1.ng data: 
dropped ball - { 11 

ball and ra1l - 12) 
a1r track - (3) 

8 

DeYlco or opt1on soloctlon? 3 
hlS trlal Wlll be 1dent1fied 1!15 NUMBER 68 

r~ '" mo•'" ' 72 
Distance ~n meter& 1.125 

c An9le in de9rees 5. 2 
Mass in kllograms . 4 50 
Has your data been entered correctly (l•yes; O•no)? 1 

r TRIAL DEVICE ANGLE DISTANCE MASS TIME D!FF 
68 3 5. 2 1.125 0.450 1.72 14 

!OTHER TRIALS 
50 1 90 1.38 • 084 • 53 4 1 

I 51 3 2.4 • 6 7 1. 96 1. 821 1 

i 52 3 2. 4 .67 1. 96 1. 83 2 

I 53 3 2. 4 .67 1. 96 1. 798 1 

I 54 2 11 1.3 .OS 1.3 17 
5~ 2 11 1.3 .OS 1. 28 15 
56 2 11 1.3 • 0 5 1. 26 12 
57 2 11 1.3 .OS 1.24 9 

58 2 11 1.3 • 0 5 1. 22 6 
59 3 4.2 • 68 1. 96 1. 3 51 3 
60 3 4. 2 • 6 8 1. 96 1. 367 1 
61 3 4.2 .68 1. 96 1. 335 6 
62 3 4.2 1.1305 1. 96 1. 692 10 
63 3 4. 2 1.135 1.96 1. 682 11 
64 J 4. 2 1.1305 1. 96 1. 682 11 
65 3 4. 2 1.1305 1. 96 1. 688 10 
66 3 7. 77 • 645 • 625 ,89 22 
67 3 4.2 1.1305 1. 96 1. 6 79 11 

PRESS <ENTER> OR <PETUPN> TO INPUT MORE DATA 

rEnter the number 
r dropped ball ... 
j ball and ra1.l -
j a1r track -

of the exper1.rru~nt tor whlch you are prov1.ding data; 
tl) 
f 21 
f 3) 

;oevice or option select.lon? 10 
:1s PRINTER ON? 

·1 

TRIAL DEVICE ANGLE DISTANCE MASS TIME DIFF 
1 2 9. 96 10 0 0.120 1.3 \66 72 
2 2 9.96 1.5 0.120 1. 6 33 
3 2 9.96 2 0.120 2.0 41 
4 2 8.5 2 0.120 2. 0 31 

5 1 90 1. 709 0,045 0,6 1 
6 1 90 1.7 0.045 0.6 0 
7 2 8. 2 2 1 0.120 1.4 27 
8 2 8. 22 1.8 0.120 1.8 19 
9 2 8. 2 2 2 0.120 2. 0 29 

10 2 12 1.9 0.015 1.6 26 
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The number "68" in the line "This trial ••. 68" is set 

by the program with each new student input changing the 

value of this number by 1. The numbering is kept accurate 

by conditional statements; instructor-exercised options as 

well as altered entries do not increment the numbering 

procedure. In this program, the number "68" is highlighted 

by reverse video (dark characters, light background). This 

number is for the student's awn reference. 

Data (numbers only) provided by the student may be 

found in the series of boxes within the section braced by 

the letter "C". Unless the programmer is clever enough to 

employ "screen codes" for data entry (the procedures used by 

writers of "spread-sheet" programs), alteration of data 

which has been entered on some previous line requires a 

specific option such as the the last line of this section. 

If the student enters a "0" at this query, the computer runs 

through its prompts one more time without incrementing the 

trial number; previously-entered data is written over. 

A dotted line encircles section "D". This array of 

information is the greatest number of lines displayed at any 

one time by a computer operating under the CP/M or MS!X)S 

operating systems. In addition to the data set just 

entered, data from the most recent 18 trials is also 

displayed. Typing • 999' at the device selection overwrites 

the student-data file which existed at the beginning of the 

session or it creates one if none existed previously. 

Figure 1 (section "E") is a sample computer outputs for one 

instructor option ...ni.ch may be exercised (other than 

quitting the program) after the students have entered data. 

When '10' is typed, all student data beginning with trial 1 

is printed out. 

Figure 2: The Program Listing for GRAVITY 

The discussion ...ni.ch follCYWS assumes an introductory 

knowledge of the BASIC language as it is implemented on 

virtually any computing system. 

Statements 110-150: The use of "Arrays" is a standard 

approach to retaining several values of sorre variable within 

the execution of a program. "Dimensioning" sets the maximum 

number of these values to be stored. In this case, one

dimentional arrays have been created for each variable. The 

purpose of the DEFINT statement, which app?ars in line 180, 

conserves memory and sp?eds up disk read/write 

Statement 170: Declares string variables (sets of characters 

which have no numerical value) to be used later with the 

PRINT USH~ statement (to be explained later) 

Statements 230-350: Reminders to the Instructor-user: 

Practices which make for rapid reading are important to 

consider here; hence the use of PRINT statements to create 

blank lines along with tabbing. Bear in mind that this user 

needs to be reminded of any practices or "hidden" options 

whose inappropriate use may result in the "hanging-up" (the 

computer no longer recognizes input from the keyboard) or 

the "trashing" (the program is exited) of recently-entered 

student data. The pedagogical value of this parHcular 

operation is of particular interest to this author and will 

be discussed further in a later section. 

Lines 410-490: This is the section where the terms under 

which the data may be sorted are described. The facts that 

keyboard entries are limited by the "sieve" statement in 

line 880, and that this running point marks the beginning of 

the student-use cycle make this the appropriate place to 

allow instructor intervention. 

Statements 490-530: Keyboard entries of '10' and '999' will 

produce printouts of all data and the saving-to-disk of all 

student data. If a student user should inadvertently enter 

these numbers, no serious harm will come. 

Statements 570-650: Each computer prompt is a request for 

one piece of data; I have had little success with prompts 



Figure 2 

Program Listing for GRAVITY 

10 'Program name: GRAVITY 

30 'Revised 7/8/87 

50 'AUTHOR: Norman H. Fredette, Physics Department 

70 ' Fitchburg StAte College, Fitchburg MA, 01420 

90 KEY OFF 

110 ' --- Dimensioning and declaration of variables 

130 DEFINT C,Y,I,X,Z:C=l 

150 DIM 

G(300) ,DIFF(300) ,Y(300) ,M(300) ,AN(300) ,DI(300) ,T(300) 

170 AS="##.#":BS="###":CS•"#" 

190 QB 

210 PRINT:PRINT:PRINT 

230 ' --- Reminders to the inst.ructor 

250 PRINT" STOPPED; 1 1' will stArt program anew; 1 2' will add 

to" 

270 PRINT"existing file. '999 1 at DEVICE input Wlll dump to 

disc" 

310 PRINT "--'10' AT DEVICE INPUT WILL DUMP ALL 1D PRINTER" 

330 PRINT" ----SET BAUD RATE OF PRINTER AT 1200- and 

characters to 10/in" 

350 INPUT "OPTION";Z: IF 2=2 THEN GOTO 1230 

370 CLS:PRINT:PRINT:PRINT 

390 ' ---Student input of data 

410 PRINT"Enter the number of the experiment for which you 

are providing data:" 

430 PRINT" dropped ball - (1)" 

450 PRINT" ball and rail- (2)" 

470 PRINT" air track- (3)" 

490 PRINT:PRINT:INPUT "Device or option selection";Y(C) 

510 IF Y(C)"10 THEN GOTO 1430 

530 IF Y(C)=999 THEN GOTO 1330 

Figure 2 (cont.) 

550 PRim'"This trial will be identified as NUMBER "; :COIDR 

0,7:PRINT C:COLOR 7,0 

570 PRINT: INPUT "Tirre in seconds";T(C) 

590 INPUT "Distance in meters"; DI (C) 

610 IF Y(C)=l THEN GOTO 650 

630 INPUT "Angle in degrees ";AN(C) 

650 INPUT "Mass in kilograms ";M(C) 

670 ' ---opportunity to alter information 

690 INPUT "Has your data been entered correctly (!=yes; 

O=no)";Z 

710 IF z,O THEN OB:PRINT "Enter data anew:":GOTO 570 

730 ' ---algebraic manipulation of student data 

750 IF Y(C)=l THEN AN(C)=90 

770 G(C),2*DI(C)/(SIN(AN(C)*3.1416/180)*T(C)-2) 

790 DIFF(C) "ABS({G(C)-9.8)/9.8)*100 

810 1 ---evaluation of data just enetered 

830 QB 

850 PRINT" TRIAL DEVICE ANGLE DISTANCE MASS 

TIME DIFF" 

870 PRINT TAB(5);C; 

890 PRINT TAB(12);Y(C); 

910 PRINT TAB(22);AN(C); 

930 PRINT TAB(31);DI(C); 

950 PRINT TAB(40);USING "#.###";M(C); 

970 PRINT TAB(50);T(C); 

990 PRINT TAB(58) ;USING B$; DIFF(C) 

1010 ' ---listing of up to 18 most recent student trials 

1030 IF C=l THEN GOTO 1130 ElSE PRINT "OI'HER TRIALS" 

1050 FOR I=C-18 TO C-1:IF I>O THEN PRINT 

TAB(5) ;I;TAB(l2) ;Y(I) ;TAB(22) ;AN(!) ;TAB(31) ;DI (I) ;TAB(40) ;M(I); 

1070 IF I>O THEN PRINT TAB(50);T(I);TAB(58); 

1090 IF I>O THEN PRINT INT(DIFF(I)) 

1110 NEXT:GOTO 1130 

1130 PRINT "PRESS <ENTER> OR <RETURN> TO INPUT MJRE DATA" 
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198 Figure 2 (cont.) 

1150 AAS=INKEYS:IF AAS=CHR$(13) GOTO 1210 

1170 GOTO 1150 
1190 • --- save all data to disc; overwrite existing file 

1210 C=C+1:GOTO 370 

1230 OPEN"I",1,"ROLL6.SAV" 

1250 INPUT#1,C:FOR I=1 TO C:INPUT#l, 

Y(l) ,DI (I) ,AN (I) ,M(l) ,T(I) ,G(I) ,DIFF(I) :NEXT 

1270 CIDSE #1 

1290 C=C+1:GOTO 370 

1310 ' --- retrieve data from previous lab(s) 

1330 OPEN"O", 1, "ROLL6 .SAV" :C=C-1 

1350 WRITE#1,C:FOR I=1 TO 

C:WRITE#l,Y(I) ,DI (I) ,AN (I) ,M(l) ,T(I) ,G(I) ,DIFF(I) :NEXT 

1370 CIDSE #1:C=C+l 

1390 GOTO 410 

1410 ' --- hard copy of all student data in memory 

1430 PRINT"IS PRINTER ON?" 

1450 LPRINT" TRIAL DEVICE ~ DISTANCE 

TIME DIFF" 

1470 FOR I=1 TO C-1:LPRINT 

TAB(5) ;I;TAB(l2) ;Y(I) ;TAB(22) ;AN(!) ;TAB(31) ;DI(I); 

1490 LPRINT TAB(40);USING "#.###";M(I); 

1510 LPRINT TAB(50);USING A$;T(I); 

1530 LPRINT TAB(56);USING B$;DIFF(I) :NEXT:GOTO 410 

1550 END 

MASS 

which request several pieces of data separated by commas. 

Separate prompts for each variable also allow for easier 

transformation to another collection of variables. Most 

prograJ'TIIlers tend to limit user input to all computer prompts 

with statements which act like a sieve; permitting the 

program to continue only if keyboard entries fall wit~in 

certain bounds. Because these statements are often 

difficult to write (the programmer must anticipate ~ 

inapropriate entries), this author often doesn't bot~er with 

them at all because the risk has never proven t~t much of a 

problem. 

Statements 690-710: This is an important option because 

students often confound their data entries; a fact which 

becomes obvious to them only when the entry process is 

complete. If the student enters 'O', the trial number is 

not incremented and the entire query sequence is run through 

once again. 

Statements 750-790: Here, the computer calculates the 

student result and compares it with the "accept.ed" value. 

Note that the student is not informed of thls calculated 

result in the screen-print which comes next. 

Statements 850-990: Along with a repeat of t~ data just 

entered, the student is given a comparison of other student 

result as well as some indication of how each result 

compares to theoretical expectations from the simplest 

system. PRINT usn~ statements are designed to accomplish 

bM:J things: 1.) to 1 imi t the reported digits, ; 2. ) to 

"right-justify" the n\Jilbers for easier (more rapid) 

comparison. PRINT usn.,;; statements cannot be mixed on the 

same program line in this particular version of BASIC. 

Line 1030: a sieve statement for the case of no previous 

student data 



Statements 1030-1170: Produces a listing of other student 

trials. The number reported is limited to a screenful of 

both the student's own data and the most-recently entered 

data for the same device (or procedure) • 

Statements 1190-1370: This sequence produces the data 

transfer between computer and disc storage. The statements 

here describe "sequential file" operations. An alternative 

operation, called "random file" accessing is preferred by 

some programmers because this latter type can be designed to 

t~e up less disc space but it must also be defined more 

carefully. 

Statements 1410-1530: This is t.he sequence which provides a 

carry-away copy of all student data and calculated results; 

note that the calculation(s) required of the student are 

included here. 

Using Computers to check student calculations 

Programs such as the one to be discussed were developed 

as a way of encouraging students to follow their data 

through to a calculated result while the apparatus is still 

available to verify the raw measurements. Some may find it 

"overkill" to use a computer as a calculation check; others 

see this device as providing an opportunity for the 

laboratory instructor to concentrate his or her efforts on 

helping the student Gomprehend the physics rather than 

identifying the mathematical reason for an inappropriate 

calculated result. 

Clearly one of the goals of any physics course is the 

achievement, on the part of the student, of a certain degree 

of "physics literacy". The rrake-up of that literacy is 

often moot so the intent of providing this computer 

interaction is not so much an argument for the content as it 

is the style. 

Another goal addressed through this program is that of 
ensuring that the student has information applicable to 

writing an appropriate lab report before he or she leaves 

the data-gathering time and place. 

Evaluating Data from the Ballistic Pendulum Experiment 

The Ballistic pendulum rerrains an experiment in rrany 

introductory physics laboratories because it provides an 

accurate case of the dynamical issues associated with 

"perfect" inelastic collisions (i.e. - momentum is conserved 

while mechanical kinetic energy is not) • The experiment 

requires only tw:> operations. First, the student "fires" 

the ball from a position which is located about one meter up 

from the floor; the pendulum has been removed and the gun is 

horizontal. Using information about the ball's horizontal 

and vertical displacements, the student presumably can 

determine the ball's initial velocity as it leaves the gun. 

In reality, few students can actually do this successfully 

on the first try. Furthenrore, without prodding, few 

realize that their incorrect answer is indeed incorrect. It 

then becomes someone's responsibilty to help them realize 

the situation and to do so in a developmentally-helpful 

way. 

The second operation is that of firing the ball into 

the pendulum. Using measurements of the system's change in 

vertical displacement after the collision (along with the 

masses and just-determined initial velocity of the ball), 

changes in rromentum and mechanical energy of each l'l'ell"ber of 

the system are determined and physically evaluated. 

Using BAILPEND in the Laboratory: 

This author has used a single-page laboratory 

instruction sheet for this experiment in which the 

operations are described but the calculations are not. 

Students are simply asked to determine several descriptors 

from some measurement or measurements. 
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F1gure Ja 

Completely Successful Sample Run for Balliat1c Pendulum 

EVALUATIONS OF CALCU~TlONS RELATING TO THE BALLISTIC PENDULUM 

lf basic data (mass of the ball etc) has already been entt:"red, 
and, you DO NOT wish to change t:.he•, then ---
enter the number of the trlal; otherw1se, enter '0'7 0 
Thl& tr1al will be identified as NUMBER 1 
Mass of the ball (qrams) ••••••••••••••••••••••••••••••.••••• ? 63 
Mass of the pendulum {qra~as) ••••••••••••••••.•••••.••••••••• ? 287 
The follow1nq two requests relate to the 51tuat1on 1n wh1ch the 
pendulum is NOT 1n place: 
Hor1zontal distance traveled by ball t111eters} ............... 7 2.85 
Vertlcal distance traveled by ball (meters) .................... ? .89 
Your calculation of the ball's 1nitial velocity (m/a) •• H .... ? 6 .. 69 
Has your data been entered correctly (l•yes: O•no)? 1 
Your value for the Yeloc1t:.y corresponds to your data -Gopd go1nq! 

l1net1c Energy of the ball be-fore colll&lon (Jt •••••••• ~H.? l.fl 
Calculat1on of th1s IE Ol; --Good 

Chanqe in vert1cal Chsplacement of ball/pendulum (cmj. .... 7.1 

Chanqe 1n Pot~ Enerqy of the ball/pendulum •fter collts10n (JJ •• ? .2fJ 
Our calculat1ons for the potent1al energy agree. Good 

Now~ based on Conservation of momentum for the ball/pendLdum 
system, what must be the IHnetlc Energy of the 
ball/pendulum 1mmed1ately follow1ng the colllslon {J) •• ~ •• ? .25-4 
Your calculat1on of the ball/pendulum's k1net1c energy 1s 

correct accord1nq to your data~ GOOD! 

YOUR TECHNIQUE MUST HAVE BEEN GOOD TOO BECAUSE YOUR ERROR WAS LESS THAN J' 
CONGRATULATIONS ------- BUT ••• 

The d1ffe-rence between the 1<.1net1c Energy of the ball before the 
colllSlon and the.ball/pendulum COfllbln4tlon as 1t begins lt upward Journey 

1.156 Joules; th1s repr~Psents a dlfference- of Bl t 
--- 15 th15 acceptable according to t-heory? 

Press <ENTER> or <RETURN> to con~1nue 

F1gure lb 

Addltlonal Sampl@ Runs of Balllst1c Pendulum 

[

EVALUATIONS OF CALCULATIONS RELATING TO THE BALLISTIC PENDULUM 

If bas1c data {mass of the ball etcl has already been entt>red, 
and, you DO NOT w1sh to change them, then ---
enter the number of the trlal; otherw1se, entt'r ~0'? 0 

[Th1s trud will be "l.dent1fied as NUMBER 1 

1
Mass of the ball {grams) ..................................... ? 63 

~~~:sf~~ ~~:~nr~=~~~:q~~~::s ~;i;~; · ~~ · ~;.; ·; i ;~;~ ~~~ · ~~ · ~h~~h · ~h; • 8 7 

A pendulum 15 NOT in place: 
Horizontal dlstancP traveled by ball (meters) .•..•••.. ~••H•? 2.85 
VPrt:.1cal d1stance traveled by ball (meters) •••••••••.••••••• 7 .89 
Your calculat1on of the ball•s 1n1tlal velocity tm/s) ••••••• ? 6.69 
Has your data been entered correctly (l"'yes; O•no)? 1 
Your value for the veloc1ty corresponds to your data -Good go.1ng! 

J1netic Energy of the ball before collls1on (J) •••••••••••• ? .89 
Us1nq the data prov1ded here. your calculat1on of th1s last 
quantlty l& not w1th1n 2' of the value calculated by the computer. 

1---Pl@ase recheck your work. 
~ress <ENTER> or <RETURN> to cont1nue 

~
EVALUATIONS OF CALCULATIONS RELATING TO THE BALLISTIC PENDULUM 

H baste data (mass of the ball @tCJ has already bt>en entered, 
1and, you 00 NOT Wl sh to changP thf'm. then 
jenter the number of the tr1al; otherw1se, enter ~0'? 1 
8as1c data for t-rlal t 1 

:Mass of the ball tk1logro~ms) •.•••• ··········~·····~·· .063 

J
1Mass of the pendulum (klloqrams) •••...••.•••.••••.•••.. 00287 
.Hor1zontal dlstance traveled by ball (meters) •.• ~····· 2.85 

B Vert1cal dlstance traveled by ball (meters) ••.••....••• 89 

'

Your calculat1.on of the ball's 1n1t1al veloclty (m/s) ••..•.• 6.69 
1<.1net1c Energy of the ball before colllslon (J). ··~········? L41 
Calculat1on of thls I<.E OK; --Good 

Q 
...... g 
...... 
Ill 

[ 

1\) 

8 

!

Change 1n vert1cal displacement of ball/pendulum (em) ...... ? 7.1 

Change 1n Pot. Energy of the ball/pendulum after collls1on (J) .? .082 
Us1ng the data prov1d~d here, your calculat1on of th1s last 
quant1ty 1s not w.lthJ.n 2' of the value calculated by the computer. 
i---Plea~;e recheck your work~ 
L!ress <ENTER> or <RETURN> to continue 



the kinetic energy. The 2% allowance is provided for 

"rourrling-off" and is based largely on experience wHh this 

particular experirrent. The program is written to interrupt 

at the earliest point at which a miscalculated value is 

entered and then print the message shown at the bottom of 

this section. Recall that students are asked to note their 

particular trial nl..lll'ber so that when they do return to the 

computer, they need not re-enter all previously identified

as-correct raw data and calculated values. 

Section "B" of figure 3b is an example of a case where 

t~e student had previously entered an appropriate value for 

velocity but not for energy. Thus when that person enters 

"2" {t~e trial nl..lll'ber) the terminal prints out all the 

previous information (stored in computer memory) up to the 

last incorrect value; it pauses for the newly calculated 

value and if found acceptable, goes on to the next request. 

Program Listing for BALLPEND: Figure 4 

There were three main issues which had to be resolved 

in the writing of this program and all three were related to 

the use of logical arguments. First, there were those which 

would evaluate student input; these are straight-foreward 

and not unlike those appearing in GRAVITY. The secorx:l use 

of logical arguments related to the identification of all 

data and calculated values for some given trial. The third 

involved the printing out of stored information as the 

student returns to enter information anew; these last argu

ments turned out to be the rrost difficult to write. 

Space does not allow for a detailed discussion of the 

program so suffice it to say that, except for the rrore 

complicated logical structure, programming style parallels 

that discussed in the case of GRAVITY. 

Figure 4 

Listing for Ballistic Pendulum Program 

10 1 Program name: BALLPEND.BAS ; REVISED 7/9/87 

30 1 Author: Norman H. Fredette, Physics Deaprtment 

50 Fitchburg State College, Fitchburg, MA; 01420 

70 1 
--- Dirrensioning of variables 

90 DEFINT C,I,Z:C=1 

llO DIM 

MB(300) ,MP(300) ,X(300) ,Y(300) ,VB(300) ,H(300) ,KE(300) ,L(300) 

130 DIM 

VC(300) ,KEC(300) ,PA(300) ,KA(300) ,KAC(300) ,PAC(300) ,DIFF(300) 

150 CLS:PRINT:PRINT:PRINT 

170 1 
--- Student input of data 

190 PRINT"EVALUATIOOS OF CAI.CULATIOOS RELATIN:; TO THE 

BALLISTIC PENDULUM" 

210 PRINT 

230 PRINT "If basic data (mass of the ball etc) has already 

been entered," 

250 PRINT "and, you 00 NCYI' wish to change them, then --" 

270 INPUT "enter the nl..lll'ber of the trial; otherwise, enter 

'0' ";J 

290 IF J>O THEN PRINT "Basic data for trial 

#";J:G=C:C=J:GOTO 1790 

310 PRINT "This trial will be identified as NUMBER"; :COIDR 

0,7:PRINT C:COIDR 7,0:L(C)=O 

330 INPUT "Mass of the ball 

(grams) .................................... ";MB(C) 

350 IF MB(C)=999 THEN 1730 

370 INPUT "Mass of the pendulum 

(grams) •.••••••••••••••.••••••••.•••••• ";MP(C) 

390 MP(C)=MP(C)/1000:MB(C)=MB(C)/1000 

410 PRINT "The following two requests relate to the 

situation in which the" 

430 PRINT "pendulum is NCYI' in place:" 
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202 
Figure 4 (cont.) 

450 INPUT "Horizontal distance traveled by ball 

(rreters) ••••••••••.•••• " ;X (C) 

470 INPUT "Vertical distance traveled by ball 

(rreters) •..•••••••••••••• ";Y(C) 

490 INPUT "Your calculation of the ball's initial velocity 

(m/s) ••••••• ";VB(C) 

510 INPUT "Has your data been entered correctly (1=yes; 

O=no)";Z 

530 IF Z=O THEN ClS:PRINI' "Enter data anew:" :GOTO 330 

550 1 
-- next GOTO is the math eval. of vel. of ball before 

collision 

570 GOTO 970 

590 COLOR 0,7:PRINI' "Your value for the velocity corresponds 

to your data -Gocx:l going!":COLDR 7,0:PRINI':L(C)=1 

610 INPUT "Kinetic Energy of the ball before collision 

(J) •••••••••••• ";KE(C) 

630 1 
- next GOTO is math eval. of KE of ball before 

collision 

650 GOTO 1130 

670 COLOR 0, 7:PRINI' "calculation of this KE OK; -

Good":COLOR 7,0:PRINI':L(C)=2 

690 INPUT "Change in vertical displacement of ball/pendulum 

(em) •••••• ";H(C) 

710 H(C)=H(C)/100 

730 PRINI':INPUT "Change in Pot. Energy of the ball/pendulum 

after collision (J) •• ";PA(C) 

750 1 
-- next GOTO is math eval of change in PE after 

collision 

770 GOTO 1190 

790 COLOR 0, 7:PRINI' "Cllr calculations for the potential 

energy agree. Good"; :COLOR 7, 0: 

810 PRINI':L(C)=3 

Figure 4 (cont) 

830 PRINI':PRINI' "Nc:M, based on Conservation of rromentum for 

the ball/pendulum " 

850 PRINI' "system, what must be the Kinetic Energy of the" 

870 INPUT "ball/pendulum immediately following the collision 

(J) ••••• ";KA(C) 

890 1 
-- next GOTO is math eval of KE of ball/pendulum just 

after collision 

910 GOTO 1250 

930 CIS 

950 ' --- all math evaluations follow 

970 VC(C)=X(C)*SQR(9.8/(2*Y(C))) 

990 IF ABS (VC(C)-VB(C))<.02*VC(C) THEN 590 

1010 PRINI' "Using the data provided here, your calculation 

of this last" 

1030 PRINI' "quantity is not within 2% of tl'le value 

calculated by the computer." 

1050 PRINI' "---Please recheck your ...ork." 

1070 GOTO 1570 

1090 IF G>O THEN C=G:G=O: C=C+1:GOTO 150 

1110 C=C+1:GOTO 150 

1130 KEC(C)=.5*MB(C)*((VB(C))-2) 

1150 IF ABS(KEC(C)-KE(C))<.02*KEC(C) THEN 670 

1170 GOTO 1010 

1190 PAC(C)=(MB(C)+MP(C))*H(C)*9.8 

1210 IF ABS(PAC(C)-PA(C))<.02*PAC(C) THEN 790 

1230 GOTO 1010 

1250 KAC(C)=.5*(MB(C)*VB(C))-2/(MP(C)+MB(C)) 

1270 IF ABS(KAC(C)-KA(C))<.02*KAC(C) THEN 1310 

1290 GOTO 1010 

1310 COLOR 0,7:PRINI' "Your calculation of the 

ball/pendulum 1 s kinetic energy is" 

1330 PRINI' " correct according to your data. 

GCXJD! .. ; :COLOR 7 I 0: 

1350 PRINT:L(C)=4 



Figure 4 (cont.) 

1370 DIFF (C)=ABS(KA(C)-PA(C)}:PRINT:PRINT:PRINT 

1410 IF DIFF(C)<.03 THEN COLOR 0,7:PRINT "YOUR TECHNIQUE 

MUST HAVE BEEN GOJD TCO BEX:AUSE YOUR ERROR WAS LESS THAN 

3%" 

1430 IF DIFF(C)<.03 THEN PRINT" CONGRATULATIONS----

---";:COLOR 7, 0: 

1450 IF DIFF(C)<.03 THEN PRINT" BUT ••• ":GOTO 2190 

1470 IF DIFF (C)< .08 THEN PRINT "YOUR EXPERIMENTAL ERROR IS A 

BIT HIGH FOR THIS" 

1490 IF DIFF(C)<.08 THEN PRINT "PARTICULAR SET-UP; TRY 'ro 00 

IT A LITTLE MJRE CAREFULLY 

1510 IF DIFF(C)<.08 GOTO 1570 

1530 PRINT "YOUR EXPERIMENTAL ERROR (GREATER THAN 8%) 

SUGGESTS THAT YOUR MEASURING TECHNIQUE WAS A BIT SLOPPY." 

1550 PRINT "00 IT AGAIN USING MJRE CARE." 

1570 PRINT "Press <ENI'ER> or <RETURN> to continue" 

1590 X$=INKEY$:IF X$=~(13) GOTO 1090 

1610 GOTO 1590 

1630 PRINT "PRESS <ENI'ER> OR <RETURN> 'ro CCNTINUE" 

1650 X$=INKEY$:IF X$=~(13) GOTO 1370 

1670 GOTO 1650 

1690 1 
-- section which follows allows for entry of 

calulated values only 

1710 1 ---assumption is that basic measurements are OK 

1730 INPUT "TRIAL ~· ;J 

1750 PRINT "This trial will be identified as NUMBER"; :COIDR 

0,7:PRINT J;OOIDR 7,0 

1770 PRINT 

1790 PRINT "Mass of the ball 

(kilograms) .......................... ";MB(C) 

1810 PRINT "Mass of the pendulum 

(kilograms) ...................... ";MP(C) 

1830 PRINT "Horizontal distance traveled by ball 

(meters) ••••••••• ";X(C) 

Figure 4 (cont.) 

1850 PRINT ·~ertical distance traveled by ball 

(meters) ••••••••••• ";Y(C) 

1870 IF L(C)<l THEN GOTO 490 

1890 PRINT "Your calculation of the ball's initial velocity 

(m/s) ••••••• ";VB(C) 

1910 IF L(C)<2 THEN GOTO 610 

1930 PRINT "Kinetic Energy of the ball before 

collision ••••••••••••• ";KE(C) 

1950 IF L(C)<3 THEN GOTO 690 

1970 PRINT "Height to which ball/pendulum was pushed 

(m) .......... , •• ";H(C) 

1990 IF L(C)<4 THEN GOTO 730 

2010 PRINT "Potential Energy of the ball/pendulum at end of 

trip (J) •• ";PA(C) 

2030 IF L(C)<4 THEN GOTO 830 

2050 PRINT "Kinetic energy of the ball/pendulum after 

collision (J) ••• ";KA(C) 

2070 IF L(C)<5 THEN GOTO 690 

2090 IF MB(C)<>999 THEN GOTO 1570 

2110 PRINT "Final kinetic energy 

(computer) ••••••••••••••••••••••••• "; KAC (C) 

2130 PRINT "Final p:~tential energy 

(computer) ....................... ";PAC(C) 

2150 PRINT "Difference -- computer/user input 

•••••••••••••••••••••• ";DIFF(C) 

2170 GOTO 1570 

2190 PRINT:PRINT "The difference between the Kinetic Energy 

of the ball before the" 

2210 PRINT "collision and the ball/pendulum combination as 

it begins it upward journey is:" 

2230 PRINT ABS(KA(C)-KE(C));"J~les; this represents a 

difference of ";INT(ABS((KA(C)-KE(C))/(KE(C))*lOO));"%" 

2250 PRINT " -- is this acceptable a=rding to theory?" 

2270 GOTO 1570 
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Conclusion and SuiTrnary 

Two prototype programs which may be altered by editing 

with a ...ord-processor ~re presented. The main purpose of 

the first (GRAVITY) was to give students an evaluation of 

the quality of their own data as ~ll a surrrnary of how ~ll 

other people have done with the same procedure or piece of 

apparatus. The instructor is also given the opportunity to 

see how the results ~re for a particular lab-group (the 

rrost recent trials), or for a particular procedure or set-

up. 

The second, BALLPEND, was presented as an example of an 

application where student calculations are evaluated before 

they leave the laboratory. The pedagogical aspects of these 

applications will now be discussed. 

Evaluating Quality of Data 

There is growing acceptance of the view that education 

is a matter of enhancing the learner 1 srestructuring of his 

or her own conceptions of the physical ...orld. Many 

educators believe that the restructuring process is a highly 

personalized one. This author contends that the comp..1ter 

programs presented here assist the students in evaluating 

their own data and thus are an important aspect of any 

educational experience. 

Typically, laboratory students want to know "how they 

are doing"; they want to be assured that their data is of 

sane significance. If the laboratory procedure is not set 

up to encourage "data-checking", many students will blindly 

accept whatever results ~e obtained and then go on to 

either alibi the inappropriate results or alter them so that 

they fall within sane acceptable range. l'bst laboratory 

course structures, at least in introductory physics, do not 

allow students to redo their ...ork after they have reviewed 

it outside of the laboratory; the laboratory is rrostly 

viewed as an opportunity to have a "hands-on" encounter with 

the topics considered in the lecture-portion of the course 

which in rrost instances are collections of loosely-related 

topics. Thus the lecture schedule sets the pace of the 

laboratory experience and the student is not permitted to 

either redo or discuss meaningless experimental results 

acquired in previous sessions. 

Use of a computer programs such as those presented here 

permit, and indeed encourage, data-evaluation which: 

1.) takes place in the same session as that in which 

the ...ork was done; 

2.) includes meaningful information for evaluation of 

data-quality yet requires that the student manip.J

late their own values to determine the result 

required by the instructor; 

3.) is not particularly ego-threatening to the student 

(the instructor will not be informed about any 

individual 1 s "poor" results); 

4.) is "officially" sanctioned (not clandestine). 

Benefits to the Instructor 

Along with the benefits to the student, the instructor 

is able to evaluate the effectiveness of any particular 

laboratory procedure or set of procedures. A review of 

student data for sorre interval (individual lab, day or 

whatever) can yield clues about whether or not the students 

~e prepared for that particular investigation. One can 

also pick up on pieces of apparatus that are not ...orking 

properly and effect a repair before the next group of 

students comes in to ...ork. 

Benefits to the Researcher 

The program easily can be altered to allow the 

retention of separate student data sets as ~ll as the 

acCUJrulated data file (add another disc-write staterrent). A 

researcher can then compare the results of having varied any 

aspect of the course structure like lecture style or 

laboratory procedure. 
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Erroneous Conceptions of Computing Concepts 

Jerome P. Galloway and George W. Bright 

University of Houston 

With the increasing influence of computers on society, 

educators recognize the need for, and the importance of, 

preparing today's youth for a highly computerized future. This 

has created an accompanying need for educating preservice and 

inservice teachers. There has been much debate over the 

content of such computer training (Bowman, 1986; King, 1985}, 

but little seems to be gained by rehashing that debate. In 

Texas, the content is dictated by the definition of the required 

middle/ junior high school computer literacy course: (a) use of 

utility programs (e.g., word processsing), (b) writing simple 

programs, and (c) knowledge of terminology, career options, 

computer history, ethics, etc. 

One concern about requiring computer literacy courses for 

teachers is whether those teachers acquire accurate 

understandings of fundamental computing concepts. There has 

been much research on concepts both in general and in specific 

disciplines such as mathematics (Harrison & Harrison, 1986; 

Quintero, 1986) and science (Osborne & Wittrock, 1983; Posner 

& Gertzog, 1982), but there has been virtually no study of the 

attainment of specific or fundamental computing concepts in 

any computing context other than programming (e.g., duBoulay, 

1986; Pea, 1986; Sleeman, Putnam, Baxter, & Kuspa, 1986). The 

knowledge base derived from programming research is 

insufficient to permit understanding of the more general and 

diversified content of computer literacy courses. 

Because computer technology and software change rapidly, 

specific skills are likely to become quickly obsolete. Too, 

commands and functions vary between software packages and 

between hardware (e.g., keyboard configuration, presence or 

absence of a "mouse"), and even the interactions of hardware 

and software vary. Accurate understanding of computers and 

computing, that is, well developed concepts, is the key to 

staying computer literate in these differing situations. 

Transfer of what is learned to new situations depends on the 

underlying conceptual base. Hence it is important to know the 

nature of this conceptual base and how it develops among 

computer literacy students. 

Which computing concepts warrant immediate study is 

debatable, but some seem very fundamental to computing in 

general and are common across a large variety of computing 

applications. How computing concepts are to be defined or 

explained and what may be accepted as sufficient evidence of 

concept attainment is also at issue. There are many definitions 

of common computing concepts, with differing levels of 

formality and complexity. For example, one definition of 

input/output is "[referring] to having input and output 

capabilities" (Hawaii, 1985, p. 121 ). Such a definition hardly 

begins to unveil the complexity of the input/output concept. If 

a student gave this definition either during an interview or on 



an exam, further inquiry would be needed to verify whether 

s/he actually understood the concept. 

Command is defined as a "request to the computer that is 

executed as soon as it is received" (Hawaii, 1985, p. 126). This 

is an attempt to differentiate command from instructions 

included in a procedure; these are usually referred to as 

statements. A statement is defined as a "single meaningful 

expression or instruction in a high-level language," which does 

not seem restrictive enough. For example, this does not 

differentiate adequately between command and statement and 

does not account for the role of a statement either as a 

systems command, a command entered for immediate 

execution, or a statement in a program. Knowing whether 

computer literacy students acquire understanding of such 

distinctions is an important step in knowing the conceptual 

base teachers take back to their classrooms. Data on such 

knowledge is best obtained through one-on-one interviews with 

computer literacy students. 

In an inquiry study, one expects responses which relate to 

the previous experiences. For example, a seventh grader's 

answer to "What is a computer?" might reflect dimensions of a 

microcomputer or a video game, but a bank president's answer 

might reflect dimensions and applications of a mainframe. 

People bring prior knowledge and experiences to any learning 

situation; that knowledge affects the development of concepts. 

Learning could benefit from teaching which adapts to this prior 

knowledge and makes use of preexisting ideas in the concept 

building process (Osborne & Wittrock, 1983). It is important. 

therefore, to identify those preexisting ideas and experiences. 

There are many areas of needed research in computer 

education: mode of computer use, interaction of computer 

involvement with student characteristics, design of 

instructional materials (Waugh & Currier, 1986), Logo (or 

BASIC) and development of problem solving skills, database 

access and acquisition of research skills, and word processing 

and writing. However, until we know what concepts students 

actually acquire, these interests cannot be adequately 

addressed. 

Study One 

This informal study was an initial attempt to determine 

what concepts preservice teachers had as they exited a 

computer literacy course. The course, required of all juniors 

and seniors at the University of Calgary, had five parts: Logo, 

word processing using Bank Street Writer (BSW), evaluation of 

instructional software, database software, and BASIC. Apple II 

computers were used throughout. 

Subjects 

The subjects were 25 students enrolled in one section of the 

course in spring 1985. All students were under 25 years old. 

Method 

Data were gathered through questions on mid-term (Logo and 

word processing) and final (cumulative, but emphasizing the 

last three sections) examinations. Errors were coded through 

analysis of written responses. 
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Results 

One final exam question exhibited the most obvious 

misconceptions. These data are presented in Figure 1. (See 

attached.) 

Of the 25 students, 13 thought that programs could be 

executed in SSW and 17 thought that a Logo command (other 

than the procedure name) would execute the program 

(procedure) in RAM. Further, 13 thought that POTS would list a 

procedure's commands (as opposed to procedure titles) on the 

screen. These responses indicate potential misunderstanding 

about the fundamental nature and function of commands. Other 

important misunderstandings are seen in the confusion between 

clearing RAM and clearing the screen in BSW and in the failure 

to identify a command for erasing a file in all three settings. 

This may indicate confusion about the nature of a file. 

Perhaps students do not understand how the parts of a 

computer work together or interrelate. That is, they don't 

understand the difference between activating one particular 

part (e.g., clear the screen only) without also activating a 

corresponding part (e.g., clear RAM simultaneously). 

An alternate conclusion is that students do not know where 

information resides within a computer system at any given 

time. For example, the image on the monitor is a "reflection" of 

the information stored in memory, but changing information in 

one location does not automatically cause the information in 

the other location to be changed. 

A mid-term exam question revealed misconceptions about 

programming constructs. These data are presented in Figure 2. 

(See attached.) 

The proportionality errors may be related more to the notion 

of intent of the procedures rather than to misinterpretation of 

particular commands. That is, when most people draw pictures 

of flags on poles, they behave as if the flagpole should be 

proportional to the size of the flag being flown. Indeed, in real 

life this is usually the case. When students interpreted the 

intent of the procedures as drawing flags on poles it may have 

been impossible for them to divorce this intent from the 

operation of the procedures. Pea, Soloway, and Spohrer (1987) 

have characterized this as an intentionality bug and view it as 

a special instance of a more general class of bugs arising out 

of overgeneralization of the conversation metaphor to 

programming. Unlike people, the computer does not behave as 

an informed listener; rather, all details must be made explicit. 

Failure of the subjects to understand the explicitness required 

may point to misconceptions about programs. 

The misinterpretation of the values of the variables may 

relate to misunderstandings of the notions of data. That is, 

failure to identify the difference between the constant and the 

variable in the FLAG procedure and the attempts to keep 

physical limitations constant in the drawings may be symptoms 

of misunderstanding about what information is passed to the 

computer by the procedure call. 

Study Two 

This was a follow-up study designed of conceptual 



understanding. The primary objective was to identify the path 

of development of fundamental computer concepts across 

instruction in the course. The computer literacy course was 

designed for freshmen and sophomores prior to enrolling in the 

teacher preparation program at the University of Houston; it 

had five parts: Logo, word processing, database software, 

spreadsheet software, and BASIC. Apple II computers were 

used throughout. 

Sample 

Subjects were six volunteer interviewees taken from one 

section of the course in summer 1986. This section was taught 

in 21, two-hour sessions over a five-week period; open lab 

time was provided each day and on Saturdays. Each of the 

programming sections took about five sessions, and each of the 

utility program sections took about three sessions. Two other 

students were lost as subjects because they dropped the 

course. All six subjects were female; ages ranged from 22 to 

40, with a median of 31. Previous computer experience 

included none (two subjects), some data entry experience 

(three subjects), and a computer science degree completed 13 

years earlier (one subject). These subjects, then, may 

represent older, and on the average somewhat more 

experienced, persons than are typically found in an 

undergraduate computer literacy course. 

Content Focus of the Study 

Five concepts were selected for study: command, data, file, 

memory, and program. These were selected because of their 

fundamental importance to computing. 

Procedures 

Interviews were scheduled during the first, third, and fifth 

weeks of the course; at these times students were, 

respectively, (a) beginning Logo, (b) working with the database, 

and (c) finishing BASIC. Interviews were not part of the 

instruction of the course and the subjects were told that 

nothing they said would be discussed with their instructor. 

Interviews were open-ended; questions on each of the five 

concepts were written for the opening interview. The second 

and third interviews included some of these questions and 

modifications of others of these questions. Interviews were 

audio taped and transcripts were prepared from these tapes; 

these transcripts were the data for the analysis. 

Results 

Each of the five concepts is dealt with separately. The 

concepts of file, memory, and program are dealt with quite 

explicitly in the course, in each application setting and in each 

programming language. For example, the contents of files 

created and the procedures for creating and deleting files are 

carefully discussed. Command and data are not discussed as 

carefully. Consequently, contrasting these two types of 

concepts illustrates ways students both react to instruction 

and develop or retain concepts on their own. 

Concept: Data. S 1 (that is, subject 1) had no previous 

computer experience. During 11 (that is, interview 1) she 

admitted to not being able to give an example of data, but she 
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guessed that it is "what you get out after you put something in." 

Data is put in manually and is kept in the temporary memory 

and permanently in the disk drive. During 12 she said, "Don't 

know." in response to "What is computer data?" During 13 she 

described data as information or a collection of information. 

As an example, she gave FORWARD 10 (from Logo). When asked 

if that fit her definition of command (i.e., specific instructions 

for the computer to do a certain task), she stated, "that's not a 

command, that's data." A second example of data was values 

(e.g., 75.6) in a spreadsheet. She further explained that in Logo, 

things typed in are data, and system controls like SAVE are 

commands. Later she repeated this notion; "anything you type 

in [in BASIC] is data." 

S2 had used a microcomputer on only one previous occasion. 

During 11 she said that data was information "about" computers. 

It is typed into the computer and kept on a disk. She could not 

give any examples of data. During 12 she explained data as 

information stored on disk. She said that in Logo, data is 

something like a program. In a database, data is the records 

you work with, specifically "the name like John Jones or 

whatever." During 13 she explained data as "something 

important" you have stored. 

S3, S4, and SS each had some experience as computer users. 

During 11 they typically defined data as something typed in and 

stored in memory. During 12 commands from Logo (e.g., 

FORWARD 1 0) were typically given as examples of data. During 

13, data was described as information to be stored or used. 

S6 had completed a computer science degree some 13 years 

earlier but admitted having forgotten much of the information 

she had learned. During 11 she described data as information 

(e.g., names, dates) that comes into the computer from an 

external source (e.g., keyboard, modem) and is stored in 

temporary memory until stored on disk. During 12 her examples 

of data included "lists of [procedure] titles" in Logo and fields 

in a database; but in the word processor "not much is data, 

unless the letter itself is the data." During 13 she described 

data as "extra information to work with." 

In summary, the biggest confusion seemed to be that data is 

what people type into a computer. At one level this is correct, 

but it is far too restrictive. None of the interviewees, for 

example, talked in terms of using data for debugging their 

programs or as values passed to procedures in Logo. Yet all of 

them used data in these ways. During 12 the tendency to 

identify commands as data seemed to peak. More attention 

seems needed to help students distinguish data from 

information. 

Concept: Files. During 11, S1 guessed that a file was a 

back-up copy of a disk, which contains "any information you 

want." During 12 she guessed that a file was the same as a 

program. During 13 her examples of files were PICTURE 

(containing the procedures for drawing the picture required in 

the assignment) in Logo and a set of two or more records in a 

database. 

S2 described a file during 11 as a bunch of organized 



information which is typed in and kept on a disk. During 12 she 

described the contents of a file as information, for example, a 

program in Logo. During 13 her examples were (a) different 

programs in Logo, (b) "the program you've named" in the word 

processor, and (c) a group of related information in the 

database. 

During 11, S3 claimed complete ignorance on the subject. 

During 12 she described a file as something saved on on the 

disk, with data as the contents. During 13 she gave accurate 

examples of files for all applications except database, for 

which a file was "a field." 

S4 described a file during 11 as "where you store your 

information on the diskette. A file is created by initializing a 

diskette." During 12 she described a file as a location in 

computer memory containing "inputs or outputs or variables. • 

The location is in the "RAM or ROM, either." During 13 her 

examples seemed to focus on bits of information; e.g., columns 

of numbers in a spreadsheet. 

During 11, SS said a file was "catalog files, lists of data" 

containing mailing lists, customer purchases, etc. During 12 

she said that a file stores data on a disk. During 13 all of her 

examples of files were accurate. 

S6 said during 11 that a file was a place to store a list of 

information. A file can exist without a disk as long as the 

power is on. During 12 she described a file as a "list of stuff 

like commands." In Logo a file contains commands in a 

procedure. Her examples were accurate during 13. 

In summary, the notion of file seems confused by vagueness 

about location of a file (e.g., RAM or ROM or disk) and what goes 

into a file (e.g., commands, inputs, variables, program). There 

is interference with the notions of a procedure and program and 

there is confusion (perhaps like the set/subset confusion in 

mathematics) between a file and particular types of 

information stored in the file (e.g., field, variables, commands). 

Conceot: Memory. Early in 11, S1 defined memory as "the 

disk drive" and upon explicit questioning reaffirmed her 

position that the disk drive and the memory were the same. 

Further, she stated that the "output from the disk drive is 

permanent" and that the "temporary memory is the central 

processing unit." When asked how long the computer 

remembers what you type, she said "forever." During 12 she 

said that the permanent memory "is in the CPU called ROM" and 

that temporary memory is RAM, but she seemed to have lost the 

relationship of the disk (or disk drive) to the concept of 

memory. By the time of 13 she seemed to have accurate 

concepts of what was temporary and what was permanent, but 

she insisted that the only way to change temporary memory 

was "by editing." 

During 11, S2 stated that the internal memory is only ROM, 

and the external memory is on the disk. She did not know 

whether the disk and the memory were the same, and she did 

not know whether memory changed when a user typed 

something. She seemed to believe that typed information went 

directly to the disk. During 12 she said that "ROM resides 
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within the computer. RAM is just temporary. Don't know where 

RAM is." She did know that typing caused memory to change, 

but she could not explain how long a computer remembered 

something. During 13 she could not explain what was put in 

memory when each application program was started ("I only 

know what I see.") but she did accurately explain how to change 

memory in each case. 

S3 showed a reasonably accurate notion of memory in 11, 

although she identified memory as "in the disk" and wanted to 

equate these two notions "because they tell me to put that 

thing [disk] in before you can run the computer." She 

distinguished between RAM and ROM, and she said that "without 

saving, [the computer] remembers only then; remembers only 

what is shown on screen.· During 12 she was more confident 

that the disk and memory were identical, but she had given up 

the notion that only what is on the screen is remembered. In 

response to a question about what is in memory when an 

application is begun, she said that the turtle and "maybe a 

procedure" were in memory in Logo, that the menus were in 

memory for the utility. programs, and that "whatever may have 

been saved before" was in memory for BASIC. She did seem to 

have accurate procedures for changing temporary memory for 

all five environments. 

S4 displayed only minor inaccuracies in her understanding. 

During 11 she said that "you must keep typing or information 

will be lost; even stepping away tor a while results in 

information loss on the IBM." She had apparently not learned 

about refreshing the screen. During 13 she said that to change 

temporary memory you "just insert the disk." 

SS seemed to confuse the working memory with the disk 

memory as noted by the response of "erase files" during 12 

when asked how to change memory. Too, during 13 the screen 

display was equated with working memory. 

Possibly because of her computer background, S6 had a very 

good notion of memory. However, during 13 in response to the 

question, "Does 'doing a catalog' and looking at the disk 

contents change the memory?" she said, "Yes, because I think of 

memory as being what you are working with at the time. The 

list is what you are working with." 

In summary, memory seems reasonably well learned. There 

are confusions between permanent and temporary memory, 

between memory and disk, and between memory and screen 

display. Generally the subjects improved considerably in their 

understanding of memory and their examples and explanations 

about memory across the course. The generalization by S6 of 

ordinary concepts of memory may need to be exploited. This is 

consistent with the suggestion of Mayer (1982) to use 

conceptual models for teaching programming. 

Concepts: Command and Program. Commands are seen as 

specific instructions for the computer to do something. In 

addition to the tendency for students to subsume commands 

under the concept of data, some students did not want to admit 

that the commands in menus of applications software were 

commands; commands seem to be perceived as needing to be 



more fundamental than menu items. During 13, 82 said that "it 

seems like only Logo has commands [e.g., FD, BK];" she seemed 

unable to apply the textbook definition that she stated. S3 

consistently said that commands are "built in" to the machine 

or the program and come from the disk. 

Program seemed the best understood of the five concepts. 

The only confusion in the comments of the students was that 

the document in a word processing environment or the records 

in a database environment were programs; subject S2 said this 

explicitly and S6 talked about programs and data for programs 

as if they were nearly the same concepts. This reinforces the 

observations in Study One. 

Conclusions 

Most obviously students do have misunderstandings about 

fundamental computing concepts. This should come as no 

surprise to anyone. The data of this study illustrate that the 

computer literacy instruction seemed to put a burden on 

students to generate models of understanding about computing. 

For example, since so little is said in the course about data, 

students must create a generalized notion of what data is; the 

notion that they have created is that of "anything you type in." 

This notion is a consistent generalization of the concept of 

data from other areas such as science and social studies. That 

is, in science experiments students generate data. and in social 

studies they go to the library to gather data. Hence, data is the 

product of their own efforts. In the computer environment 

what they do is type, so their notion of data is reasonably going 

to be "anything I type in." 

Study Three 

The primary goal of this study was to probe further into the 

level of understanding of students enrolled in the same 

computer literacy course in which Study Two was conducted. 

At the time of this study, the course was taught on a Macintosh 

Plus network; the software included Microsoft Logo, Microsoft 

Works, and Microsoft BASIC. 

Sample 

Subjects were all students enrolled in the course in Spring 

1987. Although 57 students completed the pretest, only 27 

(mean age 25.4 years) also completed the posttest. 

(Participation at both stages was required to be voluntary by 

the University's Committee for the Protection of Human 

Subjects.) Similarly, 12 students initially volunteered to be 

interviewed, but only six completed both interviews. All 

interviewees were female; their mean age was 21 .7 years. 

Procedures 

Five concepts were studied: command, data, file, language, 

and program. A 40-item test, given as both a pre- and posttest 

to the course, was developed by one of the experimenters; eight 

items were developed for each of the five concepts. The 40 

items were also classified to measure understanding of 

examples of the concepts (1 0 items), attributes of the concepts 

(14 items), and analogies for the concepts (16 items). 

Each of the six volunteers was interviewed twice; once 

about mid-way through the course (after Logo and word 
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processing instruction) and once at the end of the course. Each 

one-on-one interview began with questions much like those 

used in Study Two, after which the subject was asked to 

perform two hands-on activities with a Macintosh 

microcomputer. In the first interview these were (a) creating 

a Logo procedure to draw a rectangle and then saving and 

retrieving that procedure and (b) editing a letter in the word 

processor used in class. In the second interview these 

activities were (a) creating a database of three names and 

phone numbers, sorting that database alphabetically, and saving 

and loading the records and (b) writing a short BASIC program 

to print one's name 10 times, appropriately numbered 1 to 10. 

All interviews were audio taped, and transcripts were prepared 

from the tapes. 

Results 

Since many of the observations are similar to those 

presented for Study Two, only summaries of the observations in 

the two interviews will be presented. These are organized 

according to the five concepts studied. 

Concept: Language. In 11 (that is, interview 1) the confusion 

about language ranged from a vague sense of its role in writing 

programs and establishing command syntax to clear confusion 

between program and file. (In part this may have been due to 

the "user friendly" nature of the Macintosh environment, but 

that will be discussed in detail later.) Subjects did not offer 

any analogies in their explanations; most comments dealt with 

the function and characteristics of language. Only two 

subjects identified Logo as a language, one subject described 

Logo as a file, and one described it as a program. 

In 12 the same confusions seemed to be present, with only 

two of the six subjects correctly identifying both Logo and 

BASIC as languages. Even these two, however, admitted to not 

knowing the difference between language, program, and file. 

One subject described Logo and BASIC as programs. The best 

description of language was "the type of words you can use." 

All subjects accessed BASIC successfully, but they were not 

all successful at completing the hands-on task. 

Concept: Program. During 11 all subjects seemed to have a 

limited sense of program, though most talked in terms of a list 

of commands. There was confusion, however, between 

application programs and student-generated programs. The 

only analogy offered was that of a typewriter for the word 

processing program. Subjects relied on describing attributes 

of programs, with most of these descriptions referring to Logo 

rather than to the word processing program. 

During 12, program was defined by five of the subjects as a 

set of commands. One of these five acknowledged the potential 

for data to reside in a program. All subjects seemed secure in 

knowing that a program could reside either in the BAM or on a 

disk, but only four were sure that these two things could 

happen simultaneously, acknowledging that programs are copied 

from disk to BAM rather than moved. Applications programs 

were typically defined in terms of their functions rather than 

as programs. Only one subject classified all three types of 



application programs as programs. Although the use of 

analogies in discussing the concept of program was rare, five 

subjects used the typewriter analogy for the word processor. 

One subject compared spreadsheet formulas to algebra 

formulas; one subject stated that there were different kinds of 

formulas, such as "class average, student's average, ... " One 

subject compared the database to the spreadsheet (in terms of 

locations for information), and one other subject compared the 

database to "an address book or an index." In the hands-on 

activities, subjects had great difficulty at creating a simple 

BASIC program (involving a FOR/NEXT loop), indicating poorly 

developed programming skills; indeed only two subjects 

succeeded. 

QQncept: QQmmand. During 11 subjects tended to explain 

basic attributes or functions of commands; there were no 

analogies offered. All subjects characterized commands as 

"telling the computer to do something," and all recognized the 

need for proper syntax. Examples showed confusion between 

commands and data (e.g., FD 20 involves both a command and 

data). Only one subject reported menu items as commands. One 

subject said "commands are used to build programs." Subjects 

seemed to have only small repertoires of commands to use in 

completing the hands-on activities. 

During 12, all subjects again provided a definition like 

"telling the computer to do something." One subject seemed to 

believe that commands could exist "on the screen" as well as in 

RAM and on disk. Subjects showed increased repertoires of 

commands for word processing, possibly because of continued 

use of word processing throughout the course. Four of the six 

had great difficulty with the database activity, apparently 

because of a lack of understanding of the function of the 

commands in the database menus. Subjects also seemed not to 

recognize alternate commands for completing tasks; for 

example, using "SAVE AS ... "to store an updated version of the 

current file, when "SAVE" would have done the same job faster 

and with fewer keystrokes. This lack of flexibility made the 

hands-on activities difficult for subjects. 

QQncept: Data. In 11, subjects seemed to generalize data as 

only information typed in from the keyboard. It was not clear, 

however, whether everything typed in would be classified by 

most subjects as data. Computer generated data, such as error 

messages, were universally not recognized as data. Two 

subjects said data was "information the computer already 

knows." Data was frequently referred to by specialized names; 

for example, numbers, names, and addresses. No analogies were 

offered, though examples of data, like letters for word 

processing, were discussed by the subjects. 

During 12 a variety of definitions were offered, from 

"information" to "what the computer reads in a DATA 

statement" to "what you type in." Again, examples were given 

for specialized types of data, with little acknowledgement of 

any generalized notion. In the context of the database task, 

there seemed to be little confusion about what was the data 

(i.e., the names and phone numbers), possibly because these 

215 



216 
were examples of the more specialized notions. Explanations 

about where data resides (e.g., on disk, in RAM) were vague and 

confused. All subjects agreed that data could be stored on disk 

but only three allowed data to be in RAM. Two subjects 

believed that data could be in the computer with the power off, 

and one other thought data could be on the screen. 

Concept: File. In 11 file was confused both in terms of its 

location and its contents, though four subjects described a file 

as a place for storage. Subjects generally understood that a 

file was moved (rather than copied) when it was loaded into 

RAM. Two subjects thought that files were created when the 

computer was booted. 

During 12 only three subjects could distinguish between (a) 

a file as a location on a disk and (b) the information stored in a 

file. No one was able to clearly explain that different kinds of 

information (e.g., BASIC program, word processing document) 

could be kept in a file. Three subjects stated that a file could 

reside both on a disk and in RAM simultaneously, with one of 

these believing that files exist "on the screen," and two others 

saying that files existed on the network. No analogies were 

offered for file. 

Test Results 

Analyses of covariance (with appropriate pretests as 

covariates) were conducted between the interviewed and 

non-interviewed subjects for the total posttest and for each of 

the post-subtests. Only one of the nine F-values (for the 

subtest on command) was significant; so the interviewees 

appeared to be roughly representative of the entire sample. For 

the complete sample, the differences between posttest and 

pretest scores were significant at the .002 level for the total 

test (pretest mean = 13.4, posttest mean = 23.6) and for each of 

the subscales. This indicates that learning occurred as 

measured by each of these tests. The pretest and posttest 

reliabilities for the total test were .92 and .76, respectively. 

Of the posttest subscale scores for the five concepts, the 

command scale had a noticeable higher mean (6.3) than any of 

the other four scales (with means of 4.1 to 4.7). The examples 

subscale had a higher posttest mean (74%) than either the 

attributes subscale (51%) or the analogies subscale (54%). 

Conclusions 

Subjects made some progress during the course at using 

proper computing terminology, but their ability to clearly 

explain fundamental computing concepts did not seem to 

improve dramatically. On the basis of the interviews, the best 

understood concepts seemed to be command and program, and 

the worst understood concepts seemed to be data and file. This 

ordering is marginally consistent with the results of the tests. 

Discussion 

On the basis of the three studies it seems clear that 

students in computer literacy courses are not developing clear 

understandings of fundamental computing concepts. As 

prospective teachers, the subjects all demonstrated 

misunderstandings that could be easily passed on to their 

students. This was painfully clear during the interviews when 



subjects were asked to verbally explain concepts. Yet, the 

hands-on tasks were generally completed. Computer literacy 

students may be confusing ability to perform a task with 

understanding of the underlying concepts. For people in the real 

world, this distinction may not be important, but for teachers 

it is critical. Teachers need to be able to identify 

misconceptions in their students' thinking so that these 

misconceptions can be corrected. The subjects in these studies 

clearly did not have this capability. 

The experiences in interviewing subjects in Studies Two and 

Three suggest some potentially important differences between 

the two computing environments. The human/machine 

interfaces are quite different for Apple II and Macintosh 

microcomputers. Apple II software generally requires that the 

user interact through control characters typed in at the 

keyboard. Macintosh software generally allows the user to 

interact through the mouse and the pull-down menus that are 

displayed across the top of the screen. This is an important 

difference, since in the Macintosh environment, complete words 

are used in the pull-down menus to identify the functions that 

are to be performed. This provides constant reinforcement, in 

more-or-less natural language, of what is going to be done. 

Too, in the initial menu for a Macintosh disk the files are all 

identified with icons. There is no obvious notational difference 

by which the novice user can distinguish between a file that 

contains a program (like Logo or Works) and a file that contains 

data for a program (like a letter for the word processor). 

Clicking on a data file automatically causes the application 

program to be loaded, followed by the loading of the data file. 

In the Apple II environment, the application program must be 

loaded first, and then a search must be conducted to find the 

data file that is to be loaded. The user must perform both 

steps explicitly. The Macintosh system has the potential for 

creating a conceptual confusion in the user about what the 

difference is between a file containing a program and a file 

containing data for a program. Clicking once on either type of 

icon causes the application program to be loaded. The subjects 

in Study Three did not seem to distinguish between clicking on 

the application program (which they all did to access Logo) and 

clicking on a data file (which they all did to access the letter 

to edit). 

In Study Three, it was also observed in the hands-on 

activities that subjects were not very efficient in their 

sequencing of keystrokes to accomplish some particular task. 

As noted earlier, all subjects used the SAVE AS instead of the 

SAVE command in the FILE menu to save the updated version of 

their current data. Four of the subjects used the CUT and 

PASTE commands to delete individual characters instead of 

simply positioning the cursor and backspacing. Two subjects 

also confused the disk drive with the network in terms of 

identifying where files are stored. All of these confusions 

have the potential for decreasing the usability of computing 

skills for these subjects and consequently for limiting the use 

that these prospective teachers might make of computing 
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power in teaching their future students. That is, if teachers 

believe that computers are not effective and efficient ways to 

learn, then they will be less likely to use computers with their 

students, and the quality of instruction for those students 

might suffer. 

In terms of structuring computer literacy instruction, it 

seems wise to advise teachers to use more analogies to assist 

students in the developing of an accurate underlying conceptual 

base. Our subjects did not "naturally" use analogies in their 

explanations. We speculate that if they had had such analogies 

available, their explanations would have been more accurate 

and the limits of their understanding would have been more 

self-evident. 
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Figure 1 

Final Examination Question (with errors), Study One 

Below are subsets of the commands (listed in alphabelical order) in BASIC, 
Logo, and Bank Street Writer. Identify the commands from each set (if such 
commands exist) that accomplish each task. 

BASIC: DELETE, GOSUB, GOTO, HOME, INPUT, LIST, NEW, PRINT, RUN 

Logo: CLEARSCREEN, ERASE, ERASEFILE, HOME, POTS, PRINT. 
PRINTOUT, TO 

SSW: CLEAR, COPY, DELETE, ERASE, MOVE, PRINT-FINAL, RETRIEVE 

Task BASIC ssw 

a. clear RAM only HOME/NEW 1 blank 4 CLEAR 17 
ERASE 4 
DELETE 1 
PRINT-FINAL 1 

cs 2 

b. clear screen only blank 1 HOME 1 
ERASE 1 

CLEAR 9 
ERASE 6 
DELETE 2 

c. execute the program PRINT 9 PRINT-FINAL 10 
RETRIEVE 3 (procedure) in RAM TO 8 

d. call a subroutine GOTO 1 
LIST 1 

e. list on the screen the . 
the code (commands) 
in RAM 

f. remove a tile from blank 8 
the disk PRINT 1 

TO 17 RETRIEVE 3 
PRINTOUT 1 blank 2 

COPY1 

POTS 13 RETRIEVE 3 
PRINT 3 COPY 1 
TO 1 

blank 2 blank 5 
PRINT 1 ERASE 5 

RETRIEVE 3 
CLEAR 1 

Figure 2 

Mid-term Examination Question and Errors, Study One 

Draw the design generated by the command, FLAGS 1 0. 

TOBOX :SIDE 
REPEAT 4[FD :SIDE AT 90) 

END 

TO FLAG :X 
FD10 
BOX :X 

END 

TOFLAGS :Y 
PU HOMECSPD 
FLAG :Y 
PUHOME 
L T 90 FD 50 AT 90 PD 
FLAG :Y + :Y 
HT 

END 

flagpole errors 
flagpole proportional to flag 
flagpole shortened to accommodate larger flag 
ignore flagpole 

flag errors 
interpret :Y + :Y as :Y 
draw two flags instead of large flag 
interpret :Y + :Y as 12 
draw three flags with poles 

attempted recursion 
orientation errors 

6 

5 
2 

1 
4 
3 
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CONVENTIONAL SCIENCE AND STREET SCIENCE IN THE WEST INDIES 

June George, The University of the West Indies (St. Augustine) 
Joyce Glasgow, The University of the West Indies (Mona) 

Despite the spate of curriculum development in science 

education world-wide in the 1960s and 70s, there is a 

general awareness that 'something else' is needed in 

science classrooms - some change is necessary to promote 

the 1 eve I of I earning and concep tua 1 understanding in 

children for which educators have been searching. 

In keeping with this, over the past decade or so, the 

question of the kinds of background knowledge children 

bring with them to their science classes has been engaging 

the attention of science education researchers world-wide. 

There have been two lines of investigation into the problem. 

That with the longer, more detailed and structured research 

history, has focussed on examining children's understanding 

of specific concepts in science, for exmaple, heat, energy, 

force, plant nutrition. Research groups such as the 

'Children's Learning in Science' group at the Unviersity of 

Leeds and the 'Lear~ing in Science' group at the University 

of Waikato have concentrated on this aspect. Several 

studies have also been described in the literature (see for 

example, Andersson, 1980- boiling point; Tiberghien, 1980-

heat; Viennot, 1980- dynamics; Solomon, 1983 - energy; 

Osborne and Cosgrove, 1983 - change of state of water; 

Aguirre and Erickson, 1984- vector characteristics; Fisher, 

1985- amino acids and translation; Griffiths and Grant, 

1985- food webs; Cros ~ 1986- constituents of matter, 

acids and bases; Terry and Jones, 1986- Newton's third law). 

The second line of investigation has dealt with 

children's background experiences of a d fferent nature. 

Instead of concentrating on specific cunventionill science 

concepts, these attempts in science education research have 

been seeking to document and describe those culturul beliefs 

of children that are likely to influence learning in science. 

The i n tent i s to t r y to g a i n s orne i n s i g h t i n to c h i I d r en ' s 

frame of reference in science. This might elucidate the 

origins of the conceptions brought into the formal school, 

many of which have been revealed by the first line of inves-

t i gat ion. 

Champagne (1986) uses the term ethno-science to refer to 

'~ehaviours and theories that have evolved informally within 

cultures to explain and predict natural phenomena" (p 14), 

and advocates a reconceptualization of science teaching as a 

modification of ethno-science. 

Whether one agrees with this viewpoint or not, it would 

seem that a clearer understanding of these cultural 

influences is needed-

to provide teachers with additional information 

which might help them to better understand the 

children they teach 



to facilitate some predction of what might be 

expected to surface in the classrooms in a 

pa r t i c u 1 a r con t ex t 

to identify concepts in science which children 

might find difficult to understand because of 

conflicting cultural beliefs. 

PURPOSE OF THE STUDY 

The Caribbean nations of Jamaica and Trinidad and 

Tobago, separated by a thousand miles of sea, are both 

former colonies of European powers, with Britain being 

the last colonizer in each case. Jamaica gained indepen

dence on August 6, 1972 and Trinidad and Tobago followed 

on August 31 of the same year. Both countries have a 

legacy of African slavery and the system of East Indian 

indentureship. In addition, there are other groups like 

the Chinese, Jews and Lebanese which have contributed to 

the diverse but similar cultural backgrounds in these 

islands, and to their consequent rich store of folklore. 

One of us (Glasgow 1986) has looked at the question of 

local beliefs in Jamaican fifteen year olds. The thesis 

was to regard a wi I 1 ingness to accept as truth selected 

sayings (against logical evidence to the contrary) as an 

expression of a non-questioning attitude- a stance which 

is the reverse of that encouraged by conventional science. 

No attempt was made in that study to analyse the sample of 

beliefs used for the concepts they contained, but scores on 

the true/false scale used suggested that children were 

highly committed to these beliefs, despite the fact that 

they had all been exposed to three years of an integrated 

science programme. (Total possible score signifying rejec

tion of all sayings= 20; mean= 12.733; S.D.= 4.388; 

N = 643). 

The other author (George 1986a), in describing the 

science-related backgrounds of students in Trinidad and 

Tobago, has attempted to distinguish between 'superstitions' 

and what she refers to as 'street science'. The latter she 

describes as "those social customs and beliefs that deal 

with the same content areas that are dealt with in conven

tional science but which sometimes offer different explana

tions to those offered in conventional science" (p 1). 

Content areas in these cultural beliefs that fal 1 outside 

of the domain of conventional science (e.g. luck, spirits) 

are not regarded as street science, but rather as super-

stitions. In making this distinction, George goes beyond 

the definition of ethno-science given by Champagne (1986) 

where no attempt is made to sub-divide the 'behaviours and 

theories' to which reference is made. 

George (1986b) examined the street science beliefs 

held by a sample of lower ability 15 year old students in 

Trinidad and Tobago (N .. 223), who, like their Jamaican 

counterparts, had all been previously exposed to a three-
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year integrated science programme. She found that on an 

instrument containing 33 street science statements, matched 

with a True/False/Don't Know response scale, more than one 

half of the sample chose the response that is not sanctioned 

by conventional science for 73 per cent of the statements. 

This study was limited to lower ability students so no 

claims can be made on the basis of these results about the 

wider population of students in Trinidad and Tobago. The 

results do indicate, however, that there appears to be a 

high degree of commitment to street science by at least one 

segment of the school population. 

This preliminary work encouraged us to carry out a 

more detailed, though still exploratory investigation 

prompted by several concerns: 

I ) 

2) 

3) 

to gain a deeper knowledge and some understanding of 

the meaning of the beliefs themselves 

to identify probable specific implications of these 

beliefs for science in the classroom 

on a wider scale, eventually to document those 

practiceswhich are advantageous to keep, in the 

face of strong extra-cultural influences for change. 

This paper addresses itself to the first concern, and 

to suggesting a link or bridge with the second by analysing 

a collection of local sayings, to abstract the main 

concepts/principles they contain, and to compare these with 

concepts/principles in conventional science. It is hoped 

that the knowledge gained from this exercise wi 11 give 

clearer insights into the science related ideas which 

children in our society might hold, thereby providing a 

basis for a structured probing of the second concern. 

DOCUMENTING THE BELIEFS 

Through interviews and questionnaires a number of 

local cultural beliefs was collected from a variety of 

sources- from medical personnel, elderly citizens, 

practising small farmers, teachers, school children and 

their parents, science educators, university lecturers 

researching bush medicines and regional creole and oral 

traditions. Both authors also have a wide repertoire of 

these sayings as a result of living and working in several 

areas of these islands. Additionally source documents, 

viz, reports of the regional Caribbean Food and Nutrition 

Institute (CFNI) and the Jamaican Scientific Research 

Counci 1 (SRC) provided further information. These 

institutions have, for many years, recorded beliefs within 

the scope of their concerns (chiefly nutrition). No claims 

for the comprehensiveness of this collection is made by the 

authors since it is recognized that such a claim could 

only be substantiated by several years of study. Neverthe

less, this listing does represent the first attempt in the 

West Indies to document and analyse a sample of these 

sayings as they apply to the study of science. 



ANALYSING THE DATA 

The entire listing, was divided into four categories 

(after George 1986a). 

Category 1 Those following conventional science principles 

e.g. If cooking oil is poured in the water 

when green figs (bananas) are being boiled, 

the green figs will not stain the pot. 

Category 2 Those in which a conventional science explana-

tion seems likely, but is not yet available. 

e.g. 'Vervine (Stachytarpheta jamaicensis) is 

good for wonns'. (This plant is known to have 

pharmacological properties, but appropriate 

usage has not been verified) 

Category 3 Those presenting a distorted view of conven-

t i on a 1 s c i en c e 

Category 4 Those in which there is no conventional 

science evidence to support the claim. 

The beliefs/saying grouped under Categories 3 and 4 

represent the body of street science which will form the 

bases for the analyses in this paper. A combined total of 

198 sayings belonging to these two categories was collected 

- 82 of them existing in Jamaica only, 54 of them existing 

in Trinidad and Tobago only and 62 of them being common to 

both Jamaica and Trinidad and Tobago. 

Content patterns emerging from the raw data suggested 

that sayings could be subsumed under the following topic 

a rea s: 

Animal reproduction 
(excluding man) 

Changes in the physical 
env i ron men t 

Child rearing practices 
and injunctions 

Food andnutrition 

Health 

Household practices 

Human fertility and 
reproduction 

Lunar effects 

Menstruation 

Plant/animal 
behaviour 

Plant growth and 
reproduction 

Pregnancy, birth 
and postnatal care 

Properties of dew 

Temperature changes 

Not surprisingly, the greater number of street science 

beliefs seem to deal with nutrition, health, reproduction 

and child care and food production. These beliefs, it must 

be remembered, have helped to dictate a code of behaviours 

by which a people have survived. 

Abstraction of the main principles from the various 

content areas has revealed that there appear to be four 

main themes running throughout the body of beliefs and 

across content contexts: 

1. The whole system of cause and effect is simple, 

irrmediate and direct. There is no intervention of 

physical and/or physiological processes between the 

two. 

2. Linked also into the cause/effect system seems to be 

the ready transfer of experiences and ideas/explanations 
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across contexts. Experiences with inanimate objects 

are transferred to human beings. Another facet of 

this transfer is the belief that the physical and 

emotional state of human beings can affect productivity 

and form in the biological world. 

). There are no shades of grey in street science. Every

thing is either black or white. Put another way, 

street science generalizes far more readily than 

conventional science. 

4. Special powers/characteristics are attributed to 

particular conditions/objects: 

(a] Femaleness: The female of the species is a 

peculiar being. Thus it is girls who must not 

climb fruit trees; it is the menstruating female 

whose activities are I ikely to end in failure; it 

is the pregnant woman who can improve plant 

productivity. 

[b] The moon: This celestial body is extremely 

important in the scheme of life. It influences 

growth, reproduction and productivity in the 

biological world. 

THE MAIN THEMES 

CAUSE AND EFFECT 

The directness posited in the relationship between 

cause and effect is perhaps the most convnonly observed 

characteristic in the sample of street science analysed. It 

is evident both in those sayings which represent distortions 

of conventional science and in those where the explanations 

offered are different from those of conventional science. 

For example, child rearing and diet injunctions dictate 

that certain behaviours and food have a direct causal 

effect on health, growth and development. This principle 

is reiterated time and again in various sayings. For 

many of these sayings, intervening and explanatory processes 

which could contribute to their interpretation can be 

identified in the conventional science system. 

There seems, for example, to be a basic recognition 

that foods contribute differently in ways which are each 

necessary for the proper metabolic functioning of the body. 

Underlying the 'gain of intelligence' attached to eating 

fish or drinking much milk, is probably the realization 

that these are foods which will help proper development. 

Similarly, the supposedly increased speed with which babies 

acquire facility of speech if 'nightingale soup' is a part 

of the diet, would appear to be based on an appreciation of 

the value of certain foods for infants. These facts would 

in conventional science be explained in tenns of the high 

protein content of animal flesh. 

The code advising on means to enhance virility and 

fertility in the male, suggests a diet with heavy inputs of 

oysters, 'pacro-water', sea (Irish) moss. Again, these are 



high protein foods. On the other hand, there is the admoni

tion that too many acidic drinks wi 11 adversely affect a 

man's reproductive abil ty, a claim that has no base in 

conventional sC:ence. Could it be that the corrosive 

property of citric acid s thought to persist even after 

passage through the digestive system and absorption into 

the b ood stream? 

In a consideration of factors governing weight gain/ 

loss,sayings like 'milk is fattening', and 'eating citrus 

casues weight loss' seem to be indications of a recognition 

of the relative energy value of these foods. Where, how

ever, street science contends that it is the food itself 

which contributes to weight gain or loss, conventional 

science stresses the quantities and energy value of foods 

consumed. 

Again the belief that drinking cocoa/chocolate results 

in rotting of the bones may be explained in conventional 

science by the necessity of calcium for bone formation. 

Cocoa (factory processed) and chocolate (home processed) 

are both prepared from the seeds of the cacao plant, and 

have high concentrations of ethanedioic acid, which would 

tend to take calcium out of circulation in the body by con

verting it to insol ub 1 e ca c i um ethaned i oa te. 

The admonition not to eat 'rice, fresh fish or avocado 

pears' if one wants a wound to heal (they cause 'bad blood'), 

is another example of the direct effect of diet on body 

processes which has surfaced in street science. The term 

'bad blood' is used to mean 'blood lacking in iron', and 

the saying may have some background in the realization that 

forquick nealin9, blood properties should be at a peak. 

Pregnant women are advised to eat plenty of ochroes. 

Cooked ochroes are 'slippery', therefore eating much of 

this food will make delivery easier for the expectant 

mother. 'Too much ice delays the passing of the placenta' 

- the inference here is probably linked with the 'cold' of 

ice. Drinking milk (which is white) makes the baby 'light' 

in co 1 our. In other words, it is postulated in street 

science that the physical characteristics of these foods 

directly affect the process of child birth-interpretations 

which are different from those which would be offered by 

conventional science. 

In all of these cases which deal with diet, no 

cognizance seems to be taken of the processes of digestion 

and assimilation which intervene between eating and any 

effects the components of various foods might have on body 

systems or processes. 

The belief that 1 labour wi 11 be long' unless the 

pregnant woman 'has small portions of food' is probably a 

recognition of the fact that in pregnancy, a careful diet 

is necessary to ensure that the baby does not become too 

large for easy delivery. Again the intervening concept that 

diet affects the size of the child, which in turn may help 
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to determine how difficult a birth is, is missing from the 

street science idiom. 

Illustrations of this direct cause/effect system 

are not confined to diet-related pronouncements. Many 

mammals use the sense of smell in the identification of 

their young, and are to be seen sniffing at their tal Is. 

The s t r e e t s c i en c e w a r n i n g t h a t ' tau c h i n g the t a i I of a 

goat kid will cause the mother to kill it' is probably an 

extension of this convcnLional science principle. The 

directness of the result in street science, however, omits 

the intervening explanation that obliteraLing or confusing 

the scent of the young may cause the mother to reject it 

before it can fend for itself, thus eventually resulting in 

its death. 

On the other hand, the very direct effects of holding 

a guinea pig by its tail ('the eyes will drop out'), and of 

sleeping with moonlight shining on one's face ('the face 

wi II become swollen') are explanations outside the realm of 

conventional science. 

In street science, dew is thought to have therapeutic 

properties. 'Dew gathered from leaves and used to bathe 

sore eyes makes them better'; one is also encouraged to 

put wilting plants in the dew to revive them. In each of 

these injunctions, a link which might explain the effect 

is missing in street science. The formation of dew is 

explained in conventional science as the condensation of 

excess water vapour in the atmosphere. Provided that 

this condensation process occurs on a clean surface, the 

resulting water will be pure. Perhaps it is the soothing 

effect of fairly pure water, free from rri tants, that 

'makes the eyes better'. Similarly, the effect on the 

plant is likely to be due as much to the reduced temperature 

of the air at night, discouraging cuticular transpiration, 

combined with stomatal closure, as to any moisture which 

might be supplied by 'dew'. 

Another example of this direct effect is the belief 

that sudden temperature changes, however mild, adversely 

affect the human body, resulting in illnesses such as 

'colds' and fevers. 'Colds' in street science is an all-

~1bracing term covering symptons of increased mucus secre

tions in the upper respiratory tract. Street science 

acknowledges, with conventional science, that these symptoms 

may sometimes be brought on by temperature changes, as in 

rhinitis. The viral infection which causes the common cold 

is, however, totally missing from the street science idiom. 

TRANSFER OF EXPERIENCES AND EXPLANATIONS 

There are numerous street science admonitions that 

caution about the practices/environmental conditions that 

are likely to cause colds and fevers. Thus, for example, 

one is advised not to bathe after working in the sun, cook-



ing or ironing, until one has 'cooled off'. Implicit in 

these statements is the idea that the temperature of the 

human body can be changed appreciably by an external source 

of heat. As well, the fact that there is usually the admon

ition that one should 'cool off' before being exposeJ Lo .J 

cooler temperature, suggests that it is the difference 

between body temperature and the ambient temperature that 

is thought to be criticaL In this regard, street science 

seems to be tr.Jnsferring the principles th.Jt govern hc.Jt 

flow between inanimate objects and their surroundings to 

human beings in their entirety, without giving any cognizance 

to the principle of homoiothermy. 

Street science does not seem to include the principle 

that latent heat of vaporization is drawn from the human 

skin whenever a cooling effect is felt. Instead, the 

street science principle is that the cooling effect is due 

solely to the lower temperature of the medium in which the 

individual is. Thus, water in a container feels cool (to 

the skin) because it is at a lower temperature than the 

surrounding air and the room in which a fan is blowing 

feels cool because the temperature in the room is lower 

than if there were no fan in it. Here again, it would 

seem that the process of heat flow as it relates to 

inanimate objects and/or poiki lotherms is also being 

applied to human beings. 

The transmission of yield and phenotypic effects to 

plant life as a result of man's physical and emotional 

state or certain modes of behaviour, has no parallel in 

conventional science. The following are examples of some 

of these beliefs. 'Planting yams when one is hungry m.Jkcs 

the tubers hollow'. When tne 'young' plant seeds they will 

not 'bear well', but if a 'lazy man' plants anything it wi 11 

'bear better'. Using the fingers only to plantyams will 

somehow affect the expression of the genes, and the new 

tubers formed 'will be just like the fingers' (from a 

marketing point of view the tubers are better long and 

straight). 

Street science suggests that even after plants have 

reached the reproductive stage, man 1 s behaviours may s t I 11 

affect yield. For example, 'counting or pointing to the 

fruit on a vine will cause them to drop off'. 'A single pod 

should not be picked from an ackee (Biighia sapida) tree; 

the others wi 11 fall off'. 

Another group of beliefs states that a pregnant woman 

should not see or commiserate with deformity, or even have 

unusual cravings for foods, for fear that her child wi 11 be 

deformed. She should not 'look upwards' too often, or 

'drink from a bottle or gourd' or her baby wi 11 be born with 

'cast' (crossed) eyes. There are no 'companions' to these 

ideas in conventional science; but, as with plant form, 

these are non-genetic explanations offered for physical 
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defects in the child. Conventional science now holds that 

the passing on of traits from parent to offspring is deter

mined by the genes. Is there, however, in these street 

science beliefs something reminiscent of the once held 

"scientific" view of the transmission of acquired characters7 

GENERALIZATIONS 

One of the fundamental characteristics of conventional 

science is the necessity for sound evidence to substantiate 

claims. Casual or spasmodic observations are not enough. 

As a consequence, generalizations are made only when partic

ular patterns persist after repeated observations. Even so, 

these generalizations can change with new evidence. These 

stringent criteria do not seem to apply to street science 

and there are many examples of instances where street 

science seems to generalize more readily than conventional 

science. 

Several of the admonitions that contain generalizations 

deal with the natural environment. For example, minor 

earth tremors are a common occurrence in the West Indies, 

but major earthquakes are not at all common. Consequently, 

the existence of a street science statement that attempts 

to describe atmospheric conditions that precede an earth

quate ('if there is a spell of very hot days, an earthquake 

is likely to occur•) indicates that generalizations are 

probably being made on the basis of limited observations. 

On the other hand, conventional science would insist that 

there is no truth whatever in the street science claim. 

Instead, conventional science teaches that whereas the 

frequency of earthquakes in a particular area over a 

specified period of time may be predicted from an analysis 

of earthc;uake patterns in that area, it is almost impossible 

to predict exactly when an earth1uake will occur. 

One popular street science admonition is that all 

mirrors should be covered during thunderstorms to prevent 

lightning bouncing off the mirrors and causing death. The 

generalizations implicit in this admonition may perhaps 

be described best in the form of a syllog sm: 

Lightning looks like light 

Light bounces off plane mirrors 

Therefore lightning can bounce off plane mirrors 

Lightning causes death 

Therefore lightning bouncing off plane mirrors 

wi II cause death. 

The generalizations are clear. Lightning looks like 

light and therefore is like light in all respects. Lightn

ing has caused death in the past and therefore wi II cause 

death in the future- even though the conditions may not 

be the same. 

Insects are particularly abundant and active when the 

moon is shining,according to street science. Conventional 



science contends that there is no proof of this. In fact, 

conventional science claims that nocturnal insects are less 

conspicuous when the moon s full or when it is waxing 

(Kirkpatrick and Simmonds, 1958). Consequently, conventional 

science would dismiss the street science <Ju,nonitions of nol 

cutting bamboos or planting crops when the moon is shining 

(for fear of attack by nsects)as being without substance. 

One wonders though whether the street science beliefs about 

the preponderance of insects at this time are not due to 

the fact that these creatures will be more visible taman 

during periods of moonlight, given the fact that in many 

rural areas where agriculture is practised, there is some

times no electricity. This would explain why the phenomenon 

is linked with moon phases. In any event, street science 

does not seem to have considered any other variables that 

might be operating in this situation. 

The street science theory regarding the formation of 

dew s another example of a willingness to generalize. Dew 

and rain are similar in that they are forms of water. Since 

rain falls, then dew also 'falls'. Thus, one is advised 

to cover babies' heads outdoors after nightfall to prevent 

dew from 'falling' on their heads and causing sickness. 

The belief that'burning land in preparation for 

planting will result in good yields' is perhaps associated 

with the knowledge that ash is a good fertilizer. Street 

science, however, ignores the loss of flora and fauna, the 

soil erosion and consequent loss of nutrients promoted by 

this practice. Perhaps, originally, the practice arose out 

of the necessity to survive- to clear land for food, and 

protect oneself from poisonous/irratating bushes and animals 

by the quickest method. Now it h<Js becone ::1 gcncr.1l pres

cription for productivity. 

Examples of the ways in which street science tends to 

generalize far more readily than conventional science are 

not limited to street science statements that deal with the 

natural environment. Some statements that deal with food 

and nutrition also seem to exemplify this tendency. Thus, 

certain combinations of foods (for example, ripe bananas 

and rum, ripe bananas and butter, cornmeal and rum) are 

thought to be lethal. Could these admonitions have 

resulted because of isolated cases of death after eating 

these combinations of foods without any investigation into 

the other variables that may have been involved? 

Children in these islands are often encouraged to eat 

carrots in abundance to ensure that they have good eyesight. 

Conventional science on the other hand teaches that carotene 

in yellow foods is a precursor of Vitamin A which is needed 

for the effective functioning of certain cells only in the 

eye- the retinal rods which allow for vision in dim light. 

Street science also generalizes by c~uiming that 'food that 

has been kept in the refrigerator is not as nutritious as 

freshly cooked food'. Conventional science is more cautious 
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in stating that the loss in nutrient value of refrigerated 

food depends on factors such as how fresh the food was when 

refrigerated, the temperature at which it is stored, the 

method of storage and the period of refrigeration. 

According to the local beliefs, one shuuiJ nul cal 

certain foods (for example cucumbers, ripe bananas, acid 

fruits) after nightfall, as digesting them will be difficult. 

Again here, street science is generalizing more readily than 

conventional science. According to the latter, whether or 

not one suffers from indigestion after eating certain foods 

(after nightfall or not) wi II depend on individual tolerance 

for these foods. What is not easily digested by one 

individual may present no problems to another. What 

capacity does nightfall~~ have to influence digestion? 

Is this perhaps an oblique reference to the lower basal 

metabolism attendant on sleep, through the association of 

the latter with nightfall, an association which might be 

stronger in a rural agricultural setting? 

Acid fruits come up for further mention in street 

science admonitions to menstruating females. Taken during 

the menstrual period, these fruits are said to cause illness. 

The belief exemplifies, not only the direct effect of food 

on body processes discussed earlier, but perhaps, as well, 

the greater readiness of street science to generalize. 

Whereas conventional science would explain any observed 

illness in menstruating females after eating acid fruits in 

terms of tolerance levels or other variables pertaining to 

the particular situation, street science is quite prescrip

tive in its assertion that these foods wi 11 cause illness 

at this time. 

THE ASCRIPTION OF SPECIAL POWERS/CHARACTERISTICS 

The foci for this theme in the beliefs analysed are 

the female human being and the moon. The moon is portrayed 

as affecting several biological processes. It is thought 

to influence plantgrowth and productivity, the growth of 

hair follicles, the time at which babies are born, and the 

activity and preponderance of nocturnal insects (discussed 

earlier) among other things. 

The fema 1 e human being, is, in very many ins Lances, 

presented in a rather negative light. The state of 'female

ness 1 is described as being almost akin to a curse, 

especially in its association with menstruation. During 

this process, the female is advised not to bathe for fear 

of illness; not to bake cakes, as they will not 'rise'; 

not to pick fruits from trees since the fruits from those 

trees will be 'sour' to the taste in the future. 

Curiously, however, the pregnant woman is regarded 

in an entirely different 1 ight. It would seem that the 

whole aura of pregnancy and everything connected with it, 

are regarded as harbingers of 'plenty', of productivity. 



Should a pregnant woman plant a pumpkin vine or walk over 

one, it will 'bear well'. Planting the umbilical cord under 

a coconut tree ensures its productivity. One can understand 

the association of pregnancy etc. with productivity, but 

one wonders perhaps whether, as suggested by Mi 11 er ( 1986) 

in her resume on environmental education in Jamaica, the 

custom of planting the umbilical cord at the base of a tree 

does not also serve the purpose of conserving the environ

ment both aesthetically, and from the point of view of 

availability of food and maintenance of the oxygen cycle. 

[Incidentally this custom also has cultural connotations of 

identity- "My origins are where my navel string is buried".] 

All of these street science principles that refer to 

the moon or to 'femaleness' represent explanations which 

are completely outside the realm of conventional science. 

CONCLUSION 

From the foregoing consideration of what appear to be 

the main emphases or guiding principles within the body of 

street science knowledge analysed, some tentative 

suggestions as to possible implications for science in the 

classroom may be offered. 

Acculturation in a situation which promulgates the 

syndromes of immediacy and directness in the cause and effect 

system, is likely to make it more difficult for children 

to conceptualize the notion of variables with separate and 

interactive effects -a principle which is central to 

conventional science. Could the difficulty inherent in 

this 'mental switch' be the true basis of the classroom 

question with which science teachers in our society are 

familiar, despite their best efforts, "Miss/Sir what is the 

conclusion?" 

The characteristic tentativeness of science may not 

be easily appreciated where one is accustomed to ready 

generalizations. The importance of keen observation, and 

the repetitiveness needed to establish the credibility of 

empirical evidence are perceptions which might not at all 

come easily to the child. In any case, no 'observations' 

are value-free. 

The abi 1 i ty to transfer ideas across contexts would be 

advantageous in the classroom if the rules governing the 

situations in which the transfer is valid are known and 

understood. A conflict is likely to arise, however, for 

students with a West Indian street science background, in 

that either these rules do not exist, or else they are not 

made explicit. 

Ascribing special powers to chosen objects/conditions 

is not the preserve of street science. This is a style of 

thinking which would be reinforced in the tenets of faith 

in any religion- and ours is a very religious society. 

Could this manifest itself in a reluctance to adopt the 
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questioning stance espoused in the value system of conven-

tiona! western-style science? Is this one of the sources of 

the inability of many students to formulate working 

hypotheses 7 

What we arc saying is that a system advancing direct 

effects, ready generalizations and acceptance reflects an 

entirely different, and sometimes contrary (though not to be 

regarded as necessarily wrong) set of values to one in 

which the interaction of variables, tentativeness and a 

questioning attitude are points of stress. Further, this 

fact has to be recognized in the way classroom science is 

approached in our cultural context. 
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Vee diagramming (see Figure 2) is a way to represent the 

dozen or so major epistemic elements arrayed around a Vee. 

Most scientists and mathematicians recognize the relevance of 

epistemic elements such as "theory,• "concept," "event/ 

object," "fact," and "knowledge claim." Students (and their 

teachers) can be taught in a brief period of time to name 

these epistemic elements and to see the connections between 

elements. Students, then, begin to conceive the structure of 

knowledge (structure elements and their relations to each 

other). Misconceptions can be located at the connections 

between epistemic elements It is a faulty relation between 

pieces of the structure of knowledge that permits misconcep

tions to persist so strongly. The remedy then is to help 

both teachers and students to reconstruct prior knowledge. 

The Vee diagram analysis technic helps learners to move 

between elements--up and down, across, and between elements. 

This process of reconstruction of claims to knowledge is a 

primary learning process. 

To educate, in my view, is to change the meaning of 

experience. Can we do it? Is educational reform possible? 

Yes, we £An change and reduce misconceptions. 

The most recent evidence of change in science educating I 

have read is a Ph.D. dissertation study 1 completed at Cornell 

July, 1987 by John Feldsine. (Cf. Proceedings paper.) He 

started out here in 1980. He was and still is a chemistry 

teacher of General Chemistry's first semester course at 

community college level. He focused only on introducing 

concept mapping to his students of chemistry. Seven years 

later he is still using the technics and teaching chemistry. 

For this paper the significant facts show how he migrated 

into teaching most of the other elements on the Vee diagram. 

In several cases his students were self-empowered to correct 

their scientific misconceptions. Such empowerment, to the 

point of self-educating, is, for me, as stated in my book, 

Educatin&, the ~ of education. Feldsine successfully 

managed to help make truly educative events happen in his 

chemistry classes. His practices--both of educating and 

doing research on educating--were governed by the same set of 

congruent theories. Thus, my first major point is to suggest 

that theories of educating supply practical solutions to the 

multiple problems of misconceptions in science and mathema

tics. New practices, and new concepts, come from new 

thinking theory stimulates. 

In mathematics I will cite the study of Karoline 

Fuata'i.2 She taught the Vee heuristic to Form Five (grade 

eleven) students in Western Samoa (education there is 

governed through New Zealand by the British colonial model). 

Karoline was able to introduce Vee diagram analysis to two of 

her classes, and to get these students to use these ideas. 

At the end of one semester, her students using these new 

ideas were able to solve novel problems in mathematics. Her 

other students could not. I cannot give here the whole 

story, but one major and common misconception about secondary 

math states that there is one correct procedure and one right 

answer. Students who get math this way cannot solve novel 

problems. The one right answer syndrome is a misconception. 

There are many ways to solve math problems. 

My second major point is to suggest that educational 

epistemology also supplies solutions to problems. By under

standing the structure of knowledge of subject matters 

(mathematics, chemistry), students, teachers, and researchers 
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have a mode of knowing that helps reduce misconceptions. Put 

differently, educational epistemology is an important key to 

a complex and daunting array of seemingly separate problems 

of misconceptions. See the Proceedings 187 papers. 3 

Educational epistemology is not sufficient, however. We 

need to coordinate it with theories of educating and to bring 

in explicitly Principles of Educating. I organize principles 

into the four commonplaces: teaching, learning, curriculum, 

and governance. Or, as I have started to label it: TLC plus 

G. (If you are an administrator, you might prefer G+TLC.) 

The first principle states that all four of these common

places must be considered together. No good reform of either 

educating or schooling will occur by just researching o~e of 

these four. For example, the psychological scientific 

studies of learning tell us almost nothing about teaching, 

curriculum, or governance. The 100-year search for 

scientific laws of human learning is an elaborate and complex 

history of failure. There are no laws of learning of the 

sort found in thermodynamics (say, the important second law). 

I generalize from this history of failure in social science 

research to say that I believe the natural science model of 

research is a poor choice for social and educational 

research. 

Here, then, is another misconception, located in the 

philosophy of science. It is easy to see but difficult to 

change the fact that science and math professors and other 

teachers who use the dominant epistemology model of their 

subject matter to study educating are going to fail to find 

out much about educating. Our studies of the structure of 

knowledge of educational research give us evidence of what is 

wrong· and a key to needed changes. Here the key is to pay 

attention first of all to events of educating themselves. We 

begin with educative events of TLC+G. Not with Science. Or 

Math. Nor the Epistemologies or Philosophies of Science or 

Mathematics. 

To the extent you can accept this starting point, then 

the next step is to take a look at some Principles of Educa· 

ting. I look at some issues with the help of a new study by 

educational historian David K. Cohen. 4 Professor Cohen of 

Michigan State University has not published this work yet, 

but a book is forthcoming. I interpret Professor Cohen's 

historical analysis as a study of change. His study 

contrasts the conventional, perduring, unchanging patterns of 

schooling (from 19th century to date] with the ad hoc 

patterns of reform efforts. Most reforms fail. Most reforms 

in our field fail to change much. In Figure l, I present a 

table partly inspired by Cohen's work, and based on our years 

of study here at Cornell. 

Conventional (80%) 

Teaching: 
Teaching is Telling. 

Learning: 
Learner is obedient. 
Learner will learn 
what is taught. 

Curriculum: 
Given. Fixed. 

Governance: 
Make system work to 
serve the system. 

Constructivist (20%) 

Teaching is achieving shared 
meaning. Negotiating meaning 
to congruence. 

Learner responsible. 
Learning is idiosyncratic. 

Emergent, constructed. 

Make system serve people. 
(Foxfire is an example of 
reform within the system.) 

Figure 1. Contrasting Views of Practices in Education. 

I realize, of course, these simple sentences serve only 

to sketch a contrast. They do not explain why these two 

patterns exist. It is my generalization (not Cohen's) that 

80% of the time 80% of our schooling practices are the 

conventional ones. But this generalization should surprise 

no one. Indeed, it is almost a tautology the conventional 



is conventional. Custom is customary. The dominant 

dominates. The schooling system systematizes. I feel 

somewhat in the position of a man (or woman) who suddenly 

perceives patriarchy as dominant. Or perhaps a genius 

dolphin perceiving water The familiar surround is difficult 

to perceive; we just live it. The conventional is dominant. 

Can we change? Is reform even possible? Will miscon

ceptions about educating persist as dominantly as those about 

science and mathematics? I am an optimist. I must be an 

optimist to be an educator: I believe events change, and I 

can help them change for the better. In Part II I will 

discuss~. ~ it is that changes, ~ to change 

misconceptions, and what principles of educating we can use 

to make constructive reform in schooling and educating. 

&'art II 

Vee diagramming is a way to represent the dozen or so 

major epistemic elements arrayed around a Vee. Most 

scientists and mathematicians recognize the relevance of 

epistemic elements such as "theory,• "method," "concept," 

"event/object," "fact," and "knowledge claim." Students (and 

their teachers) can be taught in a brief period of time to 

name these epistemic elements and to see the connections 

between elements. 

Figure 2 shows an array of epistemic elements. One thing 

to note is the mult'iple interrelations possible. Another 

thing is to imagine these elements occupy different spaces in 

intellectual structure. Further, some elements change much 

more quickly, easily, and frequently than other elements. 

Finally, it is important to note that the construction of 

relations between concepts-events-facts is the priority 

construction. If these connections are not well woven 

together, the further elaborations at higher levels on the 

Vee are very likely to be spurious. 

/":t~ 
:je!:bod Side Conceptual Sjlle 

lJorld View Value Claims 

\ I 
Philosophy 

\ 
Theory 

\ 
Principle 

\ 
Conceptual Structure 

\ 
Concepts (as signifying 

regularities 
objects) 

active 
interplay 

Knowledge Clai~s 
Interpretations, 

Explanations. 
Generalizations 

I 
Methodological 

Transformations 

l 
Data (facts transformed) 

l 
Records~of~events 

(facts) 

Figure 2 The Vee Heuristic as a Representation of the Structure 
of Kno~led,e· A Dozen Epistemic Elements. 

The Vee diagram heuristic has served very well as an 

heuristic. It has helped us disattach from accepted beliefs, 

to attach imaginatively to a set of separate new ideas, and 

to reattach to phenomena of educating. It has helped us 

"think otherwise." Somewhere in Educatinr;S I write that any 

heuristic is a crutch--helpful in doing things you normally 

cannot do. Further, once you learn how to do these new, non

normal activities, you can look forward to discarding the 

crutch. In my intellectual progress, I am getting to that 

point! Of discarding the heuristic. I am now confident that 

Vee diagram analysis is a real mode of work. It is as 

reliable and valid as any instrument of educational inquiry. 

Its meta-knowledge is real knowledge. I am happy to support 

Jerome Bruner's advice given to an overflow audience (1985) 

of AERA researchers: "Go Meta I!" The Vee diagram presents 

meta-knowledge, i.e., knowledge about knowledge. 

Figure 3 shows another version of the Vee diagram. This 

version was done by Bernardo Buchweitz6 for his Cornell PhD 

dissertation in physics education. Professor Walter Wesley, 

also a physics teacher, uses this version in his paper 
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CONCEPTUAL DOMAIN METHODOLOGICAL DOMAIN 

\ I 
PHILOSOPHY 

"' '"'"'" 0""""' 
-~ ~~~ 

mou\~ '""'"••• ., ________ \ 

.. 

VALUE CLAIMS 

KEY CONCEPTS KNOWLEDGE CLAIM 

~ 

EVENTS 

Figure 3. The epJ•telftOI<t<Jlc.:.l v.,e. Some p<~rts and relallonshq>~ 
among the parte of the •tructur• of knowledge (a!trr 
Gowin, 1981). 

published in these Proceedin&s. This diagram puts labels on 

the lines connecting epistemic elements, very much as we do 

with concept maps to connect concepts. It is a good Vee to 

use to introduce naive students to the idea that knowledge 

has structure and that the elements of knowledge structure 

have specific tests. For example, the test for "theory," 

coherence, is not the same test as the test for "method," 

following a procedure reliably. The idea that facts are 

records of events requires us to judge that (a) events did 

occur, (b) records were made, and (c) records made are indeed 

the records of events they purport to be (one meaning of 

objectivity). 

Epistemology and Locating Misconceptions 

Using the Vee diagrams, students can begin to conceive 

the structure of knowledge (structure elements and their 

relations to each other). Misconceptions can be located at 

the connections between epistemic elements. It is a faulty 

relation between pieces of the structure of knowledge that 

permits misconceptions to persist so strongly. The remedy 

then is to help both teachers and students to reconstruct 

prior knowledge. The Vee diagram analysis technic helps 

learners to move between elements--up and down, across, and 

between elements. This process of reconstruction of claims 

to knowledge is a primary learning process. 

From Epistemology to Learning 

Knowing that results in knowledge is a special kind of 

learning. Knowing and learning are related, but they are not 

the same thing. I present here one attempt to show relations 

of the epistemological Vee to the learning Vee. 7 

The Learning V 

Th~ main activity uf learning as an ~ventful process is that ol 
r~organization. The active reorganization of grasped meaninK 
involves us in a large number of different actions of integrating 
and differentiating. Let us place this activity on the learning V 
(cf. Figure 4). 

The learning V shows us a way to use what we know abouc 
epistemological elements to think about what often are taken to 
be psychological elements. Caveats are necessary. Whatever tht· 
relation between the epistemological and the psychological is, il 
is not a reduction-that is, we are not reducing knowing to learn
ing. At the same time we recognize that knowledge is con
structed by people, it should not surprise us to find a relation 
between knowing and learning. furthermore, and perhaps mos1 
important philosophically. knowledge is not the sum total ol 
experience. Most twentieth-century philosophers, in contrast to 
classical philosophers, accept the point that knowledge is only ~ 
pan (and a small part) of human experience. Perhaps the rise ol 
scientific knowledge has helped philosophers accept the dif
ference between knowledge and experience. There is mud1 
more in experience than knowledge, and knowing that results in 
knm.-ledge captures onlv a small pan of even known experienc~. 
Knowledge is always limited. partial, incomplete ••••••••• 



• • • • • • • • • A. final warning calls to mind the miseducatiH· 
workmgs of indoctrination. wnditioning, socialization, and the 
like. What is learned under these miseducative conditions ts nol 
what I mean by learnmg. 

Learning here is nested in the context of educating. !"xamine 
Figure 4. :-.iote that the main arms of the V are related fw the 
.n ti' tlle.s ot <fUestionmg and the anivities of answenng. (,Jues· 
uoning, like most of the verbs on the conceptual s1de of the V. 
works to separate things. Questioning is initially disorganizing: 11 

umettk' lixed and stable claims. Perhaps we have here a reason 
whv much of schooling pracuce has no genuine questioning in H. 
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(Recently a teacher was overheard to announce: "When I want 
vour·questions, I'll give them to you. Questioning, imagining, 
speculating, criticizing, philosophizing, thinking are all wavs of 
separating things so recombining can occur. These actions pull 
things.apart so they can be put back together in a different and 
more satisfactory and satisfying way. Answering, as indicated by 
the verbs on the right side of the V, works to organize claims in a 
definite and stable way. Much of school practice consists of giv
.ng delinite. almost concrete answers. Perhaps boredom sets in 
as answers are given to questions that were never asked. The 
activities of recording, transforming, and claiming are wavs of 
establishing answers. When the connection is made between a 
good question and its appropriate answer. we believe learning is 
possible. 

Another PhD dissertation study,B done by 'Laine Gurley 

(Dilger), makes the vital connection between active learning 

and responsibility. In a year long high school biology 

course, students instructed in use of Vee diagrams were found 

to be "on task" in labs upwards of 90-95% of the time, 

compared to 40-45% of "on task" behavior of non-Vee 

instructed pupils. Follow-up interviews showed evidence that 

Vee-instructed students felt more responsible toward their 

own learning than they had felt before; the Vee empowered 

them to take charge of their learning. Many more of these 

school uses are reported in Learning How To Learn. 9 

Principles of Educating: "Go Educating!!" 

In the same spirit of Bruner's conceptual commitment to 

"Go Meta," I advise: "Go Educating!" Much evidence exists 

of the validity of claims put forth in Educating. Not all of 

the claims have been tested, so more work is needed. But 

some claims have multiple sources of support. 

Concept maps and Vee diagram analysis ~ be taught and 

learned from first grade on to professors with tenure. It is 

enormously gratifying to me to see senior professors, such as 

Feldsine and ~.falter l.Tesley "come alive" again when they get 

afresh the idea of making educative events happen. These 

people change their minds and their work changes. Here is 

energy for educative reform. Further we continue to get 

evidence of the creative intellectual power of children.lO 

Disaster develops somewhere between ninth grade and college 

seniors. 

In all of our studies where we have asked the question we 

find much evidence of the educative value of relating, in a 

deliberate and explicit way, thinking, feeling and acting. 

We can get at thinking through concept maps. Feeling we can 

get at through interview, and through video-stimulated recall 

tapes,ll and through written materials students give us about 

these matters. Then I see the release of energy aroused, 

channelled, focused, and relished. It is a good thing for 

human beings to work at the integration of thinking, feeling 
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and acting. Acting is behavior governed by meaning. When 

teachers and students understand meaning, and changing the 

meaning of human experience, then their acting is informed. 

They take charge and they learn to trust their own 

experiencing. 

Governance 

The ethos of classroom, lab, studio, field work, etc. 

should be toward shared meaning, toward mutual accommodation, 

toward that secure cooperation that achieves shared purposes. 

When this ethos is working, then the need for external 

governance diminishes markedly. For example, a whole change 

in the quality of educative human experience comes about when 

we change our mind about teachers causing learning. Teachers 

cause teaching; and learners cause learning. Teachers do not 

cause learning. Learners must first choose to learn. ~ 

choice comes before any resolute "deterministic" effects. 

Here is another place where educational epistemology recon

structs the meaning of old philosophic issues of choice and 

determinism. 

And I might add I see a failure in recent works on the 

ethics of teaching and administration that attempt simply to 

apply philosophic treatments of ethics to educational events. 

The failure comes from the starting point. We should start 

with educative events, and then see which is and is not the 

ethics in these events. Utilitarianism and Deontological 

positions in ethics as treated by professional philosophers 

cannot be just applied (like a coat of paint) to education. 

We have to work it through case by case. Kohlberg's work is 

the classic case of failure. 

Empowering Teachers and Students 

Educative Episodes: Plateau One. 

What did I do to empower John and Karoline? What do I 

mean by "empowerment"? 

I realize now that slowly the term "empowerment" is 

coming into more frequent use. As its use spreads so 

ambiguity will develop because language is creative and 

meaning changes ubiquitously. 

(a) I believe my first concern is to help students and teach

ers to ~ their own experience. I try to validate 

their own prior knowledge. I try to get them to "put 

something on the table" so we can begin to negotiate and 

share meaning. 

(b) Next, I give them something to QQ. Right away. They 

make concept maps of something in their experience that 

they~ very well. Their prior knowledge gets ex

pressed through concept maps. Gowin's Vee is like a 

large concept map of epistemology. They begin to learn 

new ideas through using them heuristically in their own 

fields. Having something new to QQ underlines the 

importance of making ~ happen. The concept map 

technic not only is something new to do, it validates the 

students' knowledge and gives them a new power over their 

own minds. Sometimes this experience is marked by feel

ing frustrated and agonizing over inadequacies. But it 

always helps to put the shoe on the other foot--to help 

them realize they have power over their own learning-

indeed, no one else can learn for them The teachers do 

not cause their learning. This insight usually releases 

energy and results in great diversity of student 

responses. Gradually we all begin to realize we each 

organize our conceptual images differently. Perhaps we 

realize it is because of our past that we each and all 

have largely idiosyncratic experiences. Learning and 

knowing that are truly ours are different from other per· 

sons, but these differences can readily be shared through 

language and educating. Such diversity is to be prized. 

Experience can be shared, and that makes educating 

possible. 

(c) Learning about learning takes time. All learning takes 

time. And the time it takes is different for all 

learners. Time is a tyranny in most organized schooling 



practices. Usually time is used to control effort 

directly rather than to control meaning that controls 

efforts. (Cf. Educating, Chapter 6, "Governance.") 

By making these claims I begin to share with my students 

a subtle insight that perhaps they can control the schooling 

system by controlling how they spend their own precious time. 

Plateau One just described above is usually reached by 

about the first third of whatever time I have. 

(2) Plateau Two requires students to become competent in Vee 

Diagram analysis They analyze other people's works. I 

usually ask them to go after the major authorities in 

their field. They analyze research papers, books, text

books, position papers, state-of-the-art declarations, 

philosophies of the discipline. Empowerment results when 

they come to understand how fallible and limited expert 

authority is. Experts disagree. Each teacher must 

construct their own curriculum and become their own 

authority. One among many, but still one. 

(3) Plateau three begins when students initiate their own 

research. As they complete this research, they realize 

their own self-educating My job is done when theirs is 

under their own power. What I am able to achieve ~my 

students, I expect them to see they can also achieve ~ 

their students. Teacher-student interviews, audio and 

video taping are highly recommended techniques, something 

to do that makes records of new events. These records 

can be studied together by teachers and students. And 

gradually an educational Vee, a structure of knowledge 

about educative events, is constructed. As events change 

in the future, these Vees will also change! Educative 

events are eventful. 

Part III. Concluding Cgmroents. 

A worried professional asked me recently, in a despairing 

tone, "But, where do you bite the elephant?" Isn't the 

problem just too big, aren't required changes too many? The 

resources too few? The thought of schooling as a lumbering, 

intelligent elephant being bitten hard enough by a 

Philosophical Gadfly to change direction seems ludicrous at 

first. My response, however, shows the optimist: make 

changes where you~ something. Reform knowledge is local. 

Reform can occur in each of the four commonplaces. 

Teaching. 

(1) Change our minds. Change from Conventional to 

Constructivist. 

Learning. 

Change our concepts. Go Meta! 

Change from reductive simplicities to the set of 

simplifying assumptions of TLC+G .. 

(2) Teach students to learn about learning. Promote 

Thinking, Feeling and Acting: ~ leave out 

feelings! 

Curriculum. 

(3) Change the Curriculum. Use structure of knowledge, 

Educational Epistemology, Vee diagram analysis. 

Construct textbooks and syllabi and lab manuals so 

these show levels of intellectual space, so they 

become more conceptually coherent and assessible to 

students. Don't leave out Value claims. 

Governance. 

(4) Change system to serve people. Show how organiza

tions can learn. 

Mark Twain (of Elmira, New York fame) wrote "nothing so 

much needs reforming as other people's attitudes." Perhaps 

our own attitudes can change as well. I know mine have over 

the years. My optimism is tolerable when I remember the 

80%/20% split. I believe it is reasonable to claim that 

education reform is realizable when powered by a comprehen

sive, albeit complex, constructivist point of view. 
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~rtiON.S IN SCIENCE & MATHEMATICS 

.~J.-~~):1 From Britain 

W.E. H~rtfree 

The mis~or1centions ir1 scier1ce arad na~the1ontics are 
many lind vlirled, lind any naper "bout these'""' do little ••are 
than scrare the surflice, so tho:;e ment toned hereunder Cliii be but 
only a sample of the ••are coo"non ones. 

~'lrstly, we need to dlfferenlliite betweell the ••is
concertlons of adults and children, although so•no ""sconcepttons 
do exist among both grours. .~ll examnl e of this is a term 1 iKe 
tratlsi star. To both 11dul t "''d child 111 ik:e, rt tr~nst star ca,, be 
anythiug from " comrlete r11dio or record reoroducer, to " mysterious 
device used iu electronics or eve" 11 complete cr1lp. Adults hlive tt•e 
1oiscouceotlon thR.t trlinsistors we'ir out - and use lhe teril, often 
related to the device- 'the tr!lllsistor has goHe'. This is, of course, 
entirely false- provided they 11re operated witniu tl1eir desigued 
lim1ts, transistors will last for ever, and lt is only wneu tt1ey a.re 
O'rerrutl that the resulting heat destroys thern, the most frequeut 
cause of failure being due to" ca.racitor failing elsewnere. Adults 
also think that transistors are delicate, wnereas they are extrewely 
robust. ::>!nee ll''lllSistors are relallveiy new to society - they were 
not discal'ered until 1':)48- these are misconceptions that r.an,Jot t1ave 
e>;lsted before thR.t time. Where theu does the miscoucert ion of"igiw•te? 
Radio and electrouic e']uinllent was designed around tn~ therw!ouic 
valve, or what Allericans r.llll more ac•:urately the YlirUUII tube. Why 
did early rlidio litld eler.tron!r engineers c11U them Vlilves'! Fle~liugs 
valve was iuventen in 1Yu4, 1wd the device allowed current to flow 
in one direction only, and eveutu11lly, when the third electrode was 
added, the r.urreut flow could be r.ontrolled. It is nar·dly surprlstug 
theu that the ter111 l'alve can1e into use - since tllls is exactly what 
l'alves do - they coutrol flow. The f11ct that the del'ice would ouly 
ooerate itl a hard l'acuua• was completely ignored, so ooviously a sound 
case can be made out for calling the"' vR.ruum tubes, but is this as 
sound as lt aopears? The term l'acuum tube does not tell us what the 
del'ice does. Now valves and var.uum tubes are delicate, siuce the 
llethod Of Operation is to hR.Ve 1i red hot wire filament !u a Vfi.CUUm, 
This necessitated surrounding the device by a glflss envelope, -
later metal - easily orol<en, When the traAlsistor IMde its first 
appearance- they were equ11ted fltth vlllves- after all, to the layman 
they did the s11me tning, physicists au<J electronic e.1gineers will Know 
th11.t there was little [., r.ommon betweeu enrly trausistors and vacuum 
tubes. Valves buru out because tne ftlament brea.i<s, - they wear out 
because the electron emitting substauce- the strontiuw oxide layer 
on the filament bec011es completely vapourised or harde .. a so that its 
surface does not emit electrons. "'he common term used was 'the valve 
has gone'. Is it so surnrising then that this was carried on into 
the trAnsistor age? These terms or :oayit:gs had beeu in com•non use 
for 2';) ye11.rs or more, aud had become part of the 1 anguage. 

Scientists sear~h for the truth, llJid techuologists use 
sctence to soll'e oroolems, but in the p11.st, once haviug solved the 
problem or discovered the truth, little was done to disseminlite the 
discol'eries outside their own drcle. ::Jcientists R.nd technologist~> 
are renowned roar comw.uni<:~ttors. In Britain, one h~ts only to visit 
the local doctor and 11'llK awRy with his nrescrirt! on to tile pharmacist, 
or fiB the Antericll.ns say - the rtrug store, for the nroof of tnis. 

It ts a wonder that many c11tastronhic errors are not made, since 
most presr-rintions hR..Ve the R.nneR.rance of being illegible. Does 
the nh~trm~tcist guess what is re']uired by r.lllling au his l.nn.euse 
~nowledge of phllfln'lr.y or not? What is not Knowtl is how often the 
oharmarist contllcts the doctor. uoes he do this whell he tells the 
r~cipient to call DR.cK in say hR.lf an hour, when perhlips he should 
say, • I cannot read this'? 

In EnglneeriHg & Technology is this lack of commuuicatiou 
del !berate, lind is it a 'carry over' from the Victoria11 eugiueers? 
;:!rune! certainly exrressed the oo!nlon that he was the engiueer, a11d 
that t1e dtd not want his drivers on the G.W.i1. to be Knowledgeable 
of engineering, least they thought that they could maKe " better job 
of adjusting his locomotives th11n he raul d. This certRiuly percolated 
down through tt1e Victorian and Edwardilin periods among tt1e railway 
engineers siuce Dugalrt Drumlllond exnressed exactly the sa~e sentiments 
in 1':)1?, and HirhR.rd Mliunsell reiternted the same sontiments to some 
:ocomotive dr·iver·s liS l11.te liS 193~. .~ century of this doctrl11e must 
hlive ber.ome ingrained in our society. The problem is, how do we 
overcome it? Do we hlive a parallel case with the Nuclear Power Industry? 
~tomic power stR.tions hlive been oneratlng in Hrltaln since 1~~6. 
Little effort was n1ade to educate the masses on the adyautages of the 
generation of electricity uslllfj nuclear fuels. It does aprear once 
again thR.t the 1n>1sses qre beln" mis!r.formed, lilld little is being done 
to redress the balance. In fact, it took: a near d'saster at Chernobyl 
~n the Soviet Union for anything to be done at all, aud it is only 
since tnat ti11e that liny real effort has been made to correct the 
false concerts of the dllngers of the nudeR.r power industry. .~11 
too often c11ses are rrese .. ted as negative ones rather than positll'e 
ones, and little is done about it. '!'he 6 mile island incident was 
disolayed l'ery prominently in Britain as an exllJople of why we should 
not build high pressure water reactors, lii1d when it was put to the 
anti nuclear looby th'lt no accident anc.allJ ocurred, tney quite glibly 
Sliid 'but thitllt at' what could have haopened. As far as I "m aware, 
the couuter argument, thR.t there w"-S sufficient control to ayert a 
disaster, and this ~antral was put into effect, was never put -
certatuly not on the Hritlsh side of the Atlllutic, aud this is where 
the people who are Knowledgeable are do lug the whole r.ommuni ty a great 
dissel'vice. 

This perhaps begs the question - lJO engineers and 
Technologists actually eur.ourage this lack of cot•municatlon - i.e. 
ls it deliberate? As a result we do h~ve ll real problem worldwide. 
'!'he disad'rantages of the generR.tioll of electricity by usi.tg nuclear 
fuels, are the subJect of world wide orotestatiotJs oy particular 
pt·essure groups- oftell referred to ets the liiJti nuclear lobby. These 
grours are often mist~Kenly referred to as tne nuclear disarillers. 
It is uot the ,,uclear d!S'lrmers to which I refer, out the "''ti nuclear 
campaign - i.e. no nuclear energy. As far as I am awlire, there are no 
org~Jisatlons existing wnich say we snould build nuclear power stations 
to prevent the disr.harge of lacge volumes of sulphur dioJtide into the 
atmosnhere to prevent acidic rain. They do protest about acidic rain 
aud the deslructiou of trees iu Norway, but tney uo not suggest that 
the coal ftred ourning power stations should be replaced by nuclear 
power stattons. The scientists and techuologtsts have once agaiu failed 
to out the pas!til'e aspects to the nonulus. It does appear that tho 
11msses are ouce ligain beiug m!s!ntormed, and little is beiug done to 
redress the imOalliuce. 
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'T'he disposRl of nudear waste is topiclll a.nd gives 

cour.eru for the sR.fety of people 1 iviug uear nuclear power stations, 
but it is doubtful th•t m•uy of their fears are JUStified, There is 
some inevitable risK lu any operation, whether it be medical or 
otherwise, but what hRS to lJe carefully considered is tnt. adlantages 
gained against the rlisR.dvR.ntages. Js the cisK. wortn trueing OI' is it not -
just how olg is the risl<, A.Ud is it ar.cept!tble? Ag!tiu eugineers !tUd 
technologists are aware of the risKs - but do they give them enough 
rubllcity, and do they put the01 over in a fail' and oroper 1nauuer? 
To me it see01s extremely unlikely that they do - R.nd it would appear 
that the Yiew is tR<en tnat it might be better if they were hidrteu, i.e. 
•we will sRy nothi,,g aoout this'. Jgnor"•ce is tne order of the day -
it is the safety lalve - keeo the masses ignorant and you will tle safe 
until that is that somebody fiuds out. By theu you hope it will be too 
late to do anything aoout it becR.USe the Hliscourertions will oe well 
rooted and very difficult to er~dirate. 

Mlsconceptious iu Mathem11tics may be easie1· to er,.se thau 
scientific or ter.hnologi•:1ll mlsronceolious. ~uch of technolog) is a 
matter of opialion, outd it is this oh lch m11.ices it techuology. Many 
attemots have beeu u.ade to define technology - some 11ore successfully 
than others- but where does the boundary between science ~~ techuology 
occur? I would suggest that U1e difference betwe•.:u applied scieuce 
and technology is th11.t io A.pplled science A.ll the answers can be 
calculated, but in technolo~y there hA.s tolie some degree of intuition. 
As soou 11.s somebody says - • th11.t ought. to do it', or • that is about right' 
then it becomes tecnuology. Sometimes the engineers aud technologists 
get things wrong. lf they did not, then disasters li~e the destruction 
of the susrension oridBe over the "'acO.OII. rlf>rrows, '"'d the )l,ilford Haveu 
aad Hobart box bridge disasters would never have ocurced. r;urrently, 
the whole design concept of roll on- roll off ferries is in question 
aftel' the Zeebrugge disaster, ·.vere the risks knowu ~1d a<:certed? 
The accident rate for cross channel ferries is very low - Was it that 
the risk was un<uOIIin and only """'e to lieht nfter ao accideut had happened 
a11d even then only found after an intensive inveslit;'ltioo aud a rublic 
en~uiry? 

In ~1athemat ics r.hildren ~re taugnt for rn:toy ye~rs that 
~•swers are e l ther correct or incorrect - in short they are marKed 
with 9 tic< or a cross. It is not surrrisine thRt tnis conditioning 
stays wtth then •• Altnou<>h the so called 1/,odern Mnttlematics (S.~ .. I'. etc) 
h~s gone some way tow3rds er:tdic'lting tnis, this system of things beiug 
nght or wroog is still deenly entrenched in our cnildren, It does seer" 
that insufficient ~ark on esttm'ltion aHd the limitations of estiohation 
is the norm ill mo~t school subject 'lreas. Even io MR.the.uatics, pupils 
are rarely sufficiently encouraged to obtain an 11.ccur1lte estimate first
illdeed m~1y pupils are UilRDl e to do so since 111any teach in~.> strategies 
prevent this, .In many Matnematics courses wori< ad the order of magnitude 
iS often conspicuous by tts Rbsence. ~his is very surprisints since n.ost 
of the calcctlations th!lt the rupils will hqve to mii.Ke during their 
adult wo,·king life is one of estim1tion. t-:any confuse estim11.tloil with 
the wild gues~. The wild guess ts usu11.lly oased on no inform11.tion 
whatever, whererJs the nrocess of estimation is one of gil.thering as much 
information as rossJble, ar1d then to reject the absurdities, ;wd then 
to narrow the estimate to the smallest rossible limits. 'l'he rupils 
also aeed to underst'llld Just how a~curnte an estim•te CII.H Oe foe it is 
as abs~rrl to ,tlake ~n over ~ccur~te estimAte ~s it is to 111a~e 8 wil(l 
guess. Again this is • rr,ble''' of tne order of .uagnitude. 

One of the things thR.t becomes npnnreut is the 
diffl~ulty of te11.chlng estimntlon a.td the order of mRgnitude, 
but this does not mean thRt we should fitJ:ht shy of it. 'T'he u.odern 
world has become a comnuter orient11ted society - indeed the present 
trend nrpeqrs to be one where a r.omputel' Is purchased and we look 
for jobs it can perform. 'T'he practice shoulrt, of course, be the 
othex· way around. If we h11.ve some tfls~ to undertaKe, then cous tder 
if a computer c11.n do it more "~cur'ltely and more efflcieoJtly. 
However, the main concern ts to easure th11.t the computer gives the 
right answer. 3ome would R.rgue that the computer cll. .. uot possibly 
give the wrong Rnswer, since it gives an accurate answer, given 
the lnformatiou witn "hich it is sunplied. Hart do we Know that the 
correct inform11.t ion has been fed into the computec? i.e. tne 
programme is correct. \Ye neen to Know the order of m~ui tude of 
the answer, bec~use if the wrong answer is being sunplied, the 
computer's a11swer will be so far off that the estimate will indicate 
very clearly tnat something is amiss. 

Some misunderst~~ings 'lre due to either weaK or unclear 
nomenclature or the misunderstanding thereof. E'or exanorle, the 
one misunderstood 11.ost by lower school pupils is that a;o.,. b;- is 
not (a+ b)?. Is this due to faulty or wea~ teaching strategy, 
in that insufficieut emphRsis is pl'lced au the proof'? Other conunou 
mathem11.tical misconceptions Include:-

(a) 
(b) 

(r.) 
(d) 
(e) 

that indices have toLe whole numbers. 
Indices only oper~te to the bqse 10, (altnough 

S.M.P. and computer studies have gone a long 
way to eradicating this one) 

that the laws of Indices do not wot~ iu all cases. 
neg•tive Indices do not exist. 
llr:l.~.,/fCJ etc. 

. Ueslgn studies, craft studies aod technology studies 
ace not lnllloune either, There is still a str·on~ly e•ltcenched 
school of thought that says 'the thicker and heavier it is, the 
stronger It will be'. '!'his Is" false co .. cept h~•ded dowo frau, 
the eugtneers of the Victor! an era. An object is not strengtrwned 
~erely be~11.us~ the 11.mount of material used Is greater. uften au 
increase iu Si•e ~~ weight of a particulor ueonber of a structure 
will ~eii.Keu the total structure. Certainlt the nartir.ul11.r member 
Itself will be strengthened, but this lucre:1se ·"!I.Y well move the 
combined stress to some other are11. which will result lr• weRKeuiug 
the whole str·ucture ~nd therefore lessen the lo~d that the whole 
structure can taKe, The converse is also trc~e. Whilst lo11.ds Cllll 
be ta<eu by the structure as a whole, if o .. e rarticular· lloeu,ber 
Is removed then the whole structure c"" collapse as Rccumulative 
loads build up, An example of this was the collnplle of the blor.-< 
of flats at Hon'ln Point In Londotl, ,, gas explosioll blew ~way part 
of Rn inside wall, 'llld as a result the whole corner of the bloc.c 
of fl11.ts sltd do•u to ground level. '~'his collapse wRs CRused by 
the rressure for:netl by the weie;tlt or the upper· :>tolies ooto the 
ft fth floor, the one •iti1 tne 111issing sections, Al thJugh this 
tower bloc< had been designed to wl thsta1.d wind pressures o11 the 
w,lls of up to 1 ::>o knots, •• a body had thought aboJt wh11.t would 
happen if oue of the intet·ior walls w11s removed. Pressure fr·ou1 
above had not even bee,, considered. 



In Physi~s and Chemistry, tne ronfusion be~ween 
weight and wass is no nearer solution. '!'his misconcept 1011 
contluues to exist at R.ll level - student ,.nd adult aliKe. 
The space program"e has been instrume .. tal in making a stad 
to solve this problem, but edu~attonal LLi have so far fatleu 
to capitalise on tnis fully. Because the media is able to show 
vi:>uAllY that Flstroruuts in space fire weit~;htless, and there is 
plenty or talK about es~R.p!ng from the eR.rth's gravity, tnere 
is sou•e improvement in the lay persons understanding of weight 
and gravity, but mass is R term that is seldom used, l:ltld is one . 
that is certainly not understood. '!'here is another mtsundersta.nrllng 
that is troubleso~e and that is the belief thR.t only the eR.rth 
has gravity. As spa~e travel be~omes more the norm in sny the 
yeR.r ?050, then the difficulties of understRnding weight, gravity 
and mass are likely to inr:rease for the average pupil, but fur the 
'A' level student of Physics, these concepts fire liKely to be more 
easily understood since the syllabus content now includes worK on 
sntell ites etc. In many schools there is already a division tetween 
the Science/'l'echnology students and the rest, and I am told that 
this Is particularly annarent In the U.S.A. where the problem is 
suffi~iently entrenched that the result Is that seuinars su~h as 
this one are bein~ called itl order tnat the problems cau be discussed. 
The U.S.A. is uot alone in this. -~new cult has come to the fure
frout in Britain - what is knowo as 'The I Know No Science Society'. 
Even some te'l~hers ~re IJUite rroud to boR.st that •nobody is n10re 
ignorant of science thaH I am•- n very rroud boast, as if this 
is sotue magnificient a~hievement. Is it small wonder then, that 
this is passed ou to the punils. I often wouder what tneir rea~tiou 
would be if they were to be answered i:J son.e obscure foreigu 
language and then the decl'lration was made that there was a total 
lacK of understaudi:~g of the English language, or eveu better to 
respond with some mystical sign language aud theu to declare that 
there was a total ignorance of lillY spoken word, ll'ould tney consider 
that this was a total failure or '1 colossal achitvemeut? 

In Chemistry the distinct ion between ato;us and 
molecules contitlues to give difficulty at all levels. The terru 
atou Is fre~uently used although it is often misunderstood. The 
lay persons idea of an atom is eenerally that these da!lgerous atoms 
exist - that they t1ave only recently beeo discovered by the Scientists 
~~ that they cause devastating exolosions. These false concepts 
are linked to the nuclear oower industry, 'llld to the nuclear weapons 
industri,s, and reference has been made to this earlier. Perhaps 
this may glve the necessR.ry im]'Jetus for those who seeK to pro1uote 
a more tecnnologically literate society - but something more is 
needed than just to be iible to re'lrl the words and know what they 
ruean. Little will be achieved unless there is understa11diug to 
go along with the l\teracy, Perhaps a start should be made by 
teaching that tne gerueration of electricity by uuclear power is 
all about control - control of the atom- control of tne aruount of 
energy atoms can produce- control of the sunrly of electricity 
i.e, the supply ceing matt~hed to the demaud, 

'l'he home computer industry is a rapidly developing 
one, llritain has more home comnuters per head of populatlo" than 
any ,other cou11try in the world. How has tnls affected mis~oucept ions 
in ::lc1enc7 rutd Mathematics'? '!'he •so called" generation gR.p is 
getting w1der- has the hoille computer encouraged this, or· has it 

helped to overcome It'? I would sllggest that the first is the crtse. 
Professor T. Stonier mni.stta.ins thrtt we ~re further into the co1nputer 
age than we thiul<:. He suge;ests that we are about halfway through 
the computer age. '!'here is little doLIOt 1 however 1 that Ollr yollng 
people have growu up with computers, and many young pupils use 
computers 'lS toys. 4 years ago at r;hristmas, the greatest sales 
from the toy shops of Britain was comnuters. A new lucrative 
industry was created in computer games software. The introduction 
of the Schools Mathernatlcs Project - {l',odern Maths) into the schools 
gre,tly encouraged the use or comouters by young pupils, aJld the 
parents, brought up on the oln mllthe,natics syllabuses, were uot 
only completely 'befuddled' but often lacked the ability to 
comprehend what was hapneniu15. As a result, the generation gap 
has vastly increased, and all too often teacners hear tne cowo~.ent 
from parents ·~e did not do that when we were at s~hool~ This 
can lead to hostility in the family betweeu parent aJld cnild, since 
the parent has a feeling of inadequ~cy, and the child is sure that 
the parent is inade'Juate- or that the parent is Oeing obstructioaist 
and unhelpful. In 1985, the computer software industry became 
alarmed at the pirllte corying of video tapes aad cowruter software. 
Research by the industry showed that by far the vast 111ajority of 
lhe pirating was ceing performed by children under eight years 
of age, ll!ld the Brit ish law prevented the industry from prosecuting 
offenders under 10. It ts a certainty th'lt a great many of the 
parents lacKed the ability and the necessary know how, to reproduce 
the copies as their children had done, aud were thus completely 
unaw'lre of what was happening. 

~any various bodies have bce11 set up by the Schools 
Council, and various projects h'lve been funded by tnetu, "rhe Concepts 
in Secondary l'.llthematlcs ~ Scieoce" (l!.S.M,S,) finished in 1979. 
The project, like most others generllted a large amount of data, 
some of which concertled the occurence of specific errors. The 
Strategies 'llld Errors in Secondary Mathen•atlcs (S.E.S.M.) was 
funded to investigate the cause of some of these errors. Once 
again, this is the case of proving what is already Known. Teachers 
Kuow only too well where the weaknes,:es and tne misconcertions 
are. What is needed is a teachine strateey - well researched 
and tried - whi~h overco nes these false concerts and errore<. 

Perh'lps one of the difficulties is that we always 
start at the wrong end, 'T'he Nuffield Science Schemes did iiiUcn 
to imrrove sr:ieuce tellching in schools, but when Nuffleld was first 
introduced, there WR.S a great de'l of nonsense t'llKed acout the 
Nuffield Schemes. 1'hey started at the secondary level a.1d said 
that Nuffield was only for the top ?()!. of the ability rru1ge. As 
a teacher you either did the Nuffield Scheme in its entirety or 
not at all. The schemes were eventu~11 watered dowu for younger 
pupils and the lower abilities. Nuffield Primary Science turned 
out to be a disaster, '!'his le'ld to the writing aud introduction 
of Nuffield Science 5- 13, - a huge success. The introduction 
of Technol~gy into the schools has followed a similar road. 
Introduce It into the 6th forms, and gradually worK your way dowa. 
I would suggest that this is the wrong route, Why not accept 
that there are short comings? Introduce what is thought to be 
correct. at the base level - 1. e. as low 'lltd as young as is possible -
then bu1ld u~on this foundation as the purils pro~ress through 
their schooltng- uuttl the desired aims and objectives are reached, 
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This berrs the quest ton as to the origius of the currice~lutt< 
develor~rs. How rnnny of them have taught in Primary :.ich~ols 
aud for how long? Gertninly n.ost of the ones that un ... edlately 
come to mind, have their origins iu the ::lecondary ::lchools. Could 
lt be that the misconrentlons nnd errors become more arpllrent at 
the secondnry level and that currirulum develorer,; try to correct 
the fnults at the level wr1ere they arpellr, raUJCr tha .. to seeK 
out its root cnuse, nnd d isrover not where it arrears, but wher·e 
the errors bee Rifle introduced and how they got there in the first 
place? 

The Nlitionnl Poundat!on for Srluc·Jtional ilesearrh has 
made some R.ttempt to resear~h the et·ror·s ~dd udsf~onceptio,~.s that 
are nrrarent In mnthemntirs at the secondary school lo~el, but 
in the sciences nud techrwlor,y, the old familiar sr:ene is all too 
anparent, The line followed is, what is missin~ from the syllabus 
content and how do we rut It in - and whllt do we tflKe out in order 
to fit it in, Little or no work is oeing do .. e to correct errore. 
or to find methods of teachin1i thllt will el imin'lte the errors. 
The Engineering Industries Trllining tJoard has set ur its own 
resenrch pro[lrnmme into what is wrone; with the Mathe.natirs content 
in vnrious syllabuses. "'his h11s been funded by ::lhell and is baaed 
at Nottingham University. The engineerlne industry has been very 
forthrit;ht in its condemnntion of mathematics thnt is taught ic1 
schools aud has issued statements of wh~t school leavers ou~ht to 
i<now when they e11ter this industry. Nobody has said exactly how 
it should be taught, nnd neither h1w ~tnybody snit:! anytt1iug coustruct
ive about how the misconcents should be removed, or about how they 
can be prevented in the first place, 

Research into misconcertious iu mathematics Clll'ried 
out by K. Hart of Ghelse~ College concluded, ~he results of the 
investigation point to the conclusiqr, thnt specific inte,·vuutiou 
at a particular time seems to have been effective wit.h most ctlildce .. 
as far as the aba11doun•ent of the incorrect strategy is r.onceraed, 
and with many children when the correct responses were required. 
The difference between the work attemrted in 3.E.S.M. and the 
usual clA.ss 'r.ocrection' wns that the rensons why the children 
were failing were thoroughly investigated iiud the remediation tool< 
into account their naive nnd child methods besides cousideriug 
the tra .. sition to more formal (A.Ild geueralisable) mothods, lu 
uearly all the classes investignted, it was appareut that certain 
errors were more resistant to change than others. Sowe children 
did not improve their performance even though using the waterials, 
but the approach would seem worthwhile •. Note that there is no 
mention of how the errors got there in the first place. 

What strategy or strntegies should be applied to 
prevent misconceptions aud errors? The f1rst proolem is to tdeutify 
what the errors are. This should not be d1 fficul t or e.._peuslVe, 
A quest1onna1re to a nUmber of teachers should be sufficieuL to 
orovide a lA.rge enough selection of errors. The ueit step is 
one for the r•sear·chers and would be costly, Where do the errors 
come from, and how have they been formed? Haviug achieved this -
if it ts possible, then we may be able to provide teachin~ metnods 
and rrogrA.mmes that will prevent the misconr. ept ions fro,n oecomiug 
established, Perhars we have forgotten whnt Cattell said mauy 
years llgO- "Give me the cnlld until he is 7 and you can then do 
whnt you like with him •. 



THE USE OF CONCEPT HAPPING TO DIAGNOSE MISC~~CEPTIONS 

IN BIOLOGY AND EARTH SCIENCES 

Ron Hoz, Ytzak Tomer, Dan Bowman, and Reuven Chayoth 
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THE ~TURE OF HJSCCNCEPTICNS 

The notion of "misconception' bears a negative connotation that 

reflects value judgement. Therefore we start with the notion of 

'conceptual framewor~· which is a systtm of concepts and thl' 

propositions that relate them to each other <thus forming ideas of 

largtr scopp), and procedures designed to account for a knowledgt 

domain with its parts and aspects or performance on problem solving 

and othl'r reasoning tasKs within this domain. Concepts assumt thl'ir 

meaning from their rl'lationships with othl'r concl'pts within a 

conceptual framtwork and their position in tht total configuration of 

concepts. As pointed out by st~eral authors <•.g., West and Pines, 

19861 thtre may •~ist two types of conctptual framework, naml'lY, 

personal, or real life, and 'official' or 'scipntific", thl' 

rtlationship between which may vary. A conceptual framtwork is 

considered inadequate 1f it does not properly account for the 

Phenom•na it is designed to txplain, and incorrtct if it is 

incmpatible with tile official one(s). By 'misconception" we r•hr to 

11.!!:.! lei th•r conctpt or ideal of a conceptual framtwork that 

mismatchPs official id~as. This d~finition is @quival@nt to StrikP's 

119831, since according to schema theories it impl its that making use 

of ~uch part for functioning within that domain must necessarily 

result in mista~es. One way to identify misconceptions is to tap a 

partic•Jlar conceptual framework and detect inconsistencies betw••n its 

parts and an official one, and we propo~t that concppt mapping is a 

highly appropriate means to this •nd. 

In this paptr we want to make the point that the knowltdge 

structure characteristics obtained by our analysis schemt of cognitivt 

maps can ser~e to tao misconceptions that result from deficient 

le~rning. Preliminary wor~ in this direction was started by Feldsine 

11983), ~nd we report the results of two studies. The first study 

deals with the de•Jelopment of biological knowltdge structures of 

prospective teachers. They participated in the methods course that 

dealt wdh theoretical and practical pedagogical principles, had been 

I'YPOsed to field experitnct and had taught several biology classes. 

The second st•JdY deals with th• kno.Jledge acquirl'd by students who 

tnrolled in an Introductory tarth sciencts course which was prectdtd 

by an introductory co•Jrse in geology. Hoz, Bownan, and Kozminsky 

(1°871 •valuated this course using concept mapping. In thest studits 

tht students wert interviewed by fonSAT <Conctpt Structuring 

Analysis Techn1oue, Champagne and Klopf•r, 1981>. Their cognitive maps 

were analysed according to various cogni tiv• structure dimtnsions that 

were dev•looed by our research team and described by Hoz (19B7J. 
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CCJIICEPT ~PPING ~D ITS FEATURES 

Concept mapping was first proposed by Joseph Novak in the 70's and 

sevrral versions wert devrloped sincr then. In our study we use thr 

revised and standardized form <Hoz et al ., 1984) of ConSAT. The use of 

ConSAT involves three steps: determination of the list of concepts, 

a.dministration of the ConSAT inhrview, and analysis of the obtained 

cogni ti•Je maps. The chosen concepts can be of the samr or different 

gentral ity or ~bstractness, dePtnding on the resrarcher's objectivrs 

and their opttmal number rangrs from 10 to IS. This version of ConSAT 

makes it possible for the interviewet to form groups within his or her 

congnitivt maps and our analysis scheme is based on both their 

existence and nature. 

Thr ConSAT intrrview involvrs six phasrs: 

1. A short training session with six daily concepts for demonstrating 

to the intrrviewee the procedurr and thr kind of products rxpected 

<i.e., a cognitive map that includes ill the possiblr meaningful 

links and their labels). 

2. Classification of nch list concept as familiar or unfamiliar. 

3. Giving a verbal definition or explanation for rach familiar 

concept. The definition are written down by the interviewrr. 

4. The construction of a map of the familiar concrpts by spatial!)' 

arranging their cards on the tablr so to reflrct their 

or.ganization and mutual relationships, When thr interviewu is 

utisfied with his or hrr arrangement it is bring written down by 

the interviewer on a la.rgr sheet of paprr. The intrrviewee is 

further asktd to statt what concepts art related and express 

verbally the most mraningful relations he or she knows among them 

and brtwtrn groups of concepts <if such wrrr formrd). Thest 

propositions are written by the interviewer on thr lines 

connecting the concrpts. Thr interviewer is also asked to providt 

a title char~cterizing the whole map and to explain the naturr of 

groiJps. The interviewee is allcMed to modify the ~rrangemrnt 

during the interv"'" until it satisfies him or her. 

S. The interviewer rrinspects the unfamiliar concepts and is asked to 

add the concepts that were recognized now as familiar to the map, 

along with ~ppropriate labels. Also, hr or shr is a.llowed to add 

releva.nt concepts that wert not on thr list. 

6. Thr intrrviewee is a~ked to indicate thr I ink strrngth brtwern all 

pairs of list concepts, regardless whether or not thry were I inked 

in thr cognitive map. Thr three lrvel strrngth sca.le includrs 

necessary 1 inYs between concepts that art tightly connected and 

inhra.ct strongly (level 2), possiblr links betwnn concrpts that 

are moderahly connected and inhract sl ighl)' <level D, a.nd links 

tha.t art disciplina.rily meaningless or illegitimate, and its 

existence is forbidden (level 0), Thr strength levels for all 

bi-concept I inks were recorded in the individual 1 ink strrngth 

matrix and a similar official link strrngth matrix is constructrd 

by the uper ts. 

Thus ConSAT yirlds three Kinds of products: (i) concept 

definitions, (ii) a cognitive map that is a network representation of 

thr concepts and their mutual relationships, and (i it> 

characterization of concept groups, if they wrrr formed, and of the 

organization of the whole map. Samplr cognitivr maps are presentrd in 

the next srctions. 



An analysis scheme was developed that pertains to four components 

of cognitive maps--links betw~en conc~pts, meaning of single 

concep\s, conceot groups, and the organization of the whole map--and 

to link strength matrices (concept definitions are treated 

separately), The analysis of cogni tiue maps is done in two levels. 

The first involves visual inspection of certain surface features, 

thus rtndering the cognitive map a low inference measure that 

minimizes possible inferential leaps in the abstraction of knowledge 

structure charlcteristics. The second level of analysis deals with 

substantive deep structure characteristics underlying the structure 

and nature of the cognitiut map components. 

To identify and tap misconceptions in each disci pi ine agreement 

w.>.s reached between se,•eral e~p~rts \ha\ yielded four types of 

'official' or 'legitimate' measures: (i) all possible bi- or 

multi-concept connections and •al id stalemtnts that e~prtss them, 

( i i) forbidden bi-concept I inks, (iii) partition or partitions of the 

concepts into groups, and (iv) overall conception or conceptions of 

the domain sPanned by the set of concepts. 

A. links in cognitive maps art classified into three categories: 

1 inks among individ~al concepts within and between groups, and 

1 ink; between groups, if gro~ps were formed in that cognitive map 

(otherwise only 1 inks among individual concepts are considered), 

Offi£1!!_£artitions are the partitions that tht exptrts agrttd on 

as disciplinary legitimate. Qroup homogeneity reflects its 

tightness, namely, the degree to which ( i) the concepts in that 

group have the same or similar disciplinary meaning or btlong to 

the same categor)', and (ii) it ovnlaps an official group. When nc 

groups were formed only the first kind of 1 ink appl itd. 

8ppropriat~ness of group characterization is the •~tent to which 

th@ group's title fits its constituent concrpts and th@ir 

underlying common characteristics. A k@rn@l gr~ in cognitiv@ 

m~o is one whose majority or all intra-group I inks (regardless of 

th<:!ir val idi tyl are at th@ intervi@wee's 1 ink strength level 2. 

B. Lin~ val idi!1: is the disciplinary correctnns that is assessed 

on a four-le'lel ordinal scale: correct, precise and clear; corrtct 

but partial; indirotct and general, or imprecise and lacking in 

cert~in aspects; and incorrect. The median validity reflects the 

typical validity for individuals or groups. Hap's salience 

involves two types of bi-concept links and reflects the agreement 

bet~een the interui,wte and the experts with regard to tht 

importance they attribut~ to I inks. (i) The percentage, out of the 

total number of links in the cognitive map, of all links in the 

cognitive m~p whose expert strength levels are I and 2. Its 

complement is the percentage of forbidden 1 inks (ii> The 

respective percentage of tht valid 1 inks. 

C. Focal concept is one having tht largest number of intra- and 

inter-group links with other concepts (relative to other concepts 

in the particular cognitive map), Concept meaning can bt gltaned 

from the concepts to which it is connected and the nature of the 

rel~tionships, The concept's txttnsion is determined by the sizt, 

nature and complexitY of the small knowledge structure that is 

attached to it and by its rtlations with tht other parts of its 

conceptual framework. Th•refore, the concepts related to a focal 

or any other concept can b• used to characterize its meaning for 
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the student. 

0. Overall conception of the domain spanned by the concepts is the 

interviewee's characterization of the organization and structure 

of the cognitive map. If groups wert formed it refers to thetr 

interrelations. This measure is similar to that used by Champagne, 

Klopfer, DeSena and Squires <1981). 

Operational definitions can now be proposed for a variety of 

misconceptions which art based on sevtral of these features of 

cognitive maps. Misconceptions refer to any mismatch between the 

official and student's conception regarding (i) individual concepts, 

as evidenced from their relationships with other concepts and the 

group into which they were classified, and (ii) to ideas, as 

evidenced from the nature of their representation by concept groups 

and the principles that underl it the organization of the wholt set of 

concepts. 

This definition enables the detection of misconceptions that 

cannot be derived from analysis of concept definitions. Concept 

definition contains certain specific agreed upon concepts whose 

relationships with the defined concept span this concept's meaning. 

However, concept definition can be of very 1 imited help in finding 

out the concept's meaning. Correct concept definitions can be 

interpreted as everything form of complete mastery of the concept to 

the perfect abilitY to remember verbal statements rotely, Incorrect 

concept definition can be interpreted as everything from evidence of 

imperfect ability to remember vtrbal statements to total confusion. 

Furthermore, even if total confusion Is tht case, an incorrect 

definition does not explicate a specific misconception but only 

indicate incorrect understanding. The proposed dimensions of 

cognitive maps can serve us bttter in tapping misconceptions by 

providing widtr and richer perspective than definitions on (i) tht 

concept's relationships with many more concepts in and outside a 

group of concepts in which it might have ,been grouped, and (ii) on 

larger assembl its of concepts that comprise more comprehensive ideas. 

We use thest features of cognitive maps to dettt misconceptions in 

the following ways. 

A. Failure to form an official group, dispersing its constituents 

between other groups, or grouping concepts on the basis of surface 

structure (or verbal) rather than dtep structure features. The 

formation of inappropriate groups can indicate misconceptions 

regarding essential important common dup structure haturn of 

certain concepts and the ability to conceive of a group of 

concepts of higher abstraction ltvtl. Examples art (i) tht 

formation of small groups that are not merged into a more 

comprehensive group, <ii) the formation of several two-concept 

groups with a certain relation betwetn their components, instead 

of grouping the respective concepts in tach relation into two more 

general groups, (iii) the inclusion of a concept in tht group 

containing its examples rather than in a group of general 

concepts, and (iv> classifying gtntral concepts with their 

instances rather than with concepts of higher abstraction. Giving 

a group label that is too general, vague, or invalid can indicate 

misconceptions regarding the differentiation of the groups' 

concepts. Tht existence of isolated concepts that are neither 

included in any group nor connected to other concepts can indicate 



misconctptions regardtng gtntral cattgories that may tithtr not 

txist in tht studtnt cognitive structurt or is distorttd. 

B. Formation of invalid connections within or betwrtn groups or 

making forbiddtn I inks bttwttn conctpts. Formation of official or 

other disciplinary legitimatt groups without making tht ntctssary 

tntra-group conntctions brtwttn thtir component conctpts, and 

failure to form necessary substantive within- or bttwrtn-group 

conntc t ions. 

C. Whtn no groups wert formed, arrangtment of the whole stt of 

concepts on the basis of their proximity in timt and spact, thtir 

position in the instructional sequtncr, or other irrelevant 

ftaturts rather than on substantivt grounds. These can indicatt 

misconctptions regarding the principles undtlying tht domain and 

the ability to distinguish didactic from disciplinary 

considerations. 

Tht ust of these indicants to tap misconctptions is dtmonstrated 

in the domains of biology and earth scitncts. 

MISCONCEPTIONS IN BIOLOGY 

Wt prtsent misconctptions pertaining to thrtt conctpts by analyzing 

thtir 1 inks with other concepts: diffusion, mttabol ism, and tntrgy, 

Diffustion and mrtabol ism art broad and gtntral proctssts and can 

thtrtfort bt considtrtd part of stvtral conctptual frameworks. All 

biological processes art contingent on tht use and transformations of 

entrgy 1 a principle that undtrl its parts of almost tYtry biological 

conceptual framtwork, 

We dtscribe stvtral 1 inks among conctpts within cognitivt maps, 

show what misconceptions art indicated by thtm, and point to possiblt 

sources for thest misconceptions. 

We prtstnt ttn invalid relationships betwetn diffusion and other 

conctpts: Influx and tuflux of mattrials to and from tht ctll is 

achitved by diffusion and art in opposite direction to tht diffusion 

gradient. Diffusion enables tntranct and txit of mattrials to and 

from the cell. Large amounts of material art absorbed and releastd by 

the cel 1 and this is dependent upon diffusion. Thert is diffusion of 

substancts in and out of tht cell that tnablt ctll growth. Metabolic 

substancts tnter and txit by diffusion. Tht conntction bttwttn tht 

cell and its environ~nt can be achitved by diffusion. Diffusion is a 

process that participatts in mttabol ic activitits betwttn tht ctll 

and its tnvironmtnt. Diffusion is a process in which mttabolism is 

achieved through tht cell to tht environmtnt and it is accompanitd by 

tnergy consumption. Thtrt is transition of substancts bttwetn 

adjacent ctl Is through tht ctll mtmbrant and this transition is 

optrated by diffusion. The cytoplasm obtains or reltasts difftrtnt 

materials by diffusion according to tht ctll's nttds. 

Thtst relationships indicate a misconctption rtagarding diffusion, 

rtlating it to tht proctsses of tnttranct to or txit of substancts 

from the ctll through its ~tmbrant that ntgltct two rsstntial 

ftatures: (i) substantial portion of tht matttr transftrtnct through 

the cell membrant is achievtd also by othtr proctssts difftrtnt from 

diffusion, and <i i) transftrtnct through stmi-ptrmtablt mtmbrant dots 
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not occur by diffusion but rathtr by osmosis, which is a sptcial cast 

of diffusion and difftrs from it in ctrtain characttristics. 

Thtse misconctptions may havt bttn productd by inappropriatt 

prtstntation of diffusion in tht ttxtbooks that wtrt availablt to tht 

studtnts. Host of tht tx~l•s givtn to diffusion art actually 

osmotic proctssts, with no rtftrtnct bting madt to tht distinction 

bttwttn thtst two. For instanct, to illustratt diffusion tht txample 

dlscribts how wattr moltcults tnttr tht ctll through its mtmbrant, 

ntmtlY, osmosis <Galston, 1968). 

Wt prtstnt ttn links of ttabolism with othtr conctpts, of which 

tht first thrtt rtlatt to mttabolism and diffusion, tht ntxt two 

dtscribt tht rtlations of mttabolism with othtr conctpts and tht last 

fivt Yitw mttabolism as an auxiliary proctss by which biochtmical 

processes art carritd out: For photosynthtsis to occur thtrt must bt 

mttabolism during diffusion. Diffusion is ont of tht ways for 

mttabol ism. Diffusion can bt obtaintd by mttabolism. To survivt tht 

ctll nttds metabolism to occur bttwttn it and tht tnvironment. 

Brtathing products by-products of which wt gtt rid by mttabolism. 

Brtathing takts plact with tht aid of mttabolism. Photosynthtsis 

takes place with the aid of metabolism. Entrgy is productd from 

mttabol ism and photosynthtsis. Fat dissolution is achitYtd by 

mttabol ism with the aid of tnzrmts, and ATP is formtd. Httabolism is 

tht basis for brtathing proctssts. Tht art inttrrtlattd. 

Hisconctptions of mttabolism tmphasizt tht transftrenct of matttr 

bttwttn tht ctll and its tnvironmtnt, ntmtly, tht tntranct of ctrtain 

matters to tht ctll and txit of difftrtnt matttrs from it. Howtvtr, 

mttabolic proctsses occur both within and out of tht ctll. This 

misconception disrfgards some of its fssential subproctsstl and 

thtrtfort comprists only a small part of tht txttnsion of this Ytry 

gtntral notion. Thtst milconctptions may arist from <i> tht inability 

to idtntify tht mttabolic naturt of ctrtain processes, (i il the 

inability to inttgratt and difftrtntiatt simuttantously all asptcts 

of ctrtain proctssts, or (ii il tht Htbrtw ttrm for this conctpt, 

which is 'txchangt of matttrials'. 

Entrgy is rtlattd to othtr conctpts, such as rtspiration, 

photosynthtsis, mttabolism, ATP, and fats degradation. Thtst 

rtlationships art illustrattd by tht 15 following 1 inks: Thtrt art 

rtspiratory tnzymts which product tntrgy. Rtspiration products 

tntrgy. Fat dtgradation takts plact in ordtr to product tntrgy too. 

Enzymatic proctssts util izt or rtltas~ tntrgy. In tht proctss of 

rtspiration tntrgy is invtsttd. Proctssts of m.tabolism which takt 

plact inside the cell utilizt tntrgy. Entrgy is nttdtd in rtspiration 

and photosynthtsis. Httabol ism, mitosis and rtspiration art proctsss 

which rtquirt energy. Respiration is a way by which tht cell util izts 

tntrgy through rtspiratory tnzymes. The proctss of carbohydrate 

storagt rtquires tntrgy. Photosynthtsis is a way of tntrgy supply and 

glucos~ stroragt. Entrgy is productd insidt tht cell. Entrgy is tht 

last product of rtspiration. In photosynthesis tht tnergy of 1 ight 

strves for tht initiation of a proctss in which tntrgy is productd 

during its difftrtnt stagts. Metabolism is ntedtd in ordtr to product 

tntrgy. 

Th~st 1 inks indicate tht major misconctption that tntrgy can bt 

produced or dissipattd in biological proctssts, rtfltcting inability 

to distinguish energy production and dissipation from tntrgy 

transformation. (According to tht law of tht constrvation of tntrgy, 

in clostd systems tntrgy undtrgots transformations but can bt ntither 



dissipated nor produced.) This misconception mar have arisen from tht 

daily and sometimes scientific use of the concept, where statements 

like 'energy disappeared in this process•, 'this process consumes 

tnergy', or 'heat energy is procuced in this process• are often heard 

and USPd, 

MISCONCEPTIONS IN EARTH SCIENCES 

Two official partitions of the central concepts in the course 

'introduction to geomorphology• were formed. Tht first is bastd on an 

tnvironmental approach and comprises three groups. Fluviatile 

environment concepts: lateral erosion, vertical entrenchment, river 

terraces, flood plain, fluvial system, and base levtl, Karstic ground 

water environmtnt concepts: solution, caverns, seepage, and intake 

area. Slope environment concepts: slide and scar. Three concepts 

remained isolated: equilibrium, coastal zone, and glacial landscape, 

ThP second partition is bastd on the distinction between four 

classes of concepts. Process concepts: solution, seepage, slide, 

lateral erosion, and vertical entrenchment, Resulting land forms 

concepts: caverns, scar, flood plain, and river terraces. Srsttm 

approach concepts: maturity, equilibrium, and base level. General 

environment concepts: fluvial system, coastal zone, and glacial 

I andscape. 

The following misconceptions wtre revealed, 

I. Misconceptions regarding basic facts can be id•ntified by the 

existence of forbidden 1 inks or mistaken explanations for links 

between concepts. Examples are: (j) river terraces are formed by 

slides or by solution, <ii> supagt cauus tntrtnchmtnt, (iii) 

glacial eltments indicate a maturt stage of desert landscape, and 

<iv) erosion is typified br caverns. 

2. Misconceptions rtgarding the ideas and principlt.s underlying the 

official partitions can be idtntifitd when all tht conctpts wtrt 

arranged in one large single group that contrasts with tht official 

partitions. An example is the cognitivt map in Figurt 1. The titlt 

that txprtsses the rationale or underlying principlt for this big 

group provides cluts as to possiblt misconceptions regarding single 

as well as closely located concepts. An example is a large group 

which is arranged in a flowchart form, emphasizing the fact that 

water and sedimPnt were moving downwards through the lansdcape, in 

the order: 'water from tht fluviatile system may step, seepag• causes 

solution, solution forms caverns, and caverns may reach maturity•; 

This arrangement is based on the spatial proximity between conctpts, 

with e1ch element flowing towards and triggering the next one, and is 

arranged so to simulate the relative height of elements in the 

environment, with the base hvel as the sink, being located at the 

lowest part of the map, Apparently, by dominating the students' 

conceptions ideas 1 ike 'flow patterns• prevented the grouping of 

concepts. 

When partition was achieved, misconceptions can be identified by 

detecting general ideas whose extension is different from that of the 

official conception, Examples are the srsttm approach and 

environment. Misconceiving the gentral notion of system approach is 

evidenced by the following findings: (J) Two of Its constitutnt 

concepts, maturity and eqil ibrium, wtrt somttimes includtd in 
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difftrtnt groups but typicAlly rtmaintd isoiAttd, <2> Anothtr 

concept, bast ltvtl 1 was ofttn idtntifitd with tht concept coastal 

zont. This idtntificAtion was probably bastd on thtir physical 

proximity, ignoring tht ctntral function of bast ltvtl in tht 

fluviatile systtm. <3> The system approach group was ntvtr formed. 

Hisconctiving tht gtneral notion of environment is detected by not 

forming a group comprising tht gtntral concepts glacial landscapt 1 

coastal zont, and fluviatilt systtm. Tht confusion regarding tht idta 

undtrlying this group is tvidtnctd whtn coAstal zone, ground ~attr 1 

and fluviAtile system wtre grouped togtthtr. 

3. Misconceptions rtgarding difftrtntiAtion bttwttn concepts can bt 

identifitd by tht existence of 'ovtrconntctions' and 

'undtrconnections', Tht first term indicates a IArgt number of links 

produced by connecting every concept with almost tvtry other concept. 

The second term indicates tht formation of very ftw 1 inks within And 

betw.en groups, ofttn ~ith no link IAbtls. Ovtrconnections 

<illustrated by tht cognitivt mAp in Figurt 2) reflect lack of 

knowltdgt that ctrtain links should not bt madt and undtrconntctions 

<illustrated by tht cognitive mAp in Figure 3) reflect lAck of 

differentiation bttwttn concepts, 

4. Hisconctptions can be idtntifitd by incongruity in tht nature of 

tht groups in the official partitions and that of students' groups. 

The nature of groups is dttermintd by thtir homogeneity and 

c~ltttness 1 by tht existtnct of intra-group links, and by tht 

groups' abstractness. Group homogeneity is contingent on the nature 

of its constituent concepts and the group's label that rtfltcts its 

tsstnct. Misconceptions regarding tht idtas and principlts underlying 

tht official pArtitions art rtfltcttd in low group homogtntity and 

disptrsion of conctpts belonging to an official group betwttn 

difftrtnt groups. Examples of low homogentity groups art: (i) 

maturity (system approAch>, sl idt 1 and solution (proctssts>, (ii) 

glacial landscape <tnvironmtnt>, scar and cavtrns (land forms>, (iii) 

bast ltvtl (systtm approach), .cavtrns <land forms), and vtrtical 

tntrtnchmtnt <process>, and (iv) maturity <system approach>, scarp 

<land forms), lattral erosion <proctsses) 1 and glacial landscapt 

(environment>. 

Too gtntral, vagut and inclusive group labtls can indicate 

misconceptions regarding. tht substantial common features of certain 

notions, For instance, tht very gtntral and inclusivt IAbtl •concepts 

rtlattd to wAttr And water proctssts' is assigned to tht group 

comprising tht concepts river ttrracts (fluviatllt> and solution 

<karstic>, thus mismatching tht essential common ftaturts of thtse 

conctpts. 

Misconceptions regarding an idea thAt charActtrizts an official 

group can bt indicated by tht txisttnce of isolAted conctpts and 

incomplete group5. Incomplete group is a homogeneous subgroup of an 

official group. An instance is tht group comprising solution and 

caverns with tht IAbtl 'solution products caverns'. Isolated concepts 

reflect difficulties in conceiving of or abstracting tht principles 

underlying environment and tht system approach conctptions, or poor 

knowltdgt of taught principles. An examplt of poor knowledge of bAsic 

facts is tht concept intakt arta which is isolated from tht 

karstic-rtlattd group (solution, caverns, intakt area, And seepA~). 

Tht majority of isolattd concepts wtrt tither tnvironment-rtlattd 



(coastal zont and glacial landscape) or rtlattd to tht system 

approach (tquilibrium and maturity), 

Hisconctptions regarding th• organizational principle of the group 

and tht inttractions among its constitutnts can bt indicated by tht 

lac~ of most of tht basic important and necessary intra-group I inks. 

Examplts art (a) tht group of conctpts rtlated to the fluviatile 

system <river terraces, vtrtical tntrtnchmtnt, flood plain, and 

lattral erosion>: (j) No I ink txisted bttween rivtr terracts and 

vertical tntrtnchmtnt, whereas river ttrraces art produced bY 

vtrtical tntrtnchment, ( i i) no link txisttd betwttn rivtr terracts 

and flood plain, whtrtas river !trracts originate from flood plains, 

and <i i il no link txisttd bttween vtrtical trosion and lattral 

erosion, which are complemtntary proctsses within the fluvitilt 

system. <b> Tht group of concepts rtlated to the environmtnt <lattral 

erosion, slide, and coastal zontl: (i) Lateral erosion and slide wtrt 

not conntcttd, whtrtas lateral trosion caus•s sl idts 1 and <i il sl idt 

and coastal zone art not connecttd, whtrtas the latter is the typical 

tnvironment whert sl idts ofttn occur. 

Misconceptions can also be indicated by tht group's abstractness, 

~inct th• mort abstract and varied <coming from difftrtnt domains) 

tht conctpts in a group, the higher its quality. An txample is tht 

abstract notion that 'proctssts mold land forms' which prtdominattd 

somt groups <e.g., rivtrs form a flood plain, and a slide may rtsult 

in a scarp). Howtvtr, grouping process•~ from tht difftrtnt 

tnvironmtnts was not attempted and studtnts did not produce one group 

compri~ing proctsses <likt solution, sttpage, vtrtical erosion, and 

lattral trosion> and other group comprising land forms <likt flood 

plain, river terraces, and caverns). This misconception reflects the 

possiblt blurring of inttr-system rtlationships by th• intra-systfm 

rtlationships. 

As in biologY, instruction sttms to bt a sourct of stvtral 

misconceptions. Tht reasons for this hypothesis are as followsz 

1. Tht courst conttnt prtsentation followed tht physical movemtnt of 

material in nature, starting with weathering on the slopt, continuing 

through mass-movemtnt and transportation in channtls. It is possiblt 

that this instructional sequence was misundtrstood as an esstntial 

ftaturt in earth scitnces. 

2. The course was organized around tnvironments, discussing one 

environment afttr tht other, focussing mainly on their inner 

functioning, and on the interactions among their tlements. This may 

bt the source of the concentration on intra-system functions and 

relative disrgard of tht inttr-system links. 

3. Hisconctptions regarding the environmental approach may have 

resulted from the course high! ighting intra-systtm processes and 

disregarding the overall environment characteiristics. 

4. The course demonstrated tht system approach by analysing 

fluviatile processes. The abstraction of the notion of system 

approach was probably hindered by this instructional mode. 
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Figurt 2. CognitiYt map with OYtrconntctions. 
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Figurt 3. CognltiYI map with undtrconntctions. 
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Figurt 4. Cognitivt map with a !argt Yaritty of mi&conctptions 
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THE STANDARD NORMAL DISTRIBUTION AND THE CALCULATION 
OF Z-SCORES: PITFALLS. MISCONCEPTIONS AND SOLUTIONS 

Lorra1ne Jackson, Norm Shklov and Gerald Durocher 
The Un1vers1ty of Windsor 

KEYWORDS: Continuous DistribUtiOn, Discrete DistribUtiOn, 
CorrectiOn tor ContinUity, Normal DistribUtiOn, 2-value. 

The standard normal distribution 1s of priMe importance 
1n stat1st1cs and, Indeed, 1s a most useful tool for data 
analysis. Nevertheless, Its appl1cat1ons are surrounded by 
many pitfalls. In this paper we po1nt out some of these, 
We be11eve that social sc1ent1sts should be very careful to 
exam1ne the nature of the data With Which they are working 
before they standardiZe these data and use the standard 
normal curve tor further analysis. 

r n trod uc t 1 on 

The standard normal d1str1bUt1on enables us to 

calculate proportions or probab1l1t1es 

emp1r1cal data. Th1s 1s so because the 

distribution can be fitted to these data. 

associated With 

standard normal 

Data po1nts are 

assigned z-scores according to a formula. Probabilities are 

then calculated by t1nd1ng areas under the standard normal 

curve between z-scores. 

Ellpirical data can be continuous or discrete. 

Continuous data can take on a cont1nuum of values along the 

horizontal ax1s and are usuelly represented by a continuous 

frequency curve <see F 1gure lal • Discrete data take on 

only discrete values and are usually represented by a 

frequency histogram. where the rectangles are centered at 

the (dlscretel values and are one unit 1n Width <see F1gure 

lbl • 

<al Continuous Frequency 
curve 

0 Ill n X 

(bl Frequency Histogram 

F1~re 1. 
tr uenc 1es. 

Representation of Continuous and Discrete 

Areas under the continuous curve 1n Figure Ia and 

areas of rectangles 1n F1gure lb represent proportions of 

data tn magnitude from m to n in F1gure Ia and from r to s 

1n Figure lb. 

approxiMated by 

These proportions can be very easily 

super 1mpos 1 ng or "fitting" a standard 

normal distribution to the emp1r1cal d1str1but1ons 1n 

F1gure la and lb and then loOking up 

areas 1n the standard normal tables. 

the corresponding 

However, because of the histogram representation as in 

F1gure lb, discrete data present certa1n problems when we 

try to apply the <continuous) standard normal curve to the 

discrete data. 

\cont 1 nuousl 

This does not 1mply that we cannot fit the 

standard normal curve to discrete data. 

Instead, we must account tor this tact and correct tor 

continuity, But first, let us dist1ngu1sh between discrete 

and continuous data. Then we shall discuss the problems 

encountered by such 1n a sect1on dealing exclusively with 

IIISCOncept IOns, 

Understanding Continuous, Discrete, and "Discrete-lzed" 
Random Variables and Data 

A bas1c question that the soc1al scientist must 

address 1s, "Are the data continuous d1scrate <or 

dlscrete-lzedl?" Let us now clar1ty and d1st1ngu1sh among 

these terms and the reason for their illportance. 

Continuous data are data that can take on a continuum 

ot values. A continuous rando11 var1able can take on any 

value with an int1n1te degree of precision between two g1ven 

values. Examples of continuous random variables include: the 

~ ot waste a plant produces daily; the we1qht of your 

father-In-law; and the ~of alcoholiC beverage placed 

1nto a 341 111 beer can. How do you know 1f the random 

variable Is continuous? The idea here 1s that continuous 

variables can assume any value between a max1mum and 11in1mum 

of limitS <Horvath, 1965l. In other words, regarding your 

father-in-law's we1ght, any value is possible, with1n 

lim1ts. Theoretically, if weight were measured Wlth an 
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1nt1n1te degree ot prec1s1on then no two people would we1gh 

the same. Generally. we do not achieve 1nt1n1te prec1s1on. 

Horvath (1965) notes that "all real 11te measurement IS 

expressed 1n d1screte un1ts. so that wh1le some var1ables 

may be cont1nuous, all actual data are discrete" <p.12i. 

Discrete data can assume only certain values such as 

whole numbers. A discrete random var1able ta~es on a fixed 

or a countably 1ntin1te number ot values. Examples ot 

discrete variables 1nclude: the number of students standing 

at the ma1n door ot the Cornell Un1vers1ty Library; the 

~ of proofreading errors found 1n an approved doctoral 

thes1s; and the~ of violent cr1mes committed per month 

1n Windsor, Ontar1o. How do you know 1f the random var1able 

IS d1screte? The 1dea here 1s that the var1able can take on 

a t1xed or a countably 1nf1n1te number ot values. 

Sometimes cont1nuous variables are expressed 1 n 

discrete un1ts and hence, the ter11 "d1screte-1zed" random 

var1able s1mply refers to a cont1nuous variable which has 

been made to be d1screte. For example. the we1ght ot your 

father-in-law can be described as a continuous var1able when 

it 1s reported as 200 lbs, 15 ounces. Th1s we1ght can also 

be described as a d1screte var1able when 1t 1s reported as 

201 lbs, The d i tterence between cont 1 nuous and "discrete-

ized" in this example shows that the level ot accuracy 

<nuaber 

changing 

ot dec111al placesl is a tactor to consider when 

troa a continuous to a discrete one. The reason 

tor diStinguishing between cont1nuous data and discrete-1zed 

data IS that it we are t1tt1ng a continuous diStribution to 

discrete-ized data, we may have to correct tor continuity, 

In turn. it we didn't recognize the3e data as "discrete-

ized•; we may assume they are continuous and overlook their 

need to be corrected tor cont1nu1ty. 

We turn our discuss1on to pitfalls and misconceptions 

now. 

Pitfalls and H:sconceptions in Using Discrete and 
Continuous Random Variables and their D1str1but1ons 

H1sconce 

The t1rst m1sconcept1on whiCh may be stated IS that 

d1screte distribUtions and cont1nuous d1str1but1ons are not 

d1st1ngu1shed trom one another. From th1s problem other 

m1sconcept1ons occur. 

In continuous distributions we dO not attach a 

probability to a part1cular po1nt <Runyon and Haber. 19711. 

We cannot make such a statement as P<X=1l = 0.5 because 

probabilities 1n cont1nuous diStribUtions are represented by 

areas. There is no area between a po1nt and the curve 

\or, 1t you WISh, the 11ne JOining the po1nt on the 

horizontal ax1s and the curve 1s VIewed as 1ntin1tely thin. 

so that 1t has no areal. Figure 2 shows this Situation 

<Fraser. 1956, p. 63J. 

z =.5 

The 11ne troll z = .5 to 
the curve 1s 1ntin1tely thin. 
For pract 1cal purposes. 1 t 
has no area. 

Figure 2. Assigning a probability 
Cont1nuous case. PiZ •.5> • o. 

to a po1 nt the 

From F1gure 2. a probability, such as •z IS less than .S" 
could Just as well be stated as "Z IS less than or equal to 

0,5 , Stated symbolically C Z <.5 J C Z i·5 J, S1nce the 

normal curve IS continuous. the area to the lett ot a 

particular ordinate and the area to the lett ot and 

1nclud1ng that ordinate d1tter by an 1nt1n1tes1mally small 

amount. Thus, 1n the continuous case. we need not worry 

whet her or not "EQUAL TO • IS or IS not 1 nc luded 1 n our 

statement. 



a Po1nt 
e 

ln discrete distrlbUtlons the mass IS concentrated at a 

number of f1xed po1nts. We use a h1stogram to Illustrate 

discrete d1stribut1ons. Rectangles are drawn With the points 

ot concentrat1on as m1d-po1nts ot the base. The respect1ve 

he1ghts of the rectangles represent the proport1on of 

mass concentrated at these po1nts. The widths of 

the 

the 

For rectangles are conven1ently taken as equal to one. 

example, 1n the binom1al case of answer1ng true or false to 

two items on a test, the probab1l1ty of gett1ng half of the 

questions correct 1s 0.5 (P(X=li = l/2i. F1gure 3 shows thls 

situation. 

the number 

Note that the po1nt (rectanglel labelled with 

lS shaded to Illustrate the rectangle. 

.so 

.25 

0 2 x = number of correct answers 

Ftaure 3. Assign1ng a probablll ty to a po1nt (rectang lei on 
the hor1zontal axis in the Discrete case. 

Misconception 3 ar1ses when we are deal1ng w1th 

discrete d1stribut1ons and are assuming that a line plays a 

role 1n cutting ott the distr1but1on as 1t does 1n 

continuous distributions. The fact of the matter is that in 

discrete dlstribut'lons, we are dealtng w1th rectangles 

rather than lines. The rectangles have w1dth. Therefore. 

rectangles play a role 1n div1d1nq scores 1n d1screte 

distributions 

d1stribut1ons. 

as 

T~us 

opposed to 11 nes in continuous 

we can flt normal curves to d1screte 

data 1f we properly take into account that probabilities or 

proport1ons. concentrated at d1screte points are represented 

by areas of rectangles. 

Figure 4 a represents the assumptton of continuous data 

and F1gure 4 b represents the assumption of discrete data. 

(a l Assulll ng 
Cont1nuous data 

~ 
-1nfln1 ty 0 .5 +lnfinlty 

z-scores 

ibl Assumin~ 

X 
o 1·5 I 
.45 .ss 

z-scores 

Figure 4. Comparing Cont1nuous and Discrete D1str1bUt1ons. 

Comparing these two d1str1butions. th~ area > o.s in the 

cont1nuous case 1s equal to the area~ 0.5. From Table A 

(see Appendtx Ai, this raw score produces an area of 0.3085 

(,5000- .1915l. However, 1n the dtscrete case, the area 

>0.5 lS not calculated 1n the same way. Assum1ng our 

dlscrete raw scores are in un1ts of tenths. each tenth 

representing an area. o.s tncludes all posslb1l1t1es from 

0.45 to o.ss. Therefore, 1n the discrete case. the line 

represent1ng 0.5 does 1ndeed dep1ct an area of raw scores 

from 0.45 to 0.55 inclusive. After this fact is taken into 

account, the normal curve can be util1zed as is done w1th 

continuous data. Calculation, 1n the discrete case. of the 

area greater than o.s is then done by consider1ng 0.55 and 

the area beyond that number. Hence the area. if our raw 

scores are the same as z-scores. would be .2912 (.5ooo-

0.2088l as opposed to the cont1nuous case previously stated 

as 0.3085 (see Table A in Append1x Ai. 

In sum then. we need to specify our cut-off points in 

the discrete case before we apply cont1nuous procedures to 

it. 

then 

special case will be considered as a topic next 

d1scuss1on Wlll focus on specifically us1ng 

and 

a 

Correction Formula. 

Hi sconce 

Some authors attempt to treat d1screte data in the same 

way as cont1nuous data. They ass1gn a z-score to a 

discrete point and calculate probabilities by using areas to 
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the left or r1ght of a l1ne drawn from the po1nt to the 

normal curve. They even attempt to establish conventions 

for deal1ng with anomalous cases. Horvath (1985) establishes 

a convention by stating • ••• the cutting score. or d1v1d1ng 

line score, IS always part of the area toward the mean of 

the distr~butlon." <p.79l. Figure 5 represents thiS 

s1tuat1on. 

65 mean 

Figure ~· A Convention to establish the placement of the 
score wh1ch 1s on the 11ne. 

From Figure 5, the raw score 65 by convent1on IS 

assumed to be part of the area toward the mean represented 

by the shaded area. Th1s appears to be correct: but. what 

is failed to be realized 1s po1nts along the hor1zontal ax1s 

1n a discrete d1str1but1on are represented by rectangles, 

not by lines, These un1ts represent areas because they are 

rectangles which by definition, have w1dth <1n contrast to 

the continuous case of a line>. 

In Figure 6, we see that the discrete raw score of 65 

neither belongs to the area to the r1ght of 65 nor does 1t 

belong to the area to the left of 65. The raw score 65 

actually belongs to an area depicted by a rectangle whiCh 

includes raw scores of 64.5 to 65.5 1nclus1ve. This 

rectangle is illustrated by the shaded area <see Figure 6), 

~ 1 !sl u<mean> 
64.5 65.5 

F1gure 6. Area representing a discrete random variable which 
l1es on the cutting edge of the line. 

Therefore, we need not establish a convention to 

accomodate a special case in discrete distributions because 

a datum 1n a discrete d1str1but1on is represented by a 

rectangle and a datum 1n a continuous distribution IS 

represented by a 11ne. 

We conclude thiS section on m1sconcept1ons and focus 

our attention on the Correction Formula. 

The Correction Formula 

In order to obtain accurate answers to solutions 

Involving the use of the standard normal d1str1but1on w1th 

discrete d1str1but1ons of data. we need to correct for 

continuity (Freund. 1964). This we do by adding or 

subtracting one-half of a po1nt one more dec1mal place to 

the raw score. For example, if we had a raw score of 6. the 

corrected raw score would be 6·5 or 5.5 dependent upon 

which side of the raw score the area under consideration 

l1es. In tabular form we have: 

Table 

Formula tor Correction of ContinuitY 

Formula 

Z = X+/- correct1on factor - mu 

Explanation of Symbols 

z 
X 

correction factor 
mu 

sigma 

= Z-score corrected 
=original raw score 
= one half of a declmal place 
= mean 
=standard dev1at1on 

It seems appropriate that we answer here the question 

"When do we add the correction factor and when do we 

subtract it?" As an example, if we are cons1der1ng areas of 

a discrete dlstributlon that ~re greater than 6, we would 

add the correction factor. As a result, the area depicted by 

the Z-score would represent raw scores of 6.5 and greater. 

If we were considering the area representing raw scores less 

than 6. we would subtract the correctiOn factor so that we 

would obtain a corrected raw score of s.s. As a result, 

applying the <continuous> standard normal distribution would 



now be done correctly and the area would represent raw 

scores of 5.5 and lower. F1gure 7 displays areas of this 

discrete d1str1but1on. 

~ 
I 6 I X 

5.5 6.5 

Area A X 6 
Area 8 = X 6 
Area c X = 6 

Figure 7. Areas deptcttng "greater than•, "less than", and 
•equal fo" the discrete raw score. 

Table 2 represents a dec1s1on chart Which Includes all 

of the possibilities for use of the correction factor 

to be appl1ed to discrete random d1str1but1ons. 

Table 2 

DeclSIOO Chart tor Additton or SubtractiOn of CorrectiOn 
rae or 

Locat 10n of Area ArithmetiC Operation on the 
Under Consideration Correct 1on Factor 

) X .. 
( X .. 
( X -
l.. X -

Use of the Correction Formula IS now Illustrated. 

Us1ng the Correction Formula 

Three examples will be presented 1n this section which 

all conta1n discrete data. Differences between correcting 

for continu1ty and not correcting for continuitY are shown. 

E1aaple 1: The Un1vers1tY LibrarY 

For thiS problem. let us now assume you are standing at 

the main door of the Cornell Un1vers1ty Library. We w111 

also assu•e that inside the library you are equally likely 

to find both male and female students. The question is 

this, what 1s the probability that of the next 6 students 

to ex1t the llbra:y that more than 4 will be male? 

(mathematically. the probability IS .10941. Also. what iS 

the probab1l1ty that more than 3 w1ll be female? (mathemati
cally. the probability 1s .3437l. Appendix B g1ves the 

mathematical solutions to these problems but, we wish to 

ut1l1ze the normal curve to approximate these 

probabilities. Figure 6 represents the binomial distribution 

of this example. 

0 
c 
c 
u 
r 
r 
e 
n 
c 
e 
s 

20-

15-

10-

6-

1-

0 1 2 3 4 5 
number of females 

6 

Fiqur~ B· Binomial Distribution of number of females exiting 
the library. 

In order to solve th1s example and others we must first 

ask ourselves. "Does th1s d1str1but1on cons1st of discrete 

or continuous raw scores \datal?", Since it consists of 

discrete data we must correct for continuity but first. let 

us illustrate what happens when correction for continuity is 

not made. 

Incorrect Solution [ >4 males] 

X - mu 2 - 3 
z = ----- = ------ -0.62 

sigma 1 .22 

• Note: >4 males means "<2 feaales• 
• Note: see Appendix B for calcula

tions of mu and sigma. 

2 3 

Figure 9. Portraying the Incorrect solution whereby the 
shaded area represents the probabilty of raw scores ~ 2. 

Table A lsee Appendix Al yields an area of .2939 for the z

score of 0.62. We subtract it from .5000 to obtain a 

probability of .2061 that more than 4 Will be males. 

Contrasting this incorrect procedure to the mathematical 

calculation lsee AppendiX Bi we get an error of 46.92' • 
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Calculating 

question: 

(incorrectly> the other half of 

Incorrect Solution 

3 - 3 

1.22 

>3 females] 

o.oo 

3 

the 

Figura 10. Portraying the incorrect solution whereby the 
shade area represents the probabilty of raw scores > 3, 

From Figure 10, we easilY see the probabilitY 

<proportion of 1 l iS equal to .5000 that more than 3 Will be 

female. Contrasting this incorrect procedure to the 

mathematical calculation \see AppendiX Bl, we get a 

difference of 31,26 \ • 

ThiS is the correct way to calculate the z-scores 

Correct Solution ( >4 malesJ 

Formula 

X~~- correction factor - u 
z = 

sigma 

ApplicatiOn 

2 - 0.5 - 3 
z = = -1.23 

1.22 

1.5 3 

Figure 11. Us1ng the Correct1on Formula whereby the shaded 
area represents the probability of discrete raw scores i 2.0. 

Table A y1elds an area of .3907 for a z-score of 1.23. we 

subtract it from .5000 to obtain a probability of .1093 that 

more than 4 Will be males. Contrasting th1s correct 

procedure to the aathematical calculation (see Appendix Bl 

we get a difference of only 0.09\ suggesting that this 

correction formula is very accurate. 

half of the question: 

Calculating the other 

Correct Solution ( >3 females] 

Formula 

X~~- correction factor - u 
z = 

Sigma 

Application 

3 ~ 0.5 - 3 
z ;: 0.41 

1.22 

3 3.5 

Figure 12. Using the Correction Formula whereby the shaded 
area represents the probability of discrete raw scores >3.0. 

Table A isee Appendix Al yields 0.1591 of whiCh we subtract 

it from 0.5000 to obtain a probability of .3409 that more 

than 3 Will be females. Contrasting this correct procedure 

to the mathematical calculation (see Appendix Bl we get a 

difference of 0.81\ • A summary table 1s prov1ded next. 

Table 3 

Summary Table oi Results Contrasting C Correction - --- - - - --- _ _orrection Without 

Procedure llesul ts \ Error 

1 - No correct1on used .2061 I .5000 46.92 I 31.26 
2 - Correct iOn used .1093 I .3907 0.09 I 0.81 
3 - Mathematical calc. .1094 I .3437 o.oo I o.oo 

Table 3 clearly shows the difference between correct1ng 

for continUity and not correcting for cont1nu1ty. Example 2 

lS now presented. 

Example 2: Lever-Pressing 

After shaping 100 white-hooded rats to lever-press for 

food pellets, we Wish to seek the number of rats who pressed 

the bar 10 times or less during an extinction phase. The 

exper1menter has obta1ned data on rats' performance from 

other studies and these data yielded an average of 12 bar 

presses during 

dev1at1on of 3 

the 

bar 

extinction phase 

presses. Without 

Wl t h a standard 

cons1der~ng the 

correction for continuity, 

incorrectly as follows: 

ca1cu1at1ons would proceed 



z "' 

Incorrect Solut1on 

X - mu 

Sigma 

10 - 12 

3 
= -.67 

10 12 

F1gure 13. Portraying the 1ncorrect solut1on wherebr 
shaded area represents the probability or raw scores l 0 

the 

The probability would then be found by looking up the value 

for z = -0.67 1n Table A <AppendiX Al, This yields an area 

of .2466 of wh 1ch we subtract from .5000 to obta1n a 

probability of .251~ that the rats w1ll press the bar 10 

t1mes or less dur1ng the ext1nct1on phase. We multiply 

this by the total number of rats to obtain our solution: 100 

X .2514 = 25 rats pressed the bar 10 t1mes or less dur1ng 

the extinction phase. 

solution. 

However, this IS an Incorrect 

In order to obtain the correct solution we need to 

apply the correction for cont1nu1ty as outlined earlier. 

Correct So1ut1on 

Formula 

X •1- correction factor - u 
z = 

sigma 

Application 

10 • 0.5 - 12 
= - 0.50 

3 

10.5 12 

Figure 14. Us1ng the correct1on Formula whereby the shaded 
area represents the probabllty of discrete raw scores ilO • 

The probability would then be found by looking up the value 

for z • -0.50 in Table A. This y1elds an area of ,1915 of 

which we subtract from .5000 to obtain a probability of 

0.3065 that the rats w111 press the bar 10 times or less 

during the ext1nct1on phase. We multiply thiS by the total 

number of rats to obtain our solution: 100 X .3065 • 31 rats 

pressed the bar 10 times or less dur1ng the ext1nct1on 

phase. This IS the correct solution as opposed to 25. The 

third example IS now presented. 

Example 3: The Self-Referent Content of Autobiographies. 

Th1s example will show three different procedures for 

solVIng the same problem. The FI~ST PROC~DU~~ does not make 

use of the correction formula. The SECOND PROCEDURE produces 

the correct 

correction 

solution to 

formula. The 

the problem and 

THIRD PROCEDURE 

employs 

contains 

the 

one 

author's Incorrect way of solv1ng the problem. In order to 

compare the differences 1n the three procedures used, a 

summary table IS prcv1ded, Let us now examine the problem 

and the var1ous procedures used. 

Suppose we were exam1n1ng the number of words 

referring to the self 1n autobiographies. 

as "Iu, "me", "m1ne", etc. were 

These words. such 

counted for 2000 

autob1ograph1es. These data yielded normal distributions 

With mu=290 and Slgma=36 for the 2000 autobiographies. We 

WISh to find the number of autobiographieS with 200 or fewer 

self-referent words per chapter. 

First Procedure 

In the first procedure, it would be tempting to 

calculate the z-scores 1n this way; however, 1t would be 

Incorrect. 

Incorrect Solution 

X - IIU 
z=---= 

s1gma 

200 - 290 

36 
= -2.37 

200 290 

F1aure 15, Portraying the Incorrect solution whereby the 
shaded area represents the probabilty of raw scores i 200 

The area under the normal curve 1s equal to .0069 which 

multiplied by 2000 <t~e number of autobiographies>. 

result IS 17.6 autobiographieS hav1ng 200 or fewer 

referent words per chapter. 

Second Procedure 

IS 

The 

self 

In the second procedure. it would be correct to 

calculate the z-scores 1n thiS way: 
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Correct Solution 

Formula 

X •1- correct1on factor - u 
z = 

Application 

200 T 0,5 - 290 

38 
200.5 290 

Figure 16. Us1ng the Correction Formula whereby the shaded 
area represents t~e probability of discrete raw scores i200. 

The area under the normal curve is equal to .0091 whiCh IS 

multiplied by 2000 !the number of autobiographies). The 

result IS 18.2 autobiographieS havtng 200 or fewer self 

referent words per chapter. 

Th1rd Procedyre 
This procedure makes use oi a method 1n whiCh the next 

number IS used. The Idea IS nearly correct but discreteness 

is not taken 1nto account. The desired area IS <200. and the 

number 201 IS used to obtain an area WhiCh depicts 201 

which is assumed to be 200 or less. The fact of the matter 

is that the line has area because, by definition. 1t has 

width. It is two-dimensional. It is true that i 200 2 < 200 

in the continuous case but 1n the discrete case. i 200 IS 

corrected by adding 0.5 • However. the z-scores were calcul

ated incorrectly as follows: 

One Hethod 

IX T 1) - u 
z :: 

sigma 

Application 

200 + - 290 
= ------ = -2.34 

5 

201 290 

Figure 17. One Hethod ot handling the correction tor 
cont1nu1ty whereby the shaded area represents the probabilty 
ot raw scores < 201 • 

The area under the normal curve IS equal to .0096 which IS 

multiPlied by 2000 <the number of autobiographieS!. The 

result is 19.2 autObiographies hav1n9 200 or fewer self

referent words per chapter. 

In order to compare the difference in answers among 

the three procedures, a summary table 1dent1f1ed as Table 4 

IS prOVIded next. 

Table 4 

Summary Table of Results Us1ng Three Different Procedures 

Procedure Number Results \ Error 

1 - No correction used 17.5 2.19 
2 - Correction used 18.2 0.00 
3 - Incorrect procedure 19.2 5.49 

Table 4 shows that us1ng an 1ncorrect procedure 

<procedure 3l to correct for cont1nu1ty (In discrete datal 

may produce an even larger error than not us1ng a correct1on 

formula !procedure ll. 

Discreteness Approaches Cont1nu1ty 

It should be noted that to use the Correction for 

Continuity, we add or subtract one-half of a point one more 

decimal place to the raw scores, Hence, in add1ng the 

correction, ~ would become 1.5 and in subtracting the 

correction 1.0 would become 0.5. Other examples are as 

follows: 2.50 would become 2.55 or 2.45: 4.665 would become 

4.6655 or 4.6645. and so on. 

We conclude this presentation by showing what happens 

when data are g1ven to more and more decimal places. We 

Illustrate by two examples. The first example !Example 4l 

uses data wh!Ch cons1st of whole numbers. The second example 

<Example 5l uses data With one decimal place. 

Example 4. Students' Grades <as whole numbersl 

Suppose we are g1ven a set of student marks and we are 

asked to convert them to z-scores. The marks in this set are 

g1ven to Integral values only. Horeover. suppose that the 

mean is equal to 63 and the standard deviation is equal to 



5. Finally, suppose we are asked the qu~st1on "WHAT 

PERCENTAGE OF STUDENTS WILL HAVE HARKS BETWEEN 60 AND 70 

INCLUSIVE?" The correct answer IS 69.12\. 

It would be tempting to calculate the z-scores 1n this 

way: 

Table 5 

Incorrecl Calculation of z-scores. 

60-63 3 
z = "' - = -.6 

1 5 5 

70-63 

5 

7 

5 

It would then follow that to find the designated area, first 

look up the area for z = -.6 11n Table Al. This g1ves you 

0.2257, Which IS 22.57\ and wh1ch represents the area from 

the mean to z = -.6 \or area 1n Sect1on Al, Then. look up 

the area for z = +1,4 wh1ch IS .4192. Th1s g1ves you 41.92\ 

which represents the area from mean to z = +1,4 ior area 1n 

Sect1on BJ. Add1ng the two y1elds: 22.57 • 41.92 = 64.49 !.· 

F1gure 18 shows th1s area. 

z-scores -.6 0 1.4 

\z = -.6l area = .2257 = A 
<z = 1.4i area= .4192 = B 

p,z = -.6 to 1.4) area= .6449 

Fiiyre 18. Non-corrected Result: Area between z = -.6 to z = 
I . . 

Technically speaking 64.49\ IS an Incorrect answer. In 

fact, many statistical textbooks 

The z-scores 

follows: 

of the extremities 

proVIde such solutions. 

should be calculated as 

Table 6 

CalcylatlOQ of z-scores ys1ng the correction formula. 

z = 
1 

60 -0.5 - 63 

5 
= -.7 z = 

2 

70 + 0.5 - 63 

5 
= + 1.5 

The requ1red percentage of students hav1ng marks b~tween 60 

and 70 inclusive should be determined as follows: 

First, look up the area for a z = -.7 in Table A <see 

Appendix Al, This g1ves you .2580 wh1ch is 25.80\ and 

represents the area from the mean to z ,7 lor area 1n 

Sect ion Al. Then, look up the area for z = +1,5 which 

IS .4332. Th1s gives you 43.32\ whiCh represents the area 

from the mean to z = +1,5 ior area 1n Sectton Bl. Add1ng the 

two yields: 25.80 + 43.32 = 69.12 \. WHAT PERCENTAGE OF 

STUDENTS WILL HAVE HARKS BETWEEN 60 AND 70 INCLUSIVE? Thus, 

69.12\ is the correct answer. F1gure 19 shows this area. 

z scores -. 7 0 +1.5 

(z =-.7l area = .2560 = A 
<z =1.5J area= .4332 = B 

P<Z=-.7 to+l.5l area = .6912 

Figure 19. Corrected Result: Area between z= -.7 to z =1.5 . 

Another way of looking at the question IS this. The 

tnstructor, by assigning Integral marks, has effectively 

assigned to all marks between 59.5 and 60.5 the number 60. 

Likewise, the number 70 has been assigned to all marks 

between 69.5 and 70,5. Thus. effectively. the statement "all 

marks between 60 and 70, 1nclus1ve" would mean "all marks 

between 59.5 and 70.5 in the preliminary marking process 

before the final Integral grades are ass1gned." Thus. the 

extremet1es 59.5 and 70.5 would be chosen for thiS problem. 

Figure 20 shows this situation. 

iz =-.7l area "' .2580 = A 
A E \Z =1.5i area= .4332 = B 

~·-,7 to~.SI ""' • ,6912 

z scores -.7 o •1.5 
Raw scores 59.5 63 70,5 

Figure 20. Portraying P CZ = -.7 to~.5i as Representing the 
Proporf1on of Raw Scores between 59.5 to 70.5. 
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What If? 

A question Whtch m1ght be posed 1s th1s. • What 1f, 

ass1gns marks whtch may not 1 ndeed, an 1 nst rue tor 

integral?" For instance. what if a student m1ght rece1ve 

mark of 72,4. or 85.3 or 79 l/2, 85 lt4, etc.? 

be 

a 

There 1s some hesitation by many Instructors to use 

such f1ne dlvlston of marks because 1t fosters, 1n the mtnds 

of students, a percept1on of something trivial or of llttle 

acc0unt. However, 1f mark1ng 1s pursued on this basts, the 

observattons here are s1m11ar to the case where 1ntegral 

grades only are asstgned and mantpulattons wtth z-scores are 

done 1n a stmilar manner. 

For instance, let us take the case of asstgnment or 

decimal grades and apply an example. 

Examples. Students' Grades (Wtth one dec1mal placel 

Assum1ng the standard deviation for a set of scores was 

5 and the mean was 80, " WHAT PERCENTAGE OF STUDENTS WILL 

HAVE HARKS BETWEEN 72.4 AND 85.3 INCLUSIVE:" The correct 

answer lS 79.47\ although 1t would be tempttng to calculate 

the Z-scores 1n thts way: 

Table 7 

Incorrect Calculation of z-scores. 

z " 
1 

72.4-80.0 

5 
.. -1.52 z = 

2 

85.3-80.0 

5 
:: + 1.06 

The correct procedure 1s gtven next and Involves ustng 

the Correction for Continuity. Th1s results 1n the following 

correct solution: 

Table.8 

Correct Calculation of z-scores. 

85.3 + 0.05 - 80.0 + 
z = "' 1 .07 

72.4 -0.05 - 80.0 
z = .. -1.53 

1 5 2 5 

The areas would be: 

NO-CORRECTION FOR CONTINUITY 

iz = -1.52l area" .4357 =A 
(Z = +l.06l area "' .3554 = B 

Area = .7911 or 79.11\ 

CORRECTION FOR CONTINUITY 

(z = -1.53) area= .4370 =A 
(z = +l.07l area = .3577 = B 

Area • .7947 or 79.47\ 

Figure 21 
z-scores: 

shows the appropr1ate area ustng 
A B 

the correct 

z-scores 
Raw scores 

~ 
-1.53 0 .. 1.07 
72.35 80 65.35 

ffigure 21. Portraying P\Z = -1.53 to .. l.07l as representing 
e proportton of raw scores from 72.4 to 85.3 

It should be clear also that differences between 

uncorrected and corrected results decrease w1th an tncrease 

1n the number of dec1mal places to whtch the data are g1ven. 

For 1nstance. in Example 4, where the data are given to 

1ntegers the uncorrected result is ~and the corrected 

result 1s 69.12\, a dtfference of ~ In Example 5. 

where the data are g1ven to one dec1mal place, the 

uncorrected result is 79.11\ and the corrected result is 

79.47\, a difference of .36\, Thus. the more dec1mal places 

1n the data. the closer the d1screte data is approximated by 

the continuous distribution. Hence. ul t uaately. 1f data 1s 

given to a sufficient number of dec1mal places. corrected 

results beco•e negl1g1bly dtfferent from uncorrected ones. 

Synops1s 

Social sc1ent1sts, stat1st1cal textbook authors, 

tnstructors of statistics and students need to make clear 

dtsttncttons between discrete and conttnuous dtstr1but1ons. 

As illustrated in this paper, m1sconcept1ons occur when 

dtscrete dtstrtbuttons are assumed to be conttnuous. In such 

sttuattons. the usual correct1on formula for continuity is 

necessary 

numer1cal 

but 1s often 1gnored. 

value may be calculated 

Thus, the 

tncorrectly. 

result1ng 

We have 

not1ced that few (if anyi authors of stattsttcal texts 



e1ther discuss or present th1s Issue. It would be helpful if 

1nstructors and authors of statiStical texts would clarify 

th1s type of appl1cat1on problem for the beneflt of 

students. 

In conclusion. 1t IS suggested that a numer1ca1 Index 

m1ght be worked out to dep1ct the degree of preciSIOn Which 

the raw scores might take on. This Index would g1ve us an 

Idea of the amount of error we would obta1n when discrete 

data are treated as 1f they were continuous data. 
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Append IX A 

Table A 

Aret Under the Nor11al Curve <between u and ;p 

.00 .01 .02 .03 .04 .OS .06 .07 

o.o .oooo .0040 .0080 .0120 .0160 .0199 .0239 .0279 
0 ,J .0398 .0438 ".0478 ,0517 .0557 .0596 .0636 .0675 
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 
0.3 .1179 • 1217 .1255 .1293 .1331 .1366 .1406 .1443 
0.4 .1554 .1591 .1626 .1664 .1700 .1736 .1772 .1606 o.s .1915 .1950 ,1965 .2019 .2054 .2066 .2123 .2157 
0.6 .2257 .2291 .2324 .2357 .2369 .2422 .2454 .2466 
1. 7 .2560 .2611 .2642 .2673 .2704 .2734 .2764 .2794 
1 .6 .4641 .4649 .4656 .4664 .4671 .4676 .4666 .4693 
1.9 .4713 .4719 .4726 .4732 .4736 .4744 .4750 .4756 
2.0 .4772 .4776 .4783 .4766 .4793 .4796 .4603 .4606 
2.1 .4621 .4626 .4630 .4634 .4636 .4642 .4646 .4650 
2.2 .4661 .4664 .4666 .4671 .4675 .4676 .4661 .4664 
2.3 .4693 .4696 .4696 .4901 .4904 .4906 .4909 .4911 
2.4 .4916 .4920 .4922 .4925 .4927 .4929 .4931 .4932 

* Note: to obta1n an area~ a ~-score, s111ply subtract 
tro• .sooo the area given-rn--Table A for that particular 
~-score. 

Table A 1s an abbreviated vers1on of the Area Under the 

Normal Curve. It IS given here 1n order to aid readers in 

their understanding of the z-score's assumed convers1on to 

the proportion of the area under the normal curve wh1ch 1s 

reported in the calculations given under each procedure. 

AppendiX 8 

Calculations tor EXa11Rle 

I • The Binomial D1stobut ion: 

n t n-x X 
<q + pi = C(n,xiq p 

x=O 

can be IIOd l f ied to: 
I 

I <H + Fi 
6

= ~ 
6-x X 

C(6,xiH F 
x= 

to produce: 

6 6 0 5 1 4 2 
CH + Fl = CC6,0i H F + CC6 ,1 l H F + C<6.2l H F 

3 3 2 4 1 5 0 6 
CC6,3l H F + CC6,4l H F + CC6,5i H F + C(6,6i H F 

6 6 0 5 1 4 2 3 3 
<H + Fl = CllH F + C6lH F + ClSlH F + C20lH F + 

2 4 1 5 0 6 
(15lH F + C6iH F + CliH F 

These results can be transfor11ed into a 
frequencies <see Table Bl: 

table of 

Table B 

Fttquencies of Halts and Ftmales in a lillDQmial DisttibutlQD 

Number of Nu11ber of Nu11ber of 
Occurrences Females Hales 

1 0 6 
6 1 5 

15 2 4 
20 3 3 
15 4 2 
6 5 1 
1 6 0 
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II. Hathegatical Calculations of probab1l1t1es: 

Probability of more than 4 out of 6 be1ng male: 

number of occurrences of 5 or more males 

total number of events 
= ( 1 + 6 l I l 1 + 6 .,. 15 .,. 20 .,. 15 .,. 6 .,. 1 j 

,. .1 094 

Probability ot more than 3 out of 6 be1ng temal~: 

nuaber ot occurrences of 4 or more females 

total number of events 

= ll + 6 + 15)/(1 + 6 + 15 ... 20 + 15 + 6 ... ll 

.3437 

III. CalculatiOn of Other Statistics 

The ~ and the standard deviation were calculated 

from these data : o;l.l.l.L1.1.2,2,2,2.2,2,2,2,2,2,2,2,2,2, 

2,3,3,3,3.3,3,3,3,3,3.3.3.3,3.3.3.3.3.3,3.4,4.4.4.4,4,4.4.4. 

4.4.4,4.4.4.5.5.5,5,5,5,6. The mean was calculated as 3 

and the standard dev1at1on was calculated as 1.22 • 



MISCONCEPTIONS ABOUT MOTIVATION IN TEACHING 

MATHEMATICS 

Erika Kuendiger 
University of Windsor, Canada 

When motivation theory is applied to school 
learning, it provides a framework that stresses 
the developmental aspects of a student's motiva
tion to learn and that, moreover, demonstrates how 
a student's motivational system and the own of the 
teacher are interlinked. Some aspects of the 
theory are applied to mathematics learning to 
demonstrate the usefullness of this theory. 

The importance of motivation for the learning of 

mathematics is well accepted. Moreover, it is 

generally accepted that it is the teacher's 

responsibility to motivate his/her students. 

Textbooks, written to prepare pre-service teachers 

for the challenging task of teaching mathematics, 

mostly deal with the issue of how to motivate 

students by stressing one or more of the 

following: good beginnings, life problems, 

recreational mathematics, math labs, etc. 

Hardly any rational for these suggestions are 

given, leaving the teacher alone to cope with the 

experience that his/her efforts sometimes seem to 

be successful, sometimes not. 

Motivation theory, based on attribution , has been 

shown to be suitable to explain the development of 

a student's motivational framework relevant for 
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school learning in general. Moreover, this theory 

provides a basis that enables teachers to 

understand their role in the development of their 

student's motivational framework. A recent summary 

of relevant reseach results, geared for pre-

service teachers , was done by Alderman et al. 

(198~). 

Below are s o m e highlighted aspects of the 

theory including some recent developments, which 

will give an idea of its relevance for the 

learning and teaching of mathematics in 

particular. 

The readiness of a student to actually live up to 

his/her potential when given a mathematical task 

that is his/her motivation to solve the task 

depends on variables directly related to the 

situation; in particular, as to what degree the 

situational variables relate to the student's 

motivational framework, developed according to 

former experiences. Two of these variables are 

e.g. the probability to be successful in solving 

the problem and the attractiveness of the task. 

Obviously the above suggestions for teachers can 

be looked upon as means to make the mathematical 

task attractive for students. But, if a student is 

convinced - due to former experiences - that 
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he/she will not be able to solve the task, he/she Table 1 

MOTIVATION PROCESS 
is ve~y likely to avoid getting sta~ted no matte~ 

how inte~esting the p~oblem is. Example 

Table 

1974) 

gives an example ( adopted f~om Heckhausen 

of a motivation p~ocess demonst~ating the 

impo~tance of cognitions involved in motivation 

and self-evaluation. The theo~y does not assume 

that these cognitions have to take place 

consciously each time. 

This pa~ticula~ example was chosen to demonst~ate 

that 

a) the decision to sit down and solve a math 

p~oblem no~mally is due to seve~al motives 

int~insic and ext~insic ones, 

b) it is of c~utial impo~tance if and how the 

task is ~elated to a student's long te~m 

p~oject; e.g. if a student is dete~mined to 

attend college and fa~ this needs an A in 

math, he/she will make many effo~ts to ~each 

this goal. In this case it could be 

i~~elevant as to how inte~~esting math is 

taught. The student might even p~efe~ a 

teache~ who only focuses on how to d o the 

tasks ~•levant fo~ the next exam. 

ACHIEVEMENT SITUATION 

COGNITIVE PROCESSES 

MOTIVATION 

ACTION 

COGNITIVE PROCESSES 

SELF-EVALUATION 

CONSEQUENCES FOR 
FUTURE 
ACHIEVEMENT 
SITUATION 

p~oblem of the week 

:-;t~d;~t-i;-i~t;;;;t;d-i~ 
p~oblem, 

- anticipates success and 
~ecognition by teache~, 
pee~s, 

thinks that p~oblem is 
~elevant fa~ next exam, 
needs a good math g~ade 
to ente~ college 

BUT would like to play 
football 

solves p~oblem successfully 

causal att~ibution of 
achievements 

I succeeded as I know my 
math, 
I discussed p~oblem with 
my father, 
lpe~ceives satisfaction) 

student is confident to 
solve the the next p~oblem 
successfully as well, 
if possible will ask his 
fathe~ to make success mo~e 
likely 



The model outlined in Table 1 not only describes 

the motivation process in one particular 

situation, but also when applied repeatedly 

the development of a student's motivational 

framework. 

Let us assume that a student repeatedly did not 

correctly solve the mathematical tasks given by 

the teacher. This has two impacts for the learning 

processes to come: 

Firstly, a more subject-matter directed one: the 

student's deficiency lessens his/her chance of 

reaching the following goal because of his/her 

fragmentary antecedent knowledge. Commonly in 

mathematics the subject matter is hierarchical 

in nature and is taught in this way, hence 

accumulating deficiencies are likely to appear. 

Secondly, a motivational directed one: failure 

can cause the student to make more efforts to 

compensate for these deficiencies and, if these 

efforts lead to success, the learning potential 

for continued learning is strengthened. If these 

efforts fail and if this occurs over and over 

again, a failure cycle is established <Shapiro 

1962). in which the negative motivational 

development and the lack of knowledge relevant 

for the next learning step affect each other. In 

analogy to this failure cycle, 

can be developed. 

a success cycle 

During the years at school a student develops a 

subject-matter related motivational framework 

including his/her achievement related self-

concept and causal attributions of success and 

failure. These latter variables in connection with 

sex-role perceptions have been found as being 

useful in explaining sex-related differences in 

mathematical achievement and course-taking 

behaviour. It is in the research area of 'Women 

and Mathematics' that motivation theory based on 

attribution has been applied most frequently in 

math education (see e.g. Wall eat et al. 1980, 

Schildkamp-Kuendiger 1982, Eccles 198~). 

In trying to understand the relationship between 

specific attributions 
1 

self-concept, and 

achievement,particular attention has to be given 

to 

1) how each cause relates to the three main 

dimensions of these attributions. These 

dimensions are1 causal stability, locus of cause 

and controllability < Wetner 1983, Hansen and 

0' Leary 198~1. For example, effort can be 

perceived as a stable or unstable cause , 

21 the motivational system a student has 

acquired, an aspect even more important for the 

school situation than the first one. 

Ames and Ames (19841 focus on the latter aspect. 
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They define three systems of student motivation. 

systems are: ability-evaluative, task 

mastery and moral responsibility. For example, in 

an ability-evaluative motivational system the 

student's attributional focus is ability-related 

and the self-evaluational and strategy focus can 

be characterized by questions like: "Am I smart 

enough? Can I do this?". For a student who acts on 

the basis of this system an effort attribution of 

math achievement means 1 " I am not smart enough, 

I need effort to succeed " This student probably 

will not choose to study math even if he/she is 

vary successful in solving math problems. 

On the other hand, for a student who acts on the 

basis of a task mastery system the attributional 

focus is effort-related and the self-evaluational 

and strategy focus can be characterized by:" Am I 

trying hard enough ? How can I do this ?" In this 

case an effort attribution of success indicates 

that a student will try harder in case of failure 

and will not easily give up because of perceived 

lack of ability. 

The conceptual framework of a student's 

motivational system proposed by Ames nd Ames seems 

to be extraordinary powerful for understanding 

the development of a student's self-concept of 

math ability. It seems to be worthwhile to re-

evaluate findings on sex-related differences in 

attribution patterns in light of this framework. 

Moreover, it presents a new view of the impact of 

teacher behavior that goes beyond the perspective 

of looking at the teacher as someone 

a) who controles the difficulty level of math 

tasks, 

b) who directly or indirectly influences 

students attribution of their achievement. 

his/her 

Instead 

, it might be possible by applying this conceptual 

framework to find out if the math learning 

environment created by a teacher promotes e.g. an 

ability-evaluative motivational system and if this 

math related environment differs from learning 

environments in other subjects. 

Research in this direction is also likely to add a 

new perspective to sex-related differences in math 

achievement and course-taking behavior. 

So far the role of the teacher has been looked 

upon as one of an outside agent in charge of the 

learning environment. In stressing that the 

teacher enters the classroom with a motivational 

system related to his/her ability to teach, Ames 

and Ames <1984) provide a framework for describing 

teaching and learning as an interactive process 

in which the teacher as a person is integrated. 

Applied to mathematics this framework can form the 



bagis for research focusing on questions such as: 

In what way does a teacher's own math learning 

history that is his/ her math self-concept as a 

learning, influence his/her motivational system 

related to the teaching of math? 

How does the latter influence hig/her teaching 

methodes? 

- Does a teacher - student circle 

particularly in the primary grades? This 

could mean that a female teacher with a poor 

math learning history creates an ability-

evaluative learning environment for her students 

in defense of her insecurity. This in turn, 

may have a negative effect particularly on 

her female students. 

Some of the above questions are being 

investigated in a research project in Windsor 

(for first results s. Kuendiger 1985, 1987). 

It seems that the importance of affect - related 

aspects in general, as well as the need for more 

elaborated frameworks has become more recognized 

in math education. Beliefs about mathematics and 

motivations related to the subject are more and 

more looked upon as important learning outcomes 

and less as factors promoting learning in a single 

instance only. 

For example ,at the PME- XI 1987 a whole series 

of papers focused on beliefs, attitudes and 

emotions <McLeod 1987>. Hopefully in the future 

these more complex views will be made available 

for teacher training as well. 
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University of Minnesota 

If yoo want students to desire knowledge, then give them a 
reason. If you want students to un:lerstan:l content, then 
define the 0Cll'¥:epts. If you want students to see the 
usefulness, then let them try it. If you want ur:rlel:'starrl 
to lead to higher-level questioni.n;, then let them create the 
questions! 

1. Introducti.cn 
In our rapidly chan;Jing world with its intensifying focus 

on problem solvi.rq ard eJ<pertise, new demarrls are constantly 

beirq channeled into the classroom. As scientific knowledge 

proliferates, infonnation selection becomes ll'Ore of a 

critical issue. Sadly, ImJch of the way we talk am act about 

education still seems to presuppose an bnage of the student 

as a retainer of, rather than a processor of e:xpe.rience am 
infonnation. We require students to menorize unintegrated 

bits of infonnation rather than helpi.rq them refine am 
structure their knowledge by useful employn-ent of it. We are 

ll'Ore concerne:l with what answers are given than with how they 

are prcx:iuced. Students therefore learn to solve problems by 

pluggirq given values into variables, am never adopt the 

conceptualization un:lerlyi.rq the problem. As a result the 

principles, constraints am contextual issues inherent in the 

content are never really grasped -- am thus forgotten within 

a short ti.rre. '!his shortcircuits not only retention, but 

also transfer (Trollip & Lippert, 1987). 

New corrputer technologies make it possible to deliver 

instruction in furdamentally different ways am allow for the 

possibility of radically different le.arnirq environments. 

Also, recent advances in urxie.rstarx:ti hew students solve 

problems in the science disciplines have given researchers 

hope that new tools can be developed to ~rove the quality 

of science education (Linn, 1987). At the same time they 

provide researchers with far oore powerful tools than ever to 

study hew students learn. 

Two of the main interests in science education research, 

misconceptions am problem solvirq, can benefit by usirq an 

instructional process an:i tool that artificial intelligence, 

in conjunction with cognitive science, have harded down to 

us. "It is clear that the application of AI research to 

education represents the potential for profoond char'qes in 

trying to 'l.ll'Xierst:aN what the student un:ierstarrls. 11 (Good, 

1987). nus paper proposes bringiig sane of the fruits of 

e:xpe.rt systems research to the COl"'llentional classroom, 
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discusses why the prqx>sed technique may enhance am e.xterrl 

existirq practices, arxi relates same initial experiences with 

its use. Features that will be discusse::l in this regard are 

the developnent of knc:Mledqe, problem solvirq, content 

structure, misconceptions, arxi the developnent of a learning 

strategy that is particularly con::lusive to the c:allJilation, 

inte:;Jration, arxi interaction of declarative arxi proc:e:lural 

knc:Mledqe. 

:2. Badcdrc.p: Slq:Jestia'lS fran recent WJrlt al misca1cept.ia1S 

('Ihis backdrop is supplied for the express purpose of 

illustratirq how the proposed new instructional process 

answers to past research rec:oii'Illlel'tions. ) 

Gocd intellectual performance in sciE!l"'C:e requires that 

scientific knc:Mledqe be used to solve diverse problems. 

students need to learn aba.rt: arxi practice scientific irquiry 

in such a way that they learn to develop questions am 
problems, recognize their own ideas arxi explore alternative 

ones (Osborne & Freyberg, 1985). In addition, students 

erqagirq in a scx::ial process of negotiatirq W'rlerstarxii.rq of 

scientific data arxi of developirq star.dards for inference, 

learn the definitions of variables, the rarqe of variables 

considered, arxi the acknowle::lged interactions anorq variables 

that are appropriate in particular instances. 

Reif (1987) discusses the inadequate concept 

intexpretation of novice students. He mentions: 1) 

invocation of J.cnc7..rl~e fragments, :2) lack of explicit 

applicability corditions, 3) knc:Mledqe storage versus 

process in], 4) lack of procedural intexpretation J.cnc7..rledqe, 

arxi 5) inconsistent arxi incorrect concept inter.pretations. 

To remedy this, he ~ests active practice in 8All.Yin:l this 

J.cnc7..rledqe in diverse situations, usi.rq this knc:Mledqe to 

detect arxi diagnose mistakes arxi misconceptions. What nrust 

be same of the essential characteristics of J.cnc7..rledqe to 

ensure that it can be used reliably arxi flexibly? 
1) 'lhe J.cnc7..rledqe ll1JSt be CXlherent so as to ensure ease of 

rememberin:J arn the ability to make inferences. 
2) Declarative J.cnc7..rleege ll1JSt be ac::cc:atpUrle::l by procedural 

J.cnc7..rleciqe that specifies what one ll1JSt actually do to 
decide whether statements are true or false. 

Otherwise declarative knowledge will be uninterpretable 
arxi ultimately meanirqless. 

:2.1 !ntegration arxi organization of knowledge 

Since irquiry arxi learning occur against the backdrop of 

current J.cnc7..rledqe, assimilation arxi acx:::at1!1'01ation are 

illp:lrtant processes that govem the continual growth am 
refinement of cognitive structure. Con:litions of 

acx:x:anmodation dictate that adequate groun::'ls for acceptirq new 

knc:Mledqe must take into account the character of the 

problems generate::l by its predecessor arxi the nature of the 

new theory's c::cmq;etition. '!here nrust be dissatisfaction with 

the existirq conception, the alternative conception nrust be 

intelligible, initially plausible, arxi have extention 

potential. Integrate::l urrlerstarxii.rq is rore likely to 

oc:atpete successfully with well-establishe::l, b.lt inaccurate 

intuitive beliefs. For exanple, learners taught to reason 
aba.rt: their new J.cnc7..rledqe arxi to question how it fits with 

their current ideas gain greater W'rlerstarxii.rq than those who 

are not erx::ourage::l to reflect on their own learnirq (Linn, 

1987) • Instruction focusirq on ~lex skills such as 

planni.rq problem solutions (such as CKB) can enphasize this 

self- regulation. 

Eoth expert-novice arxi misconception research has 

suggested that a salient characteristic of a person's 

J.cnc7..rledqe is the st::ruct:ure of that J.cnc7..rledqe (inclusive of 

both oontent arxi its organization) arxi that it is possible to 

assess this cognitive framework (Driver & Easley, 1978; 

Cl'lai!pagne, Klopfer, Desena & Squires, 1981; Sinon & Sinon, 

1977; larkin & Rainard, 1984). Stewart, Finley, arxi Yarroc:h 

(198:2) clailn that structural organization of concepts not 

only makes current infonnation rore W'rlerstarnable arxi easier 

to assimilate, b.lt also serves the learner in the acquisition 

of new knc:Mledge. A concept may take on enhan::::ed tnean.irq by 

beirq embedded within arxi relate::l to other concepts. 'lhe 

organization of subject matter knowledge is thus critical for 

later infonnation retrieval. 



Direct instruction in knowledge organization can be 

successful as for example \-hlen new ~ledge is taught 

t:hrough elal:::oration (Eylon & Reif, 1984). But teachi.rq rules 

ani even ~tive structure has proven to be of limited 

success if students are not simultaneously taught \-hlen ani 

\-hly to use certain rules -- the so-called applicability ani 

utility c:on::litions (Lewis & Amerson, 1985). 

2. 2 Problem sol virg 

'!here is ample evidence that sl<i.lled problem solvers 

operate fran a different k:rl0.111edge base than do less skilled 

problem solvers. They have :rrore domain-specific knowledge of 

causal principles, ani their knowledge is :rrore likely to be 

organized around these causal principles. Further:rrore, they 

have :rrore prerequisite procedural knowledge an:i better 

knowledge of the coooitions of application for various rules. 

Studies of expert-novice differences in !Xtysics problem 

sol vin; have foun:l. that experts use abstract principles to 

represent ani solve a problem, \-hlereas novices ten:i to base 

their representations an:i approaches on the literal or 

surface features of problems (Chi, Feltovich, & Glaser, 1981; 

Larkin, 1980). Experts evidently have discriminated \-hlen it 

is safe to rely only on surface features without accessin; 

the deeper structure of the problem. Teachers an:i t:.ext:l:lcxJks 

teach general rules, but provide no strategic advice aba.lt 

when to use them. Researchers like Larkin (1980) have foun:l. 

that teach.i..n;r students the heuristics that experts e:nploy 

pays off. 

Lewis ani ArXSerson (1985) state that problem solvers 

leam to awly appropriate actions from leam.in;J sets of 

prd:>lem features (schema) that predict the success of 

different problem-solv.i..n;r actions (operators). They maintain 

that students learn to apply an operator better durin; 

active, deliberate hypothesis testin;. The degree of 

conscious processing affects how well schema are acquired. 

q,erator schema are only formed \-hlen subjects actually 

.irx:x:>rrectly apply their operators arrl get feedback as to 

their errors. 

Gagne ard Smith (1962) fCllll'V:l that instructirq sb.rlents to 

verbalize \-hly they were mald.rq each li'O'Ve while sol virq a 

problem had significant effects on the number of m:JVes an:l 

the overall tilre on task. Ericsson an:i Si:rron (1984) explain 

that verbalization forces subjects to make inferences about 

their rrental processes an:i hence access information which 

would not be accessed if these inferences were not made. 

2.3 Verbalization 

Rumelhart an:i ortony (1977) advocate generalization an:i 

discr:ilnination as principal mechanisms for schema acquisition 

an:i :rrodification. But these only describe schema chan:]es, 

an:i are, in fact, not mechanisms for prcducin; them. In 

highly integrated schemata a shift to a neW' paradigm via a 

dialectical process must also take place. Arrlerson (1977) 

believes that students participatin; in a Soc.:catic dialogue 

are forced to deal with counterexamples to proposals an:l to 

face contradictions in their own ideas. 

2.4 Corxiitional knowledge 

cues learners use to select problem solutions appear to 

be::ane more relevant to the solution as expertise irx::reases 

(Linn, 1986) . '!his can be construed as planni.rq knowledge 

which evolves with experience (larkin, 1983). students can 

be introduced to the criticality of knowledge of c:on::litions 

an:i constraints by teach.i..n;r it in parallel with neW' concepts 

an:i rules. In this way content ani its structure is taught 

in an integrative way, instead of bein; left to the student 

to acquire intrinsically (Lippert, 1987). 

2 • 5 Metacogni.tia'l 

HC7trl do pecple decide what to txy next in solv.i..n;r a 

problem? HC7trl do they :krnl when they un::lerstan:i saDet.h..in;, 

an:i what do they :krnl al::x:ut what to do when they :krnl they 

don't un::lerstan:i? Knowledge about knowledge an:i personal 

function.i..n;r in referred to as metac:ognitive :krnlledge. Lack 

of such strategic knowledge can seriously impede problem 

solving capability (Brown & Palincsar, 1985; Sternberg, 

1982). Teach.i..n;r an appropriate executive strategy to monitor 

arrl control one's efforts can enhance the problem solvi.rq 
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abilities of mathematics students (SChoenfeld, 1985) • One 

:mechani.sm for conceptual ch.axqe would be to foster 

metacognition about solution selection durirq problem 

solvirq. Since le.arnin;J is goal oriented, the learner nrust 

organize his or her resources an:i activities in order to 

achieve the goaL Flavell an:i Wellman (1977) suggest four 

general classes of metacognitive kna·tledge: 1) tasks -

kna..rledge about the way in which the nature of the task 

influences performance on the task; 2) self - knowledge 

about one's own skills, st:rerqths, an:i weaknesses; 3) 

sb:ategies - kncMledge rega.rdi.rq the differential value of 

alternative strategies for enhancirq performance; an:i 4) 

i.nt:.eract:ial - kncMledge of ways in which the prec:eciin;r 

types of knowledge interact with one another to influence the 

cutcome of SOll'e cognitive perfonnance. 

2 • 6 Miscx:n::leptians 

'Ihe general agreement am:m::]st researchers in the area of 

misconceptions is that effectual conceptual ch.axqe is wrought 

by exposure or diagnosis, IOOdification via ideational 

conflict, an:i lastly, a ooncerted an:i active Ii1ase of 

aoc:x::IIIITOdation an:i consolidation. 'Ihis is in agreement with 

the information processirq paradigm W'h.ich eschews a 

generative an:i constructivist m:xiel of le.arnin;J. 

'Ihe existence of a misconception (hcMever localized or 

pervasive in its extent or effect) is attributable to a 

misconstruction, misrepresentation, or misappropriation of a 

certain segment of the subject-matter structure. Charrpagne, 

Gunstone an:i Klopfer (1985) mention that the characteristics 

of the declarative kna..rledge of beginni.rq !ilysics students 

in::lu:le poorly differentiated an:i \ll1CXX)rd.i.nated OOI'X:lepts, 

illprecise prq;x:si tia'IS ( eq. mre force means mre speed) , 

situation-specific E!lq)lanatory schemata, an:i a poignant 

absen::e of prin::iples. 

Diagnosis of misconceptions demards a retrieval of a 

representation of a pxtion of the subject-matter structure 
in cognitive structure. As such it permits the examination 

of: 1) the property lists which give mea.nirq to varicus 

concepts, anJ,!or 2) the overlap of property lists associated 

with pairs or grc::RJpS of concepts, 3) the varicus 

relationships between concepts, an:i 4) the decision strategy 

used in selectirq or evaluatirq concepts in 1~ menory. 

Varicus techniques currently available to depict ha..r students 

relate pairs of concepts, order concepts into larger 

structures, an:i ha..r this activity affects the acquisition an:i 

un:iersta.nd.in;J of new kna.rledge, are for e.xarrple: 

1) CDNSAT: Concept Structure Analysis Technique by 
Charrpagne, Klopfer, Desena an:i Squires (1981). 

2) CDNSIC: Concept Structure Interrelatedness catrpetence 
by Whaley an:i Novak (1964). 

3) Corx:ept mappirq an:i Vee mappirq by Novak (1981), an:i 
Novak, Gc:Min an:i Johansen (1983). 

3) Concurrent an:i retrospective thinld.rq-alc:ui protocols 
usirq word pairs, multiple choice questions with 
space for _justification of choice, sortirq, gt'alil 
oonstruct~on, free recall, an:i pro0lem solvirq. Eg. 
Larkin (1980), Simon an:i Simon (1977). 

4) Interviews about instances or events, parts of \olh.ich 
have been called the OOE technique (!Je:lronstrate 
Observe, Explain) ' 

While a useful l:x::x:iy of kna.rledge is accumulatirq on 

students misconceptions in science, less is known about ha.r 

to change those intuitive ideas (Osborne & Freyberg, 1985). 

Eradicatirq a misconception cannot be done by merely changirq 

or deletirq a sirqle fact or concept or rule, but demards a 

IID.lCh mre pervasive action due to the multitude of 

interrelationships of these entities. It is not just a 

localized sanitation, but reorganization of the entire 

propositional network. 

Corxtitions for successfully buildin:] on students' 

intuitive ideas (be they right or WI'Ol"¥1) require that 

teachirx;J nrust present new ideas in a plausible, intelligible, 

an:i fruitful way. Intelligible, in that it appears coherent 

an:i internally consistent; fruitful, in that it is perceived 

as eleqant, parsimonicus an:i useful. 

3 • 'Ihe prc:.oass of CXW'lStruct:..i a Jauol'lEdae base 

To the question, \olhy use the construction of kna..rledge 

bases as an instructional tool, the folla.rirq a.nswers can be 

given. It is a vehicle to teach students: 



1) Critical think:i.n:J through active employment of 
analysis, synthesis, ard evaluation. 

2) 'Ib think about their own t:h.i.nJd.rg (metacx::J;Jnition). 
3) 'Ib integrate knowledge within am between danains. 
4) To cultivate corrl.itional 'kr'la..rledge by think:i.n:J not 

only a00.1t ''what" ard "heM'', but to carefully weigh 
''1olhen" ard ''why" (con:litions ard constraints). 

5) Decision mak.i.n; in a variety of contexts, usin3' 
probabilities ard heuristics, by canbi.nirq both 
qualitative ard quantitative eviderx::e. 

6) To Ul'lCOV'er ard determine relationships, patterns, ard 
correlations. 

7) To formulate an:::i solve problems of design ard 
anal~, rather than mere transformation or 
manipulation. 

8) To reason qualitatively, instead of relyin3' on m.nnber 
c:runch.in;J. 

Before I atte:n;lt to argue the utility of this process for 

the prevention, diagnosis ard remediation of miSCXlllCeptions, 

let me describe the inplementation of it. '!he teacher 

selects a tc:pic that typically is hard to master due to its 

cc:trplexity by virtue of its abstract nature or its 

interrelationships with other tc:pics. Depen:iirq on the goal 

of the exercise, the teacher sets a bourdary to the size of 

the knowledge base, which essentially dete.rmines how many 

roles students will have to incorporate in the rulebase ard 

to what level of specificity conp:ments will be described ard 

dealt with. 'Ihe prime task for the student is to isolate the 

essential decisions that can be arrived at when one considers 

the topic. 'lbese then dictate what questions need to be 

formulated, so that their answers lead to the decisions. '!he 

final task is to set up a procedure by 1ohtich the links 

between question answers ard intermediate decisions lead to 

the final decisions. nus procedure is constituted of 

in:tividual rules in a corrl.ition-action (IF.JIHEN) format, also 

called productions. 

'!he teacher introduces the concept of an expert system, 

explains the format ard structure of IF.JIHEN rules, ard the 

logic behi.n:i the use of mathematical set theory to construct 

negations (00!'), conjunctions (AND) an::l disjunctions (OR). 

stWents are assigned to groops of two to fa.Jr, an::l begin by 

isolatin3' ard collect~ the information that mJSt be 

structured into a knowledge base. 'Ihi.s is an iterative 

process, as discussions aiOOrqst each other, with experts or 

consultants, or delving into the literature refine the focus 

arrl select the relevant issues. Typically this IX1ase of 
identifyin3' the content is the forerunner to the real 

exercise of debatin3' about the priority, interrelationships, 

ard sequence of material - the stage of defi.nirq ard 

explorin3' the representation ard inferencin3' strategy. 

'Ihe third stage involves assemblin3' the knc:7..rlejge base 

components: writin3' the questions, choosin3' the decisions, 

composing the rules ard explanations. I.an;uage suddenly 

takes on great meanirq since the need to be both succinct an:l 

accurate (as well as correct) surfaces. A real consideration 

urderlies this concern: If someone else is goin3' to use the 

system, will he or she be able to urderstan:l the logic, 

formulation an:l vocabulary? It is typically at this point 

that groops enter heated debates about representation of 

their collective urderstanding. It is a cc:trpeti ti ve effort 

to get it right, particulary when it ccmes to justityin3' a 

question or a rule by an explanation. In this feature 

in::lividual cc:trprehension is particularly salient. 

On typing the camponents into the expert system shell an:l 

running the infe.rer¥::8 tm3'lne 1 the faJrth ~I namely that 

of testing the representation begins. Frequently there will 

be errors of anission an:l re1u.t'x:Umcy, apart frau syntax 

errors that can be easily identified ard corrected. But just 

as often there will be an "Aha! Erlebnis" as students (as 

their own critics) discover the discrepancies in their 

t.h.inki.n:J as depicte:i by iroonsisten::ies ard false inferences 

that they ''unwitti.n;Jlyt tm3':ineered. They are betrayed before 

their own eyes an::l debugging becomes an in-depth seardl for 

conpleteness, consistency an:l correctness. Not all such 

errors are easy to remedy, since often the entire knowledge 

base has to be searched an:l reoodel.ed to beccme mre 

inclusive or coherent. At its '-'Crst, the koowledge base has 

to be arc:hltectured fran scratch. Typically this~ is 

ac:x::c:mpani.ed by spatial representation of the content 

hierarchy, such as flowcharts an:l decision trees. 
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280 'Ihe final {.i1ase comprises retestin;J arxi verification, arxi 

then validation by public airin;J, either by lettin;J SCJil'eOne 

use it arxi observin;J their responses am. reactions, or by 

ctiscussin;J it in a class settin;J (at which time quite a 

delightful dissemination of ideas arxi insights can occur). 

It is not uncx::tlli'!Cn that even after repeated refinement, a 

public airin;J can still Ul'lCOV'er lc:x:::JP'10les, thereby diagnosin;J 

deep seated misconceptions or other types of errors. 

ali.ld.irq Jax7«ledge bases lards itself to a variety of 

instructional strategies. 
1) With in:iividuals, pairs, in teams of up to 4 

students, or the whole class. 
2) 'Ihe teacher as expert consultant or p.1rely as 

manager. 
3) only considerin;J questions, or decisions, or rules, 

or the whole knc7.tlledge base. 
4) Students assigned to consult real experts, or to rely 

only on literature arxi their own knowledge. 
5) I<:oowledge acquisition by extraction solely fran print 

or interfaced with experimental work in the 
laboratory or cutside. 

6) As pen-am-paper exercise only, or also put into an 
expert system shell. 

7) As hanework assignment over days, 111e&ks, or a term. 
8) As revision, as enrichment or challenge, or instead 

of a paper or exam. 
9) As vehicle to prilllarily teach new knowledge, or as 

practice in problem sol vin;J an:J,I or reasoniiYJ. 
10) Deliberate cross-fertilization by whole group 

evaluation of in:iividual knowledge bases, or p.trely 
in:iividualized activity. 

11) Integration of iniividual Jax7«ledge bases to a sin;Jle 
product in whole group context. 

12) students try cut arxi critique each others expert 
syst:.emB by constructirq the decision trees an:i 
d:lecld.nq the logic an:i consistency that way, or usin;J 
the en-line versions an:i det.ermin.i.rg the ocmpleteness 
an:i oor:r:ect:ness by posin:J as real users. 

4. Methods by Wrlc:b tba em can functian in tba servioe of 

llli.scx:n::lep preventiat, di.agnosis an:i rEIIISdiati.at 

As in:iicated in the title, there are several roles that 

the cm can assume. As an advance organizer, say as 

pre-exercise to a large unit, the process can diagnosis 

students prior knowledge, especially if students IIUJSt design 

a knowledge base in:iividually. As an integral part of an 

instructional unit, it can serve the students as learnin:1 

tool, preventirq careless assimilation by actually c:x:JIP&l.lirq 

a rrore t:lla.lghtful processirq anvmable to ac:x:::x::1111'0tion. Of 

particular utility is the necessity to process the 

infonnation in Imlltiple representations (verbal, as well as 

pictorial such as concept maps, decision trees or flOINCharts) 

thereby strengtheJ'li.rq comprehension by sustaine::l. exposure. 

M.lch has been said in the literature about the 

fruitfulness of peer tutorin;J arxi cooperative learnin:1. As 

active mechanism to remedy misconceptions, the virtue of 

grapplin;J with the issue in an intense style as in a group 

constructin;J a knc7.tlledge base, cannot be overlooked. 8alle 

p..1pils are rrore influenced by views arxi explanations p.1t 

forward by other students, arxi this can be used to advantage. 

In fact, the burden on the teacher to deal with students 

in:iividually is largely dele:Jated to peers (who might be rrore 

ruthless, but might also have rrore effect). '!his is of 

course assum.irq that students actively participate arxi are 

not just passive onlookers. But then there are varioos 

strategies arxi incentives that the teacher can use to 

orchestrate CX~~petition arxi acx::::oontability. 'Ihe teachers 

role in definiiYJ the teams (balancin;J the presence of st.l:'or"¥; 

arxi 'Weak students) is nee::Uess to say critical to ensure 

healthy dialectics. 

Seein;J that conceptual charqe is usually a gradual 

process, arxi that the cm can be corducte::l. in a rrodular 

fashion, the teacher can assign the student to devise the 

questions, or any of the c:x::11.Tp)nents, arxi by Socratic dialogue 

ensure ooheren::y within c:x::11.Tp)nents, before flesh.in::J out the 

correlations arxi deperXlenc:ies between cx:mponents. 'Ibis 

usually occurs wben the rules are constructed, at which point 

the student can awreciate the full i:npact of his or her 

logic or knowledge. 

To capture their erroneoos beliefs grapucally, the 

verdicts in the rulebase can be sinullated practically to 

augment the CKB. If, for example, the topic is electric 

current, or gravitation, or light, experimental set-ups can 

function as showcases of the knc7.tlledge embcxtied in the 

knowledge base. ( 11'iou said: 'If resistors are placed in 



parallel, then let's do it arrl see whether yo..tr rule 

holds up in real life.") With I!'Ore abstract ard intangible 

themes such as heat, this is abvirusly not possible ard 

persuasion has to cx:x:ur by logical argument. 

4.1 A specific example 

Fhysics problem-solvirq requires refined skill in 

isolatirq the relationships between brportant facts, ard the 

corrlitions ard constraints that dictate how these are 

configured. Aside from a gcxxl knowledge base, students need 

to have a lucid urrlerstarxlirg of the organization of content 

matter in order to effectively use procedural knowledge in 

problem solvirg. 

Stardard textbook problems, based merely on recall, 

usually cater only for the direct application of one or I!'Ore 

previously learned fornu.llas. In contrast, process problems 

foster critical thi.nkirq ard creativity, since they require 

ncn-algorithmic strategies that integrate various fornu.llas 

ard laws into a coherent unit. Take for example the revision 

of the classification of matter. If the teacher is anxious 

to know how students have integrated the theory ard the 

practical experilnents, the followirg SOcratic procedure can 

be followed: 

students sha.lld volunteer the questions that need to be 

asked in order to c:crne to a conclusion 1olhat a particular 

substance is. 'Ihat could mean p.rrely decidirg on the state 

that a substance is in, or, I!'Ore decisively, 1olhere it is 

classified on the periodic table (if it is an element), or 

1olhat substances a canpourrl is COITqJOSed of. Students must be 

able to defend their propositions, that is, argue 1olhy these 

questions are important. '!hey must know 1olhat possible 

answers could be given to such questions. TaJd.rq all 

possible canbinations of answers, they must be able to 

project the plausible decisions. or take the reverse order, 

given that say three decisions can be reache:i: 

Dl It's a solid. 

D2 It's a liquid. 

03 It's a gas. 

What questions need to be asked to came to such a 
conclusion? And 1olhy? What logical rules connect answers to 

decisions? Note that the number ard content of decisions 

should be decided up front, in order to effectively define 

the domain, ard restrict or adapt the size of the knowledge 

base to a desired instructional function ard age group. 

Ql: Is the substance a 

al. solid? 

a2. liquid? 

a3. gas? 

(Students cx:iUl.d be led to see that a foo.rt.h ~ion is 

possible: I don't know. How should such a response be 

incoipOrated? or, 1olhat if the user of the knowledge system 

insists that it is a mixture of two states, or even all 

three? Is there also a fourth state?) 

Q2: Is it 

al. an element? 

a2 . a C0ll'p01.U"d? 

a3 . a mixture? 

(What concepts must students urrlerstard in order to 

distin;Juish between the answers to both questions? What will 

be gained fran knowirg a particular answer? 'Ihat is, 1olhy is 

this question critical? Which question sha.lld c:crne first: Ql 

or Q2? or, 1olhat sha.lld the next logical question be? What 

rules can be stated?) 

Rl: If Qlal ard Q2al then Dx 

If it is a solid, ard an element, then 

R2: If Qlal ard Q2a2 then Dy 

If it is a solid, ard a C0ll'p01.U"d, then 

Here Dx ard Dy starrl for intermediate decisions in the 

process of establishing the final goals. 

R3: If it is a liquid element, ... 

R4: If it is a gasecus mixture, . . . etcetera. 

Explanations can be added to decisions ard rules. Repeated 

''why" pratpts duri.rg on-line questioni.rg alla.r traci.rg of the 

logic chain logic (inference) wilt into the program 

explaini.rg 1olhy a particular question or decision was given. 
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So far the kn<::Mledge base may look deceptively siltple, 

rut already these two questions an:i the connection between 

their at1S1NWS will have elicited cxmsiderable t:hi.nki.nq with 

such fundamental cxmcepts as the kinetic theory, ratio of 

atoms, particle spaci.ng, boili.ng or freezi.ng points, 

separation mechanisms such as evaporation, etc., an:i not just 

mere t.hi.nld.nq about =ncepts. constructi.ng l<rlowledge bases 

thus forces students to think deeply an:i prcxiuctively about 

the intrinsic characteristics an:i relationships of a topic. 

It ought to be apparent that the instructional process 

a.1tlined above confroots students with their own cognitive 

stJ::ucture as they have to create a structural representation 

of what they have ~y learned. It tests their 

declarative knaNledge (eg. vocaOO.lary), their conceptual 

Jcna.rledge (eg. how {Xlysical c:harqes vs chemical c:harqes 

btplicate the state of matter), their procedu.ral Jcna.rledge 

(eg. how classification can be =rrlucted), an:i their 

cx:>n::litional knowle:ige (when am why a certain process occurs 

or principle applies). As such it soon displays their 

mis=nceptions, or information that is absent or redundant. 

Before students can decide what question should be asked 

first, or why a pazticular question should be asked at all, 

(that is, the necessary an:i sufficient =n:litions), 

fl.lndamental issues such as the hierarchy of the subject 

matter, an:i the interrelationship between the varicus 

Jcna.rledge elenents (concepts) have to be clarifie:i. As a 

vehicle to teach problem solvi.ng, students are confrooted 

with the characteristic problem solvi.ng stages, namely 1) 

identifyi.ng an:i un:lerst:.an:iin:1 the problem, 2) devisi.ng, 

pla.nni.N;J, an:i explori.ng possible strategies, 3) acti.ng on 

these strategies, an:i 4) evaluati.ng their effects. Thereby 

students should be able to conceptualize, define, an:i analyze 

problems, seek a.1t appropriate data, formulate key questions, 

discover patterns an:i silnil.arities, transfer skills an:i 

strategies to new situations, an:i to becc:me familiar with 

experimentation. 'Ihey soon ootice that there is mre than 

one way of canst:r:ucti.n:;J a kn::Mledge base, rut that there are 

certain strategic plans that limit the search space, that is, 

converge on the critical elements so as to reach a =nclusion 

in the most efficient way possible. 

'Ihe ll'Oiular format of a prcxiuction system is particularly 

amenable to a.nnulative assimilation of knaNledge. For 

example, once students have mastere:i the rudimentary 

classification of matter, the l<rlowledge base can be 

progressively exterxie:i to in=rporate the structure of the 

periodic table, chemical borrling, atomic structure, etc. 

Students can thereby foreseeably integrate their entire 

learning in a domain. What's IOOre, they can integrate their 

learning across domains, such as interfaci.ng chemistry an:i 

{Xlysics, where there is a =nsiderable overlap of principles 

an:i procedures. 

4. 2 Evaluaticrt of Sb:dents 1 Knaoiled1e Bases 

What should be the criteria by which students' efforts 

are to be judged? It is very easy to detect siltple

min:iedness (a very linear flow) rut harder to awraise the 

camplexity of the l<rlowle:ige incorporated into the Jcna.rle:ige 

base. 'Ihe latter requires a careful analysis of the manifold 

relationships forge:i between knowle:ige elements. 

Evaluation must always address both camponents evident in 

a l<rlowledge base or expert system, namely the a:rrt:ent an:i its 

organizaticrt. It is easier to assess the content than the 

structure, bJt typically it is the structure that students 

have most problems with. An:l it is the structure that is 

ultimately responsible for the c:harqe in students cognitive 

knowledge base - a main reason for the CKB process in 

instruction. Sane helpful evaluation heuristics follow. 

A. size 

Just looki..nq at the size of the knowledge base is 

deceptive, since inference po.ver usually does not lie in 

runnber of rules, bJt in the way that rules are formulated an:i 

ordered. 'Ihus it is utterly possible that two equal size:i 

Jcna.rledge bases can be poles apart: Cln8 posi.ng only strategic 

questions, \oohile the other only coveri.n:;J a small percentage 

of the questions possible in the particular dana.in. 



!3. Vocabu].ary and number of concepts 

An appraisal of the number of basic concepts ard the 

accuracy ard relevancy of the te:rmi.nolo;y used gives a gocd 

hint of the ooverage of knowledge in the knowledge base. 

c. Number of questions per rule 

'Ihe interrelationships of concepts arx:l the depth of 

knowledge perta~ to a particular decision is illustrated 

by the arrount of information called for to make that specific 

decision. nus is of course in opposition with the well

kn<::MI fact that true experts often make decisions on the 

basis of very little data, and often do so by sheer 

recognition procedures. With students, one is still dealing 

with novices in transition to experts. Criteria cannot be 

applied too strictly, since students displaying SOire nvaasure 

of expertness in a given domain might have a smaller number 

of questions per rule, than someone who still deals with 

information very exhaustively. In the final analysis 

efficiency ard effectiveness are the yardstick to use. 

o. Number of top goals, and number of subgoals attached to 

each top goal 

'!he extent of a domain under consideration is usually 

defined by the number of top goals (final decisions). Vital 

interrelationships are depicted by the number of intermediate 

decisions (subgoals) necessary for validation of a given 

final decision. nus shews the nestedness of the dc:main. 

'!he logic construct of "necessary arx:l sufficient corditions" 

becx::mes a valuable evaluation criteria. 

E. Depth arxl breadth of t1)e decision tree 
A decision tree is a good visual aid to track not only 

the extent of the knowledge considered in the rulebase, but 

also serves to display the number of alternate answers ard 

how these lead to different conclusions. A decision tree is 

essentially a navigation chart, showing lines of reasoni.n1, 
alternate inferences, ard varioos interrelationships. 

F. Q;mpleteness 

Are all the essential cc::up::ll'lents represented? look at 

the number of con::::epts arx:l the nature of the decisions . Are 

all possible cases within the domain acx:nmted for? 

G. correctness 

What answers are used to validate v.hich decisions? 

Lookirq at the list of associations, are any misconceptions 

evident? Is the advice given by the expert system 

appropriate? What are the basic assumptions underlying the 

reasoni.n1 used by the expert system? 

H. Coherency and Consistency 

Are the relationships that were forne:i correct ard 

c:::arrplete? 'I11at is, do things han;J together well, or does 

missing knowledge result in discontirrui.ties or false 

conclusions? Is the same advice or prescription given for 

the same case at all tilnes? Are any contradictions present? 

I. Conciseness 

Is there an apparent economy, elegance arx:l Sl!DOthness of 

decision execution, or is the knowledge base loade:i with 

redurrlant information? '!his can often be seen in the 

rulebase when large chunks of previously established goals 

ard associated data are either repeated in subsequent rules 

or replaced neatly by the decision validated earlier. '!he 

designer's awareness of priority, hierarchy ard patterns 

becomes evident in the way that the rules are formulated arx:l 

ordered. It is the ordering of rules in particular that 

displays the designer's understarx:i.in:J of the structure of the 

knowledge 1..lNier consideration. 

5. Benefits of the c:xnrt::ructioo of Janiled}e bases 

If these then were scme of the overt mechanisms in which 

the Cl<B can be incorporated into instruction concerned with 

misconceptions, 'lohlat are the accaipanying oovert processes 

that the Cl(B addresses? 

l) An awareness that actions ard fin:lin;r.; should be 
critically examined. 

2) Clarity of 'lohlat to look for, the brportance of a result. 
3) 'Ihe perception of a purposeful an::i useful activity. It 

is a relevant activity since they have the freedom to be 
creative, l:.x::lur¥i only by the format of i.rp.1t of the text 
editor. 

4) An awareness of own fur.dalnental assumptions and of those 
implicit in scientific theory. 
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5) students are ac::camtable for their construct and can 

relate or ~!)(plain their thinki.ng and interpretation. 'Ihe 
deman:.i for consistency aoon;r their beliefs about the 
world are ll!q:Jressed \J!Xln them. 

6) Sane sense of the fruitfulness of new conceptions 
advocated by others in the group. 

Posner, Strike, Hewson and Gertzcq (1982) call for 

science to develop instruction that creates ideational 

conflict, as well as organizirq instruction so that teachers 

have tilDe to deal with students 1 misconceptions. 'Ihey 

suggest representirq content in multiple lOOdes (verbal, 

mathematical, pictorial, concrete-practical) to aid students 

in the organization of their knowledge. Teac:h.irq ailre::l. at 

aCXXlll'I!OOdation should develop evaluation techniques to help 

the teacher track the process of conceptual chan;Je, and 

organize instruction so that teachers can speni a substantial 

portion of their time in diagnosirq errors in student 

t.h.in1dn;J and students 1 resistance to ac:x:x:mm:ldation. 

In Jirf opinion the CKB fulfils all these suggestions. 

In::lividual stu:ients' analyses are elaborated and mcxlifie:i by 

other stu:ients analyses. Inevitably, controversies arise, 

usually identifiEd because of differences in interpretation. 

Typically, students with alternative beliefs attenpt to 

convin:::e others of the validity of their ideas. As an 

:inlividual or group defen:ls a position, the c:lOn::epts become 

better exposed and define:i, and un:lerlyirq a.ssunptions and 

propositions are stated e)(plicitly. 'Ihe net result is that 

stu:ients are e)(plicitly aware of their analyses of the 

situation and the need to reconcile it with scientific 

OCII'Xlepts and propositions (as set forth in the literature or 

the verdicts of experts in the field). 

Students can't get away with mald.rg noises that soom 
scientific. 1<nc:Jwi.rq ];tlrases or terminolcqy without 

urxierst:ardi.n the conceptualization un:terneath them is soon 

exposed and displayEd several times durirq construction: 

namely in decision trees and the formulation of questions, 

decisions, and ~irq rules. 

'Ihe rule-base derronstrates tarqibly whether students 

connect c:lOn::epts in an integrated way, by 1olhat criteria they 

are grouped, 1olhat relationships students use to link 

concepts, whether these relationships are idiosyncratic or 

whether they confonn to relationships specifiEd by subject 

matter specialists. For exanple, students typically have 

problems with the simultaneous chan;Je of several variables, 

which often is the case in a dynamic process such as heat 

transfer, or con:iuction of current. 'Ihe use of qualitative 

questions forces the student to consider the functional 

relationship between variables, since they cannot 

automatically apply algorithms in a mechanical manner. In 

the CKB they are tested on this score. If experts are 

characterizEd by the power of their qualitative heuristics 

that they employ in establishirq a prablem-solvirq strate:y, 

the use of CKB would be a productive method to nurture this 

capability in students. 

Verbalization is an i.nportant c:x:zrq;:onent in conceptual 

chan;Je. While students in groops of two or mre decide on 

the content and structure of the knowledge base they are 

actually forced into a self-activatirq and sustainirq 

Socratic peer tutorirq m:de. ''What will happen if ... ?" and 

''Why will it happen?" and ''Why do ycu say that this is a 

prerequisite/antecedent to this question or decision ... ?" and 

"In 1olhat order do you propose that these elements be placed?" 

and ''What are the necessary and sufficient conditions for 

this to be true?" and ''What are other alternatives to ... ?" 

and "How can this be };tlrased unambiguously?'' are typical 

questions an:i oamterquestions that students wa.Ud use in the 

dialectic process of oan.irq to an agreement that synthesizes 

their inti vidual Ul"lderstardin. In essence the process is 

an appeal to reflect, consider and critically judge 

conditions, constraints, actions and consequen:::es, and to 

reveal these 1:.1'la.lght processes in the form of knowledge base 

c:x::mponents. 

Group projects typically generate a t.remerxious amount of 

cooperative learnirq tllr'oogh peer interaction. 'Ihese 



intl:a-group interactions contribute to versatile cognitive 

grc:M:h because it is a direct confrontation with different 

interpretations. The p.lblic airirq arrl defense of a system 

also provides an opportunity for cross-fertilization of 

creative ideas that is not readily available through other 

means. Much incidental learnin;l' takes place as students 

bec'Ome focused researchers while extractin;l' infonnation from 

"experts" (print or humans). The rigor required in definin;l' 

the rules forces students to read the literature in a very 

directed fashion, seeking answers in much the sarre way that 

adva.rce organizers cause students to survey text. Intrinsic 

I!Ptivation is engaged through curiosity, conceptual conflict 

arrl cilal.lenqe. Students see the consequences of their 

decisions am solutions, arrl thereby can bec'Ome the 

interpreters of the extent am l.i.Jnitations of their ~ 

conceptualizations of reality. 

From an infornation processin;l' perspective I derive the 

followin;l' explicit predictions concernin;J the utility of CKB: 

1) CKB consists mainly of elaboration an::i organization. 
Elaboration adds infornation, while organization adds 
structure to information. 'Ihis has immediate benefits 
for encoding an::i retrieval. 

2) Generalization am discrimination facilitate pattern 
reo:lgl1i.tion am action sequencirq, which are two main 
manifestations of procedural knowledge. 

3) Students will be able to cx:mnunicate their problem 
solvirq in a systematic way, usirq a scheme that models 
scientific thought. 

4) Students bec'Ome llUlch oore aware of the dimensions and 
representation of a problem. 

5) Analysis, synthesis, an::l evaluation are chief cognitive 
processes in CKB, thereby teachin;l' students to reason. 

6) The entire CKB procedure denxmstrates a learn.irg strat.e:y 
that relies on lucid acq:uisition, representation, storage 
and utilization of knowledge. 

5.1 Partia.llar benefits to the st:::I..Dent 
In the construction of a knowledge base students are 

actively engaged in usirq knowledge of cordi.tions am 
constraints to tie declarative arrl procedural knc:1.11edge 

together into a mean:irqful unit. As a problem solvirq task 

the CKB relies on a thorough synthesis of the content domain. 

'!his is the vital difference between solvirq a number of 

problems hopin:J stlxients come to a synthesis ard o:::lgni.tive 
organization themselves, versus gi vi.rq them a task that 

forces them into a synthesis trode with cont.e:x:tual feedback as 

to their effectiveness in achlevirq it. Students are 

creative, instead of in rote, mechanistic problem sol vin;l'. 

5. 2 Partia.llar benefits for the inst::ructo:r 

Enpirically the CKB carries some promise as a new 

teachin;l' as well as learn.irg strat.e:y. It is a new process 

to trace char:ges in cognitive structure as a result of 

instruction, to explore the relationship between knowledge 

structure an::i problem solvin;l', and to attune students to 

m:mitorin;l' their own learn.irg by deliberate Iretacognition. 

It is an instructional process that addresses the 

higher-order thinJd.n;J skills in a rich way, allows for much 

in:lividualization, and lastly promises to be a new way to 

identify and confront misconceptions. It is also a promisin;l' 

testin;l' procedure to replace traditional tests that are 

insensitive to structure, errors of omission and intrusions. 

Theoretically it allows new insights into learn.irg of 

intellectual skills and cognitive representation am action. 

Thus it will have spin-offs for schE!IM.ta an::i infonnation 

processirq theory. Greeno ard si.Iton (1986) believe that 

human thinJd.n;J can be modeled as production fornation. This 

process can show how effective a deliberate attempt at havin; 

students think in cordition-action fonnat can be in norrral 

instruction, and so contribute to instructional psychology, 

COl'l'pUter-based education, an::i cognitive science. 

6. Researc:b results 

What effect does the new instructional process have on 

the integration arrl evolution of both declarative ard 

procedural knowledge? can the effect .be attrjp,.rted to the 

emOOa,sis on corditional knowledge in the construction of a 

Jsnowledge base? 

The followin; excerpts are fran a 1987 summer project in 

which varic:us freshman P'lysics st1..k:U:m.ts constructed an on

line knowledge base on projectile I!Ption. 
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Q: "What have yru lea:med about projectile l!Dticn as a teSUlt 

of the CXI:'lSt::ru::: of this Jax:wled;Je base?" 

Sl: "I learned new relations arrl J1E!Io/ ways of organizi.rg the 

information. I learned the mechani.cs of air resistance, 

what factors are involved. I l<rlaol mre definitely W'hat 

to look at arrl for in problems, ani in what order to 

consider t.hirqs." 

S2: "I've analyzed am organized rrrt th.:inki.rq. It's been so 

chaotic that up till ncM I •ve not been able to organize 

it ani fit it together with everyt:hi.rq else. It's oore 

refined." 

S3: "When I started I thought of projectile ootion only in 

cartesian coordinates, no air resistance, constant force 

field, etc. Now it's arry object undergoi..rq acx::eleration 

in arry force field. Air resistance for exanple is rarely 

negligible." 

Q: "HoW would yru solve prci>lems OOW', an::1 lotlat typ! of 

problems would yru be able to solve JOI?" 

Sl: "I would look at the whole problem rather than just the 

equations. Before I would not have been able to harrlle a 

problem like an crld shaped thi..rq falli..rq with win:!. arourd 

an:l be able to draw force vectors ani determine the 

path." 

S2: "'lhe idea I had before was that there is no air 

resistance, an::l ro.~ it's wrked itself up to a DDJCh oore 

ccmplex system. Like how to handle the curvature of the 

earth an::l the Corriolis effect. I fonnerly knew just 

that gravity acted an::l somethi..rq larrled. Now it's a 

whole range of t.hirqs that came into play. Usually I 

just put numbers into equations. Now I have a DDJCh 

better u:nderstan::ii.rq where the equations cane fran, how 

they wrk, how they go together. 'Ibe principles behin:l. 

them." 

SJ: '"!be value of CKB is that yoo don't just learn how to use 

an equation, yoo. leam how to solve realistic p:rOOlems. 

'!he designer of the 1a'lcMledge base to focus on all 

aspects, variables ani their effects on the problem." 

6 • St.mllla.ry 

Many mistakes exhibited by students are traceable to 

knowlegde that is fragmented ani uninterpretable. 'Ibe 

construction of knowledge bases aids refinement of 

daM in-specific knowledge due to greater degrees of 

elaboration duri..rq en::xxii.rq, greater quantity of material 

prcx::essed in an explicit, cx::herent context an::l thus 

prcx::essi..rq in greater semantic depth. Elaboration greatly 

enhances encod.i.rq, which in tum interacts with retrieval, 

since " ... how it is retrieved depen:ls on how it was stored" 

(Tulvi..rq & 'Ibamson, 1973). Spatial representation of 

knowledge duri..rq construction (via decision trees) an::l duri.rg 

validation (via fla..'Charts an::l dialogue traces) allows a 

recordirq, non.itori..rq an::l assessment of students' dynamic 

cognitive organization, thus facilitating remediation. 

'Ibe CKB approach illustrates the value of lea:rnirq by 

doirg with the learner as an epistenolo::,ist. It depicts the 

perception an::l u:nderstarrlirg of the student: Is the daM in 

seen as only a collection of crld an::l unconnected facts, as 

conflicti..rq facts, or as a ccmplex of interrelated 

quantities? Only when the formal structure of the problem is 

perceived correctly can missin;r data be appreciated, an::l 

surplus infonnation draw attention to the necessary an::l 

sufficient cordi.tions inherent in the interrelationships. 

stu:ients can plot their decisions an::l associated rules in a 

tree-like format, as they respor.d to the prarpts of the 

shell, thus seeing the hierarchical structure, subsumpt.ions 

an::l branc:h.i.rg they built. 'Ibey can correct, e:xpard or erase 

features an::l retest the rule-base aver again - until they 

are persuaded that their representation is ccmplete an::l 

correct. It is this facility that is unique as an 

instructional tool, an::l particularly attractive since it does 

not deperd on the imnv:di.ate presence of the instructor. 

Students are no lorqer spectators an::l imitators in p:rOOlem 

solvirq, but en;ineer their ~ solutions (Lippert, 1987). 



7. O::n::lusia"t 

I believe that many of the processes involved in rational 

ronceptual ~e am gra.rth are inherent in the construction 

of a knowledge base. Tacit knavledge becomes salient, schema 

specialization am generalization takes place, attribute 

isolation leads to careful definition of tenns arxi roncepts, 

arxi a great deal of meta<Xlg11i.tion is involved as students 

explore the cxmtext am coherency of their CMn knowledge, 

while seei..n; others present ideas in plausible, intelligible 

am fruitful ways that lead to viable ac::c:omm::x3ation. It is a 

pramisi..n; alte:rnative to practice am drill that short change 

the developlrel1t of vital <Xlg11i.tive skills that problem 

solvi..n; in real-life situations deman:i. When the CKB process 

is linked with e:xperilrentation am visual illustrations, the 

overall process emulates scientific inquiry. Conceptual 

~e is a gradual process with no quick am easy solutions. 

'Ihe CKB too, is a tedious, thaJgh thorough process. What 

might ultimately vote in its favor is the enjoyment am 
meanirqfulness of this procedure, as quoted from those that 

have gone through the process. 

Lastly, CKB as an instructional strategy is a practical 

application of new technology, an integration of various 

research themes, has the potential to increase fl.Jn:lamental 

\li"Derstan:iin;J of science 1~, am to yield re.~ views of 

teac.h.irg am goals for the curriculum. 

8. SaE further resean:h cpest.iaiS 

What is the nature am extent of the interaction between 

declarative, cx:n:iiticnal am procedural knowledge in 

prcduci..n; a clear urrlerst.arxiin of cxmtent, which in tum 

facilitates prd:llem solvi..n; skill? Are gains in these 

S];:heres related an:l/or cc:mparable? 

What factors play a role in the success of the CKB 

process as a problem-solvi.rq tool? Spatial ability, 

analytical ability, lcqical ability, familiarity with problem 

cxmtext arxi cxmtent? Hav is mtivation to learn affected? 

Hew is retention of facts am problem-solvi..n; skill 

effected over time? 

HO« will this activity (if :ilrplemented over sane weeks in 
a cooperative style) affect the socialization amongst 

students? What are the constraints on time am size of 

knavledge base for a given age group? 
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To adequately understand a scientific experiment is in 

large part to understand science itself. The experiment 

contains all the elements that comprise the scientific 

enterprise: an intellectual tradition, a problem situation, 

instruments, human intellectual creativity, practical craft-

skills, data, interpretations. Thus reflection on 

experiment~t~on provides an avenue for the understanding of 

science. But this avenue has not always been followed, 

indeed it has been little travelled compared to the highways 

of emp~ricism and rationalism where the undcrst:anding of 

experiment has been little developed. The former seeking to 

understand science as an observational activity whereby a 

largely inert mind, or tabulae ~· looks at and records the 

world in its, preferably, undisturbed state. The latter 

rationalist tradition down-plays observation, and stresses 

the role of the active mind in coming to know the world; in 

formulating satisfying, elegant and metaphysically consistant 

accounts of the working of the world. In particular this 

tradition emphasises the role of mathematics in scientific 

understanding, and the deep-seated mathematical 

intelligiblity of nature. 

In the ancient ~o·orld Aristotle took the first path and 

Plato the second. Subsequent efforts at understanding 

science have largely followed in the iootsteps of one or the 

other. From the Scientific Revolution onwards we can see 

Bacon, Locke, Hume, Whewell, Mill, Mach stressing the 

Aristotelian, empircist, observationalist aspects of 

science. 1 The logical positivi&ts of the twentieth century, 

and even their most formidable opponent Karl Popper, 

continued this tradition of seeking to understand science as 

fundamentally an observational activity, albiet a 

sophisticated one. On the otlu:r hand Plato has not been 

without progeny. His is the tradition that has stressed the 

primacy of reason over observation in the understanding of 

the world. As Plato put it in the Thcatatus "we see through 

the eye, not with the eye." Descartes and Leibnit<: are in 

this tradition, as are (loosely) those post-positivist 

philosophers of science who stress the theory dependence of 

observation (Hanson, Kuhn, Laudan). 

There has been a minority of philosophers who have 

sought to answer the perennial questions of scientific 

ontology, epistemology and methodology by focussing upon the 

scientific experiment. Here the key element of science is 

not the scientist as spectator (neither an observing nor 

contemplative one), but tlte scientist as a manipulator, 

intervenor and creator of circumstances in accord with 

reason. This experimental path to the underr;tanding of 

science had of course to wait for experimentation to be 

developed as the method of science. 

contribution. 

This was Galilee's 

The early champions of the Scieutific Revolution failed 

to recognize the enormity of the change that Galilee and 

others had wrought upon science. 2 They failed to appreciate 

what Galilee himself claimed for his work: 

was a "new science of a very old subject. " 3 

Immanuel Kant was the first to 

namely that it 

recognize the 

decisiveness of the Galilean break, and the epistemological 

consequences of the new mathematical-experimental science. 

In the Preface to the Second Edition of his Critique £f ~ 
Rea son he says 

When Galilee caused balls, the weights of which he 

had himself previously determined, to roll down an 
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inclined plane 

students of nature. 

a light broke upon all 

They learned that reason has 

insight only into that which it produces after a 

plan of its own, and that it must not allow itself 

to be kept, as it were, in nature's 

leading-strings, but must itself show the way with 

principles of judgement based upon fixed laws, 

constraining nature to give answers to questions of 

reason's own determining. 4 

Kant's central claim "that rea£un has insight only into that 

which it produces after a plan of its own" is the basis of 

the experimentalist understanding of science. It is at 

fundamental variance with the empiricism of Aristotle and 

later like-minded methodologists. By stressing activity, 

production and intervention it is at the same time at 

variance with the rationalism of Plato, and subsequent 

idealist and purely-mathematical methodologists. It did not 

suffice for science to merely create a plan, no matter how 

elegant and metaphysically agreeable: 

embodied in practice. 

the plan had to be 

Karl Marx had a profound appreciation of Kant's insight. 

Thus his stress on practice as being epistemologically 

important; as mediating between our plans of the world and 

the world itself. 5 Engels in commenting on the then debate 

between chemists concerning whether organic molecules could 

be synthesised from inorganic molecules says the answer lies 

in practice, in "experiment and industry." We prove the 

"correctness of our conception of a natural process by making 

it ourselves. 116 John Dewey developes this experimentalist 

tradition in his stress on doing as a condition of knowledge, 

and his mistrust of 'pure' experience as a basis for 

understanding.7 The French historian and philosopher of 

science, Gaston Bachelard, cogently developed Kant's insight 

in publications prior to the second world war. 8 

(Unfortunately, they were little recognized by the dominant 

positivist school of philosophy in Europe and America. Much 

of what was so revolutionary in Thomas Kuhn's account of 

science was already to be found in Bache lard's writings.) 

These writings were publicised mainly through their 

endorsement by the briefly-popular French Marxist philosopher 

Louis Althusser.9 

This paper will illustrate some central tenents of the 

experimentalist comprehension of science by focusing upon 

features of Galilee's physics. In his epochal physics we can 

recognize the importance of reason, intellectual 

constructions, and most importantly mathematics; but we also 

see the importance ot embodying these intellectual plans in 

the material world, of transforming circumstances so that 

nature can unambiguously answer questions we put. 

Galilee's experiments are, in an Hegelian sense, the 

objectification of the scientific mind. The experiment is 

the vehicle whereby the scientific mind knows itself and 

transforms itself. 

The picture of experiment to be elaborated has 

consequences for scienc.: pedagogy: how people learn to do 

science, and the skill!. and mental abilities involved in 

being scientific. 

It may be that the account of experiment here 

illustrated has lessons for the constructivist account of 

epistemology, 10 this because of the stress on material 

factors and craft skills in the testing and elaboration of 

knowledge these aspects being oft-overlooked by the 

rightful constructivist emphasis on intellectual concepts, 
ll models and creativity in the growth of knowledge. 

II. GALILEO' S MATHEMATlZATION OF PHYSICS 

The thesis can be well illustrated by following 

Gali leo's on-going debate with Guidobaldo del Monte who was 

perhaps the greatest physicist of the sixteenth century and a 

mathematician of note. 12 He was an Aristotelian and a dogged 

empiricist. 

mathematics 

What was at stake was the legitimacy of adopting 

as the descriptive and analytic language of 

physics; and the bearing that observation and experience was 

to have on the mathematically expressed and proven laws of 



physics. Here in embryo are the elements for the empiricist 

and the rationalist readings of Galileo. But as well, the 

debute with del Monte lays uut the slowly developing unique 

contribution of Galileo to phydcs: namely separating the 

behavior of everyday objects, which is given in exp~<rience, 

from the properties of mathematised, ideal objects, which are 

not given in experience but are the subject matter uf 

science. And once this separation of real and scientiiic 

objects is recognized, his reliance on carefully planned and 

executed experiments to vindicate the constructed properties 

of the scientific object, 

Galilee's earliest work in mechanics was a student essay 

on the conditions of equilibrium uf a balance ~ Bilancetta 

1586) .13 The beginning of the divide between del Monte and 

Galilee is seen here, as is the beginning of Galilee's 

contribution to the mathematization of physics. Galileo 

represents the physical balance -- a plank, suspended by a 

rope, on which is placed weights -- by a straight line, 

divided at a point, with vertical forces superimposed. The 

real object in the world is depicted as as a mathematical 

object. Given this depiction, Galileo proceeded to prove a 

new theorem about centers of gravity: if weights in 

arithemetical progression are equally spaced along the arm of 

a balance, their center of gravity divides the arm in the 

ration of 2:1. This proof gained Galileo the esteem of 

prominent mat he mat icians in Italy and abroad, including del 

Monte. 

Del Monte admired the mathematics but decried the 

physics. Clearly the depiction (familiar to all secondary 

school students) did violence to the facts. The physical 

balance plank was three dimensional, and of uneven 

composition; its fulcrum was an area, not a point; its 

weights inclined to the earth's center, they did not hand 

precisely parallel. Science, or physics, was to be about the 

behavior of everyday, real objects in the world. These were 

gross, messy, and imperfect. only by falsifying the facts 

could they be depicted mathematically. In a critical letter 

to Galileo he says: 

These men are moreover, deceived when they 

undertake ro investigate the balance in a purely 

mathematical way, its theory being actually 

mechanical; nor can they reason successfully 

without the true ruovement of the balance and 

without its weights, these being completely 

physical things, neglecting which they simply 

cannot arrive at the true cause of events that take 

place with regard to the balance.l4 

This treatment of the balance is the beginning of 

Galilee's separation of the theoretical or scientific object 

of knowledge, from the real or actual objects of the world. 

It is the beginning of the method of idealization in science. 

Such idealization being a prerequisite of mathematical 

representation. 15 Yet what is distinctive of Galileo is his 

conviction that the truths proved for the scientific object 

are, in some way, applicable to the world: that a 

mathematical physics was possible. His account of experiment 

shows the way in which this applicability holds. 

The major work of Galilee's Pisan period (15&8-1592) was 

his De ~. 16 This is a brilliant Archimedean application 

of Euclidean argucent to physical situations, 17 Although 

brilliant, it was by no means novel; 18 nor was it unflawed. 

For our purposes it is Galilee's treatment of the balance 

situation which is of importance. In one stroke by 

treating the balance arm as the diameter of a circle 

Galileo was able to unify the treatment of motions of a 

balance, of balls on an inclined plane and of free all. All 

of which physics had previously treated separately, this 

largely because, following Aristotelian principles, the 

circumstances were all given differently to experience. 

To give some feeling for Galilee's project let me 

reproduce his treatment of how the speed of free fall relates 

to the speed of descent of the same object on an inclined 

plane. 
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Galileo represents the circumstance geometrically, with 

the inclined plane at a tangent to the circle encompassing 

the balance arm. He addresses the problem this way: 

But with how much greater 

force a body moves on EF than 

on GH will be made clear as 

follows, viz. by extending line 

AD beyond the circle to 

intersect line GH at point Q. 

Now since the body descends 

on line EF more readily than 

on GH in the same ratio as the 

body is heavier at point D that 

at point S, and since it is 

heavier at D than it is at S in 

proportion as line DA is longer 

than AP, it follows that the 

body will descend on line EF 

H 

more readily than on GH in proportion as line DA is longer 

than PA. Therefore speed on EF will bear to the speed on GH 

the same ratio as the line DA to PA. And as DA is to PA, so 

is QS to SP, ~. the length of the oblique descent to the 

length of the vertical drop... Consequently the same body 

will descend vertically with greater force than on an 

inclined plan in proportion as the length of the descent on 

the incline is greater than the vertical fall. 19 

In all of this there is no observation, no measurement, no 

recording of time, much less inductive generalization from 

numerous instances. It is a theoretical and conceptual 

effort. (Remember, time was then being measured by the 

weight of water flowing from a container.) 

say: 

Galileo in an historically crucial amendment goes on to 

But this proof must be understood on the assumption 

that there is no accidental resistance .•. We must 

assume that the plane is, so to speak, incorporeal 

or, at least, that it is very carefully smoothed 

and perfectly hard •.• And the moving body must be 

perfectly smooth, of a shape that does not resist 

motion... that weights suspended from <t balance 

make right-angles with the balance. 20 

Galileo has a law of moments which was conceptually 

arrived at; the result of what Alexandre Koyre called 

"thought el<.periments". 21 Galilee recognizes that it is not 

true of actual balances. However his efforts are not purely 

idealistic, as he tries to enunciate the practical conditions 

under which the behavior of actual bodies would come to 

mirror that of his theoretical object. He has a recognition 

that scientific laws must be accompanied by a statement of 

caeteris paribus clauses. Del Monte points out that balances 

as we see them do not behave according to Galilee's law, and, 

further, his conditions of applicability of the law could 

never be realized. Consequently, according to del Monte, 

Calileo errs in believing his sophisticated mathematics can 

do double duty as physics. 

world, not an imaginary world. 

Physics is to be about this 

The physical concepts --force, heaviness, speed --are 

not simple givens of experience or observation. They are 

intellectually constructed categories which are applied to 

the world. Further his diagrammatic representation with its 

points, lines and parallels -- is not given in experience but 

is the result of applying mathematic£: to the manifold of 

experience. Galileo knows that he is taking liberty with 

this experience. He shocks del Monte and other empiricist 

opponents by freely admitting that: 

for the purpose of thl!se proofs I am assuming as 

true the proposition that weights suspended from a 

balance make right angles with the balance -- a 

proposition that is false, since the weights, 

directed as they are to the center [of the earth 

and universe] are convergent. 22 

Galilee's De ~ physics is still largely medieval in 

its problems and style. It is a youthful work written whilst 



he was in his mid-twenties. His analytic concepts of force 

and heaviness were still conceptually confused. lndeed 

"heaviness" was to remain to the end an unresolved confusion 

-- he never freed himself from the Aristotelian idea that 

heaviness was a measure of a body's desire to return to its 

natural place, the center of the earth. 23 

But Galileo in large measure divorced the concepts of 

science from the immediate everyday concepts of common sense 

so characteristic of Aristotelian science. He asks his 

audience to imagine that the wooden plane is "incorporeal"! 

Nature was addressed in mathematical terms, and her answers 

read by calibrated instruments many of which he himself 

crafted. 2.4 His mathematics and proto-theory enabled him to 

ask precise questions; questions that simply did not occur to 

those unfamiliar with mathematics or to those who eschewed 

its application to physics, Above all geometry gave Galileo 

the plan for the construction of experiments and the criteria 

for the interpretation of results. 

Galilee's experimentalism consisted in constantly trying 

to perfect the actual balance in the direction o£ the ideal 

balance, The relevant variables for improvement were given 

by the mathematical constructions and the associated physical 

theory. They were itemised in the caeteris paribus clauses. 

As an experimenter, and a technician, Galileo strove to 

eliminate progressively more sources of error. 25 In other 

words, his experiment was meant to be theory objectified, the 

ideal realised. 

In contrast to Aristotle, Hume, and modern inductivists, 

the Galilean theoretical starting point was not a real 

object, nor observations of such, rather it was an 

intellectually constructed, ideal object a scientific 

object whose salient properties were then imperfectly 

reproduced in experiments. And as they were imperfectly 

so also were they imperfectly tested by reproduced, 

experiment. Gal ilea was not a naive falsificationist. A 

constant refrain is: 

"I admit that the conclusions demonstrated in the 

abstract are altered in the concrete •.. we must 

find and demonstrate conclusions abstracted from 

the impediments, in order to make use of them in 

practice under those conditions that experience 

will teach us." 26 

That is, Galilee's laws do not dpply to the behavior of 

bodies as we actually see them, only to behavior in 

rigorously constrained experimental circumstances, and even 

then only imperfectly. Conversely, one well constructed 

experiment tells us all we need to know: it does not have to 

be repeated, there is no need for inductive searches. 

The account of experiment here developed is well 

illustrated in Galilee's treatment of the supposed isochronic 

motion of pendulums. I have dealt with the subject 

elsewhere. 27 Suffice here to say that del Monte knew from 

experience that actual pendulums were not isochronic, that 

the weight of the bob did effect the period of ossilation, 

and that whatever approaches to isochronism there were in 

long pendulums this was diminished as the pendulum length was 

shortened. In other words the law ~f isochronism, so central 

to Galilee's mature physics -- his proof of velocity varying 

with time and distance with time-squared -- was not true of 

actual pendulums. Such failure 

Aristotelians and empiricists for 

is a 

whom 

problem 

the real 

for 

and 

scientific objects are conflated, it is not a problem for 

Galileo, 

Galileo' s account of the pendulum also illustrates the 

powerful, unifying fupction that geometry played in his 

physics. By depicting the pendulum as having a length half 

that of the balance in his De ~ diagrams, he was able to 

conceptually unite free fall, balance, inclined plane and 

pendulum motions 
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He had shown that if velocity or free-fall varied with 

time, then in inclined-plane motion the terminal velocities 

of all planes of the same vertical heighth were the same. 

The velocity ot a 

ball at B, C and D 

were equal. 

Further the time of travel was proportional to the 

lengths traversed 

time AC 

time AB 

AC 

AB 

In an inspired and difficult move, he asked how far the 

object would fall in free-fall along AB whilst a similar 

object was traversing the incline AC. 

This was given by 

constructing a right angle 

CD to intercept the 

extension of AB at D. 

Thus the same object 

travels AD in the time it 

travels AC. ll ~·' 

Because ACD was a right-angled triangle Galilee knew he 

could construct a circle 

around it on AD as diameter 

A 

c. 

But then all chords beginning at A will subtend a right 

angle when joined to D. Thus the time of travel along all 

chords in a circle for objects dropped and rolled from A is 

the same. 

The pendulum circumstance is simply this diagram turned 

around, or looked at from another perspective. 

Galilee has provea that 

the time of free travel 

along CD and ED (and 

any other chord to D) is 

the same. This is close 

to the law of isochronism. 

lt need only be 

established that if time 

along the chords are 

equal, then so to is time 

along the corresponding 

arcs. This he does. 

Having shown all this in the abstract 28 he was assured 

that a pendulum suspended at 0, having a weightless string 

and a bob experiencing no air resistence, would swing through 

CD and ED (and any other smaller arc) in the same time. That 

actual pendulums did not do so, reflected not on his theory 

but on the construction of the pendulum. 

!IT. SOME PEDAGOGICAL LESSONS 

The elaboration of Galilee's physics, and in particular 

his fashioning of the mathematical-experimental method, 

provides the occasion for canvassing numerous issues in 

science pedagogy: the role of historical case studies in 

science education; the cognitive presuppositions for 

understanding and embarking upon mathematical science; the 

appropriate role of observation and observation skills in 

science; should curricula reflect the logic of discovery in 

science or the logic of justification?; the influence of 

science in other areas of human endeavor; the place of 



mathematics in science education. These issues, and others 

besides, can all in some way be illuminated by more careful 

appreciation of the Galilean achievement in physics. 

I wish here to make only a limited claim, and given the 

tenor of my argument so far, perhaps a somewhat surprising 

one: let children be good Aristotelians before trying to 

develop them as modern scientists. As Hegel said of 

philosophy, so also of mathematical science: 

wing at dusk. 

let it take 

It took the human race many thousands of years to get to 

the situation where Galileo' s breakthrough in science was 

possible, it took the genius of Galileo a life-time to make 

it. One should not serve children the end product, rather 

~et them learn by traversing some of the earlier ground. As 

weight-lifters say "no pain no gain." 

Aristotle was a great observer of the heavens and the 

earth. To look at nature as it is and to ask questions about 

it, is an accomplishment for children. There is not much 

gain, and a great deal of loss, when children are taught a 

model of the solar system without ever looking at the sky, 

without being able to recognize a planet when it passes above 

their heads, without having to figure out for themselves why 

the earth could be spinning and moving through space yet we 

not fly off it, and why balls dropped, from towers don't fall 

miles away. 

Galileo 1 s mathematisation of physics required enormous 

intellectual and conceptual effort. So does the 

understanding of his achievement. There is now a great deal 

of evidence from cognitive-developmental studies that shows 

that children, and indeed university students, do not have 

the intellectual resources to master such material. 29 

Without it, their repetftion of mathematical formulae and 

conceptual definitions becomes mere parrot-talk. They may as 

well learn a shaman's incantations. 

The great bulk of science teaching results in children 

(and university students) falling between two stools. They 

don't have the interest in, and appreciation of, nature that 

Aristotle with his purposive metaphysics and his ceaseless 

observation and cataloguing of the plant ana animal worlds 

developed. 30 Nor do they develop the sense of wonder and 

excitement that Galileo felt when he realized that when 

abstracted, the world was material specifics were 

fundamentally mathematica1. 31 Aristotelian-like nature study 

gives way too soon to Galilean-like mathematical science. 

If science education is done slowly, reflectively, and 

in keeping with the interests and capacities of children, 

then gradually the idea of an idealised, experimental-

mathematical methodology can be introduced. The common-

experiment can be the occasion for stressing the 

conceptual, creative dimension of science; the practical 

craft-skill aspects of science; the instrumental-dependence 

of measurement; the central tension between reason and 

observation in the development of science. 

The fundamental pedagogical and epistemological 

stumbling block is that scientific laws do not describe the 

behaviour of actual bodies. 32 The gas laws, inheritance 

laws, Newton's laws, Piagetean stages etc. -- all of these 

describe the behaviour of ideal bodies, they are abstractions 

from the evidence of experience. The laws are true only when 

a considerable number of disturbing factors (itemised in the 

caeteris paribus clauses) are eliminated. This can seldom be 

done (for the law of inertia, by definition it is impossible 

to eliminate the secondary factors). The art of 

experimentation is to progressively try to do so. 

On the positive side, this Galilean idealisation (the 

defining characteristic of modern, non-Aristotelian science) 

is a feature of all cognition and language use. The terms 

"democracy", "gross national product", "flower", "triangle", 

"tree", "good person" etc. are all labels that apply only 

imperfectly to any actual, concrete, state of affairs. In 

using language we all the time pick out essential features of 

a situation and ignore others: we abstract. Consider how we 

use the word "science" itself. Abstraction is a feature of 

all cognition. If this can be pointed out by everyday 
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examples, then students can be progressively prepared for the 

abstractions of mathematical physics, and progre&sively 

weaned from the constraining influence of empiricism. 
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Introduction 

The majority of researches on alternative frameworks and 

common sense knowledge points out the analogies that can be 

elicited between the common way and the scientific way of 

giving meaning to reality. At the same time, however, also 

differences are mentioned and the need for a "conceptual 

change" in scientific learning is stressed. 

The aim of this work is to recognize both analogies and 

differences, and to discuss differences manly, between common 

sense knowledge and scientific knowledge, firstly from a 

general point of view, secondly by reporting the experience 

gained in a specific context. 

Scientific knowledge and common sense knowledge: some general 

considerations 

In 1938, Bachelard pointed out that, both from the 

historical and the individual point of view, scientific 

know ledge is 

from common 

built up through a progressive differentiation 

sense and therefore by overcoming the 

"epistemological obstacles". 

"Une experience scientifique est alors 
une experience qui contredit !'experience 
commune .•.. elle manque de cette 
perspective d'erreurs rectifiees qui 
characterise la pens~e scientifique." 
(Bachelard, 1938) 

Overcoming does not mean, in Bachelard's rationale, to 

remove obstacles but to include them in an "epistemological 

profile" (Bachelard, 1940) which is typical both of the 

specific concept and of individual thinking. 

What is changing, in the different parts of the profile, 

are the experiences and the "theories" used to give meaning 

to the experiences. In general, the differences in "game 

rules" used in the different stages of the profile, which 

generates the obstacles, remains implicit. But what are the 

rules of common sense knowledge? Carlo Ginzburg, an Italian 

historian, proposed for human sciences a "circumstantial 

paradigm" (1979), versus the "Galileian paradigm", typical of 

natural sciences. In a "circumstantial paradigm" what matters 

are the differences, and not the analogies. The same happens 

in life, and in common sense knowledge. Small differences, 

small "signs", enable Sherlock Holmes to solve the enigma; or 

Frate Guglielmo in Umberto Eco 1 s "The Name of the Rose" to 

describe the Abbott's horse without having seen it; or the 

wise farmer to forecast weather. 

On the contrary, natural sciences follow the Galileian 

paradigm and aim at simplicity, coherence and generalization. 

The results they get, with these "epistemological 

committments" (Hewson, 1985) are fundamental but they concern 

only relatively small portions of reality. As reality i! a 

complex matter, to apply the rules of science to know it 

means to simplify it. It is like intersecting a complex n

dimensional solid with a plane: what we obtain is only a very 

"special representation" of the solid. If we use different 

planes, every section corresponds to a different discipline 

or to a different part of a discipline, a different level of 

reality, with its own "facts", "theories", and "rules". 

Common sense knowledge itself corresponds to a level of 

reality. But the surface representing it is not a plane but a 

complex surface: nearer to reality for some aspects, but more 

idyosincratic 

knowledge. 

and difficult to define than scientific 
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In order to pass from a level of reality to another, and 

then from common sense knowledge to scientific knowledge, a 

change of the system of rules is necessary. 

Following Russel and Whitehead, this kind of change 

belongs to a different logical type compared with a change 

which takes place within the rules. The latter is called by 

Watzlawick and others (1975) a "change-1", the former a 

"change-2''. Watzlawick suggests the following example of a 

"change-2'': nine points, arranged as in the figure, have to 

be connected with four consecutive straight lines. 

• • 

• • 
figure 1 

As Watzlawick pointed out, 

only by considering the problem 

• 

• 

the solution can be found 

hypotheses and rules, 

including the "tacit" and "implicit" rules and taking a 

decision about their pertinence. In the previous example, the 

rule: 

"the four straight lines have to be drawn inside the square 
defined by the nine points" 

is a very common "tacit" rule, which is not set by the 

problem itself, and could become an obstacle in finding a 

solution. 

Change-2 is a kind of change which enables us to pass 

from a system of rules to another, from a level of reality to 

another. 

According to Bateson and Watzlawick, learning is linked 

to these two different kinds of change. Bateson (1972) 

recognizes different kinds of learning: learning-1 that 

corresponds to rote-learning; learning-2 that corresponds to 

meaningful learning but without any meta-cognition of the 

game-rules; and learning-3 , where the meaningful learning 

goes together with the awareness of both game-rules and the 

particular point of view generating such rules. In order to 

pass from one kind of learning to the other, a change-2 is 

required. 

In this perspective, looking at common science knowledge 

(a general system of rules) from the point of view of science 

(a different and more defined system of rules), aiming at 

understanding the former, will be an unsuccessful strategy. 

Instead, looking separately at both levels of reality enables 

us to perceive different rules and schemata. Asking a pupil's 

opinion about a single fact, or a single isolated concept, 

like pressure or gravity for instance, could hide the complex 

network, the conceptual map which lies behind, or around, 

every concept. In fact, differences can be found not only in 

specific concepts, or in broader conceptions, but in the 

conceptual networks, in different relationships 

different facts established by different theories. 

Design of the research and first general results 

between 

With this rationale in mind, the research I carried out 

in the course of three years foresaw a qualitative analysis 

of different conceptual maps in scientific and in common 

sense knowledge, and a quantitative analysis of these 

differences within a group of students from secondary school. 

On the qualitative side, for every concept or group of 

concepts, taken into account, I compared a "scientific" 

conceptual map with a "common sense knowledge" map. 

Obviously, these maps are .not ''individual" maps but general 

maps derived the one from the history of science and current 

text book, and the other from previous researches using 

individual or group interviews. 

On the quantitative side, the research aimed at 

comparing the scientific knowledge acquired after a two or 

three years physics course, in different types of secondary 



schools, with the knowledge pupils have before physics 

teaching. 

Five physics "topics" were explored: three of them 

linked to the curricula ·"Inertia", "Force", " Electric 

Circuits" - and two derived from common sense problems 

"Light and vision", "Pressure, Weight and Gravity". 

On these five topics, and their respective conceptual 

maps, five questionnaires were built in two different forms 

suitable to be /administered before and after the physics 

course. 

The questionnaires consisted of free answer questions, 

mostly concerning the meaning students give to basic words 

used, and multiple choice questions, asking also for an 

explanation of the answers. 

The whole sample consisted of 600 secondary school 

students, aged from 14 to 18 years, and coming from three 

types of secondary school (humanistic, scientific and 
technical). 

Since not all the students were asked to answer all the 

questionnaires, we have different samples for the five 

different topics. Besides, the pre-instructional and the 

post-instructional forms are designed to be very similar in 

order to allow a comparison between the answers. 

Table 1 shows the results obtained for the three topics 

Inertia (I), Force (F) and Pressure, Weight and Gravity (P) 

(1 refers to the pre-instructional form, 2 refers to the 

post-instructional form, no number refers to common items). 

Every scientific answer supported by a correct 

explanation - scored 1 point. The value of mean x, and the 

standard deviation G, compared with the number of items, show 

how difficult it is to master a coherent and meaningful 

scientific view of reality, even after a physics course. 

Table 1 - Results of I,F and P questionnaires 

11 ll Fl F2 F Pl P2 p 

Number of students 174 19S 369 282 263 S44 229 SIB 

Number of items 12 28 12 20 23 20 20 19 18 

Mean 3.01 11.36 4.0S 6..34 9.44 7.4S S.32 6.80 .5.62 

Standard deviation 1.8.5 4.44 2.36 2.41 3.72 3.11 2.50 3.60 3.29 

Cronbach a .478 .767 .642 A07 .719 .637 .S30 .766 .741 

In Table 2 the results of the Analysis of Variance, 

calculated for different variables gathered by means of a 

background questionnaire, are shown. It is easy to observe 

that differences in sex and time spent on the task are more 

significant in Inertia and Force questionnaires than in the 

Pressure questionnaire. 

On the contrary, father instruction and mother 

instruction are more significant in the Pressure and Gravity 
questionnaire. 

questionnaire. 

The same result occurs in the Light 

It therefore seams that performances in 

questionnaires more linked to "common sense knowledge" are 

less dependent on sex and time spent in task, and more 

dependent on the family's level of culture. Specific teaching 

improves this performance, as it emerges from the high 
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significance of the variance for "year of course11

, 

will not cancel this preexistent difference. 

Table 2 - Analysis of Variance 

Background Variables 

Sex 
Year of course 
Father's instruction 
Mother's instruction 
Further education choice 
Interest on Physics 
Attitude toward science 
Time spent 

I 

. 01 

.00001 

.08 

.IS 

.06 

.02 

.14 

.00001 

F 

.00001 

.00001 

.24 
• 26 
.04 
.0004 
.02 
.0006 

but it 

p 

.OS 

.00001 

.01 

.04 

.02 

.04 

.01 

.13 

In the following I will present in some detail the 

i i P e Wel'ght and Gravity, and some quest onna re on ressur , 

qualitative and quantitative results. 

Pressure, Weight and Gravity: common sense knowledge 

Researches carried out in Italy from 1981 (Dupre' et 

al., 1981) (Vicentini, 1982) pointed out that both adults and 

children perceive the concepts of force of gravity and weight 

as separate. Furthermore, people often assume that gravity 

and/or weight have to do with the presence of the air and/or 

atmospheric pressure. 

Other researches on gravity (Gunstone and White, 1981) 

and on forces (Watts and Zylbersztain, 1981) confirm this 

dist!nction between gravity and weight, together with a 

possible connection with the presence of air. On the other 

end, researches on pressure and on atmospheric pressure 

(Engel and Driver, 1981) highlight other kinds of 

difficulties related to the concept of vacuum. 

The results of these researches enable to infer a 

"cormnon sense" conceptual map like as shown in figure 2. 

In this map different possible networks can be 

represented: weight may, or may not, be considered only as a 

characteristic property of bodies, depending on the quality 

and the quantity of matter, and therefore be confused with 

the concept of mass. But weight may be, from another common 

sense point of view, correctly defined as a force, 

responsible for the fall of bodies, directed downwards, but 

having nothing to do with gravity . 

Gravity, in its turn, is not a common word: it is used 

at school and sometimes on TV but with no clear meaning . 

"Grave", in Galilee's language, is a body that can fall; 

gravity is the falling down property, and in this meaning 

air and fire, that don't fall, are not "gravity liable". They 

do not fall and "they are without sensible weight". 

Pressure too is not a very common word, and is used in 

very different situations: in weather forecasting, to 

indicate the "pressure cooker", for water pressure in 

pipelines, etc. In any case, what is in general clear is the 

presence of something that "presses" and that involves, in 

common sense knowledge, a "force". For the atmospheric 

pressure, this force is seen as directed only downwards. 

"Vacuum" and "empty space" are concepts corresponding in 

Italian (just as in Greek and Latin) to a single word: 

"vuoto". This "vuoto" may therefore be, in common sense 

knowledge, an "empty space" filled with air, or a real and 

complete "vacuum". In the first meaning the word is used in 

everyday life, while in the second one the word often 

describes the interplanetary space, where the concept of "no 

air" is, implicitly or explicitly, linked with "no gravity". 
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figure 2 - Common Sense Conceptual Hap 

Pressure, Weiaht and Gravity: scientific knowledge 

According to the present scientific point of view, many 

of the links supposed by common sense are seen as absurd: the 

behaviour of gases, and then air and air pressure, "belong 

to a different physics chapter" than weight and gravity . 

Pressure is often introduced in textbooks like F/S among 

mechanics topics and by the fact that textbooks often deal 

only a little with hydrodynamic and, what is more serious, 

with thermodynamics, the fundamental role of pressure in 

fluids is in general disregarded. Gravity is important to 

explain the presence and the density of Earth and planets 

atmosphere, but in physics textbooks this kind of links are 

considered as irrelevant. 

The map in figure 3 will show the textbooks principal 

network (solid lines) and some other possible scientific 

links (dotted lines). 

The present scientific knowledge is however the result 

of historical development: in the past, opinions about 

movement, falling bodies and vacuum were very different from 

today, and in some cases very similar to common sense 

knowledge. This is the case of the "falling down of heavy 

bodies" - "a natural notion" that needs not to be explained 

according to Aristotele and to many pupils- the lack of 

weight for air and gases, or, if vacuum does exist, the 

absence in vacuum of both air and force of gravity. 

It is important to be aware that, in the past, physics, 

like astronomy, was a cosmological science, and its principal 

aim was to understand the structure of the universe. In this 

view vacuum could be considered as impossible because in it 

When, in 

"the up will not differ from the down .•. and 
then no displacement will exist anywhere" 
(Aristotele, Physics, IV). 

Galilee's times, vacuum became to be 

conceivable, gravity, and then the "falling" feature, was 
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figure 3 - Textbook Conceptual Hap 

considered as a, not separable, characteristic of bodies. For 

this reason the Galileian Inertia principle was formulated 

only for bodies moving on a "horizontal plane", where 

falling is prevented, and when extended to the Universe, it 

became a "circular" Inertia. Only after the Gilbert and 

Gassendi hypothesis of an analogy between magnetic and 

gravitational forces (analogy often proposed in primary 

school textbooks), gravity can be considered like an external 

force, and the inertial motion can be conceived as a 

rectilinear one. Neverthless Gassendi himself, conjecturing 

about the existence of vacuum, remarked that no motion and no 

forces would be possible in it, because a body 

"with no contact with Earth, and with no other 
thing in the world, would behave as if the 
world, the Earth and its center, were not 
existing at all. .. " (Gassendi, De Motu) 

In this case, the problem of conceiving gravity in a 

vacuum is clearly related to the problem of conceiving a 

"distance action" instead of a "contact action". 

In conclusion the past scientific view considered 

gravity as an effect (and not a cause) of weight of bodies, 

and linked the absence of air to the absence of forces and 

movements, like today's common sense views. 

The questionnaire: the meaning of the concepts 

By comparing the two maps, the common sense map and the 

scientific one, it is easy to notice a lot of differences: 

some arise in the meaning of specific concepts, others are 

differences in relationships between concepts. 

On the basis of these differences, a questionnaire was 

built, using questions derived from other researches, when 

applicable to the problem. Using free and multiple choice 

answers, together with explanations the pupils gave, it was 

possible to check the hypothetical common sense map 

previously drawn, to find other not foreseen relationships, 



and have an idea of the distribution of different mental 

representations in the sample examined. 

At the beginning of the questionnaire four "free 

questions" were given: 

"what is pressure for you", 

"what is gravity" 

"what do you mean by "weight'"'. 

"what do you mean by "create a vacuum" 

Analysing the different answers, one may assign some 

percentages to the different possibilities foreseen in the 

map drawn in figure 2. 

Threfore, for the 597. of pupils before and the 497. after 

a physics course, pressure is simply a force; the F/S 

definition is shared by only the 77. before and by the 387. 

after the course, but references to the fluids and to the 

atmosphere decrease with schooling. 

Many answers (207. in both cases) show a deep confusion 

between weight and mass. For 25%, the weight of bodies is a 

force with no relations, or with erroneous relations, with 

gravity, and only 447. after the physics course recognizes the 

weight as an effect of the gravity. 

For the 407. of pupils before teaching and the 247. after, 

gravity is a "force" the important features of which are: 

1) either "to keep the objects steady on the ground, without 

floating, as it happens on other planets", being directed 

"downwards"; 

2) or "to keep the objects floating" or "to prevent falling, 

for example to prevent the falling of the Moon on the Earth". 

This second meaning has a quite reliable source, as a 

giri wrote in her explanation:" I saw it on the TV during the 

Shuttle launch .•. With the engines out, the rocket was kept 

in orbit by gravity". 

The 367. of pupils before, and the 427. after teaching, 

think that the force of gravity is "typical of the Earth" and 

often directed "downwards". Only the 21% after teaching 

extend the law of gravity to other planets or to any couple 

of masses. 

Finally, to "create a vacuum", a sentence that in 

Italian has an "everyday" sound and meaning, was explained by 

the 147. of pupils before teaching as "to create an empty 

space", empty of objects but filled with air. The 65% 

interprete it just as "to take away everything", air 

included. But many of them, as it has been possible to 

establish looking at other answers in the questionnaire, by 

"everything" mean also "forces and gravity". Moreover, some 

of these students (with a percentage increasing with 

schooling, 117. before and 207. after) declare this belief 

explicitly: 

"to take air out of a given space means that the objects in 

this space will float". 

The conclusions of the analysis of this first part of the 

questionnaire are: 

- scientific definitions are difficult to remember, and to 

master. Only a percentage ranging from 207. before to 40% 

after a physics course is able to give a 

explanation of the four concepts proposed; 

definitions before teaching are rich, 

meaningful 

in terms of 

imagination and references to everyday situations; after 

teaching, they become poor, not only as to variety, that 

would be obvious, but also as to relationships pupils are 

able to establish between these definitions and examples from 

everyday life. 

Pressure will be a good example: the school teaching 

"selects" between different spontaneous definitions the one: 

p F/S, and attached it to a few examples like a brick on 

the sand, or the hydraulic press. Other life examples, like 

"the pressure of water in a tube" or "the pressure of air in 

a balloon", with their important scientific features, remain 
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neglected, 

definition. 

because they don't easily fit 

The questionnaire: main factors and results 

with the F/S 

The two questionnaires on Pressure, Weight and Gravity 

consisted respectively of 20 and 19 items, 18 of which in 

COIIIDOn. 

A Factor Analysis confirms the importance of different 

conceptual factors, some of them related to single concepts 

but others, more significant, concerning the relationships 

pupils establish between concepts. 

The analysis pointed out the importance of ideas 

students have about air. Even after teaching, the majority of 

students think of the air contained in the classroom as if it 

were either without weight, or as light as a "feather". In 

these cases, weight and pressure are different things: "air 

has no weight, it has only pressure" writes a student. 

Pressure itself is not well understood even by students 

that in the free questions gave the correct, conventional 

answer: F/S. In fact, when they come to more specific 

questions, they think of pressure as a force directed only 

donwards and acting on an horizontal surface. For the 36%, 

both before and after teaching, a balloon kept at the bottom 

of a deep swil'llllling pool is "flattened " by the water 

pressure. If the pressure will become too high, the ballon 

will "burst" for the 26% of students. Also when pressure is 

clearly not directed downward, as when the ballon bursts in 

the air, for more than 40% the pressure that causes the burst 

is external. 

The most important factor of the questionnaire, that 

explains the 15% of variance, is given from the group of 

items about "the hole in the Earth". The question was the 

same proposed by Nussbaum and Novak in 1976: 

Interviewer to pupilt Suppose that 

aomeone dug a hole all the way 
through the ear.th and dropped a 
rock into it. 

On these picturea below, of 1 make 
believe earth, four different children 
(a,b,c, and d) draw a line ahoving the 
way a rock would aova as it falla. 
•••• Which drawing best ahovs what would 
really happen to the rock? •••• Nhy do you think ao? 

figure 4 

Differences were introduced which had already been 

checked and discussed in researches made at the Univeraity of 

Rome (Dupre' et al. 1981): 

- only one of the paths propoaed to the students ends in 

space; 

two other paths, which end before or beyond the center, 

were proposed; 

- two other itama were proposed where the hole does not paaa 

through the center and is drawn "inclined" or "horizontal" 

with respect to the sheet. For theae two latter itama the 

atudenta have to draw the path of the rock tham.elvea. 

The percentages of anawera change aubatantially when the 

poaition of the hole changes with reapect to the aheet. 

The result• are ahown in the followin1 Table: 



Categories of responses 

Vert, 
PI P2 
~ 

Goes out the hole or stands 17 8 
(flat Earth) 

Goes through the Earth 24 II 
(geographically spheric Earth) 

Stops in the Center SO 59 
(physically spheric Earth) 

Oscillates I 18 
(scientific scheme) 

lnclln. 
PI P2 
~ 

25 10 

40 35 

31 40 

I IS 

Table 3 • The hole in the Earth 

Honz. 
PI P2 
~ 

49 35 

14 8 

36 40 

.s 16 

A "flat Earth scheme", where the force is only downward, 

becomes more frequent when the hole is drawn horizontally. 

Even when the hole is only inclined, the fact that at the 

same time it does not go through the center enables some of 

the students to formulate a difference between gravity and 

weight: 

"gravity attracts the rock to the center, whereas weight 

pulls it. Since the hole does not go through the center, 

gravity wi 11 not act". 

A "geographically spheric Earth scheme" is particularly 

attractive when the hole is inclined. In this scheme, bodies 

fall toward the center only if they are outside the Earth 

surface. Inside the hole the bodies fall down to the other 

side. Often, in this scheme, the cause of gravity is ascribed 

to air pressure, that presses from outside towards the Earth 

surface. 

A "physically spheric Earth" scheme is the most popular, 

but not very consistent. About 20% of students change their 

ideas when the position of the hole changes. 30% before 

teaching and 40% after remain consistent in all three items. 

It is important to point out that mastery of the latter 

scheme does not imply mastery of the concept of gravity. The 

cause of the falling toward the center may be, in fact, the 

weight or the air pressure or, as a student wrote "the 

center is the natural place for heavy bodies". 

A "scientific scheme", where inertia is taken into 

account, seems to be very consistent but it is understood 

only by very few students, even after the physics course. 

It has to be noticed that school teaching sometimes 

leads to confusion: pictures in textbooks, maps and the Earth 

globe support a scheme where "high" and "down", "vertical" 

and "horizontal" are absolute, and not relative, concepts. A 

very good student answered in this way to the question "Why 

does the Moon not fall on the Earth?": 

"The Moon goes round the Earth on a horizontal plane, so 

if it fell down, it would fall along a vertical line and 

would not impact on the Earth, but would be lost in space". 

Another very significant group of items considered what 

will happen in the absence of air. The examples proposed 

were: 

an astronaut and a satellite moving around the 

Earth; 

- an astronaut on the Moon leaving a wrench (Watts 

and Zylbersztain, 1981); 

an object on a scale inside a jar from which air 

is taken out with a vacuum pump (Ruggiero et al., 

1985). 
The questions were: "what will happen with gravity (or 

with falling or with weight) in the following situations?" 

The answers show that about 50% of students, also after 

a physics course, think that "no air" implies "no gravity", 

and some of them add that air pressure is responsible for 

gravity. The percentage decreases with schooling for what 

regards the relationship "no air - no weight": even after 

teaching, the 30% of students think that in a vacuum there 

will be no sensible weight. 

The falling down of objects is even less related to the 
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presence of the air. Only 30% before and 20% after teaching 

think that without air objects will float in the space. 

Comparing the percentages, it is obvious that for about 

the 30% of students the falling of bodies is not caused by 

gravity or by any other force, but is a kind of "natural 

motion". 

For more than 20% of students, weight and gravity are 

not related concepts, and in the absence of air it will be 

possible to have either. 

Conclusions 

The common sense conceptual map, sketched in figure 2, 

has been verified and in some parts completed by the results 

of the questionnaire. Clearly there emerges the complexity 

and the difficulty in defining conceptual hierarchies at the 

COIISDOn sense level in comparison with the scientific 

level.The common sense map represent in this case an attempt 

to give meaning to many concepts, most of which are known 

only through the informations gathered from school and mass 

media. 

In fact, apart from the basic experience of the falling 

of bodies and the carrying of weights, Earth sphericity, air 

weight, athmosperic pressure or gravity, are all words 

slightly related to experience. These words are 

and linked together in order to find a meaning, 

some basic rules: 

interpreted 

following 

- similar concepts are used in a similar way in language 

(then weight is similar to mass, empty space to vacuum - at 

least in Italian - and so on), but at the same time different 

wo~s must have some differences in meaning (then weight has 

to be different from the force of gravity ); 

- new concepts have to fit with old experiences: then "up" 

and "down", "top" and "bottom" have a clear and absolute 

meaning, and it is difficult to pass from this "cartesian 

frame of reference" to a "spherical" one; 

- new concepts have to fit in old theories, even if they are 

"tacit", not explicit, coanon sense theories. The "no air-no 

gravity" fits with the need of "contact forces", and "gravity 

is a force that maintain things floating in orbit" fits with 

the need of a force "to hold a body". 

In this way, also scientific information are interpreted 

from a coanon sense point of view, and supports the 

alternative frameworks. 

The family level of culture has, in the case of 

Pressure, Weight and Gravity, a special importance because 

parents, more than teachers, can help the child in giving 

meaning and create networks for the information he receives 

from every day life. 

As it is well known, very often teachers are not aware 

of the lot of information, and therefore meaningful concepts 

and networks, children already have when they come into the 

classroom. In the present research, teachers were asked to 

anticipate the results their students would achieve in terms 

of a three points scale of difficulty: 

1, low difficulty (more than 70% of correct, scientific, 

answers); 

2, average difficulty (between 30% and 70% of scientific 

answers); 

3, high difficulty (less than 30% of scientific answers). 

The results of this prevision from the Pressure and 

Gravity questionnaire are repor~ed in the Table 4, for the 12 

classes that answered the quest~onnaire after the teaching. 

The (+) and (-) signs mean that the expected difficulty 

was wrong, that is it was higqer (t), or lower (-) than the 

real performance. 

The high number of plus and minus (more than 50% of 

teachers previsions) means that teachers previsions are 

substantially different from students performances. Moreover, 

for some items and some teachers, the versus of the 

difference is highly significant, as assessed by the 
statistical "sign test". 



Table 4 - Expected difficulty and actual performance 
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It is interesting to note that teachers, even the well 
prepared and active teachers, are in general not aware of 

where the obstacles come from. In their opinion a topic which 

has been taught is easier than a topic which has not, and 

they don't take into account the obstacles or the helps in 

understanding offered by common sense knowledge. 

This kind of questionnaires has been important, and will 

be important, for the Italian school, in that they will allow 

teachers to face the problems and develop an awareness of 

both students' game rules, and their own game rules. 

Quoting Bachelard again: 

Bachelard, G . 

"J'ai souvent ete frappe du fait que 
les professeurs de sciences, plus encore 
que les autres si c 1 est possible, ne 
comprennent pas qu'on ne comprenne pas .•. 
Ils n'ont pas reflechi au fait que 
!'adolescent arrive dans la classe de 
Physique avec des connaisances empiriques 
deja' constituees: il s'agit alors, non 
pas d'acquerir une culture experimentale, 
mais bien de changer de culture 
experimentale ... " (Bachelard, 1938) 
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Engagement in Learning, Resistance to Schooling: 

Some Implications or Conceptual Teaching. 

Margaret McCasland 

Cornell University 

The following joke appeared recently in the Reader's Digest. "The 

high school science class was checking over a test they had 

taken. Commenting on one item, the teacher remarked, 'This 

question was designed to make you t.h.i.n.kl' From the back of the 

class came, 'Trick question! Trick question.' " 

I use this joke to make two points. The first is a point about 

conceptual understanding-oriented curricula (Pines and West, 

I 986). "Thinking" (in the student-centered sense of 

constructivist or generative learning theories) may not be a 

normal part of most classrooms. A conceptual curricula which 

values the students' own thoughts may be perceived by at least 

some students as a trick. The second point the joke raises is 

"Which students are most likely to see a conceptual curriculum as 

a trick: the goof-offs in the back row, or the good students si11ing 

up front?" Based on comments made by researchers at the 

Special Interest Group on Cognitive Structure and Conceptual 

Change pre-session at AERA in April, 1987, there is some 

resistance to conceptual curricula among "bright" students in 

various parts of the globe. These academically-successful students 

seem to (at least initially) resist thinking for themselves rather 

than coming up with the (teacher-defined) "right answer.'' 

However this paper will also look at academically less successful 

students: the average and lower track students. These are the 

students who are considered "Jess able" or less interested in 

school. How do they respond to a conceptual curriculum? 

In order 10 compare reactions to a conceptual curriculum across 

"ability" groups, I did an informal case study of eighth graders in 

science classes tracked based on "ability.'' (I am pulling "ability" 

in quotes, as one of the issues I think conceptual curricula raise 

is the definition of student "ability." Is it the ability to do well in 

school. by arbitrary criteria. or is it the ability to understand 

concepts and relate them to everyday life?) I wanted to observe 

8th or 9th graders because middle school is the last point at which 

students in different tracks might get the same material. In some 

schools, students start gelling different curricula as early as 

elementary school, especially with "enriched" classes for "gifted" 

students. 

The teacher I observed works in a small rural school with a 

strong commitment to science and 10 the education of all its 

students. He taught science to 7th and 8th graders on all track 

levels. Many writers have described ways that teachers 

differentially treat students in various tracks (see Anyon, I 983; 

Contreras and Lee, I 987; Good lad, I 984; Keddie, I 977; Kilbourn, 

I 986; and Oakes, I 985.). Because this teacher would be using the 

same material in all five 8th grade classes, any differences 

between how he handled the classes should be even more 

obvious. 

A. THE CURRICULUM 

My case study focussed on an unpublished unit about the 

particulate nature of ma11er based on Joseph Nussbaum's work, 

which the teacher (Douglas Larison) had access to through 

contacts at Cornell. While the unit was designed for use with 

sixth graders (Nussbaum, personal communication, I 987), the 

content is standard 8th grade material. The unit is a general 

introduction to particle theory which emphasizes observable 

characteristics of solids, liquids and gases, supplemented with 

visualization techniques (pretending 10 wear special goggles) to 

help conceptualize particles 100 small 10 see. There is no mention 

of atoms or molecules or atomic theory. As taught by Mr. Larison, 

the unit took approximately four weeks 10 complete. Classes were 

held for about 40 minutes per day, five days per week. 
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312 f Were not explicitlv addressed during the month-Changes o state , 

d . t pan•'cle theory. but mv clinical interview long intro ucuon o ' 

included several questions regarding changes of state in water as 

a way of probing the students' ability to apply their 

understanding of panicle theory to new material. 

B. THE CASE STUDY. 

Before designing the clinical interview, I observed one of the 

first lessons in the unit being taught to three of the five classes. 

The first period class was considered the advanced group, the 

second period class was average. the third was remedial, the 

founh was average (but considered a "difficult" class), and the 

fifth class was also average. The first day I observed the 

advanced and two average groups. I was very pleasantly 

surprised to note nearly no differences in the way the teacher 

handled the classes or in the content he gave them. He 

commented later that he can move a little faster with advanced 

class, but consciously tries to give all groups the same material. 

(Larison, personal communication, I 985.) 

The major difference I noticed between the classes was in how 

the students responded to a conceptual curriculum. Among the 

academically more successful students (the "advanced" class), 

there seemed to be a resistance to expressing their own thoughts, 

which contrasted with a surprising willingness to express their 

own ideas among the average classes. I therefore designed the 

rest of my study so that I could compare students in different 

tracks in terms of their 

I. engagement with a conceptual curriculum 

2. engagement with schooling in general 

3. understanding of the content 

4. test performance 

To further check my initial observations of differences in how 

students in different tracks respond to the same conceptually-

oriented material, I observed all five classes during a lesson 

towards the end of the unit. also returned the week after the 

unit ended to conduct clinical interviews and administer a brief 

w riuen questionnaire. 

As indicators of student understanding of the content, I 

conducted clinical interviews with 2-4 students from each class 

(which ranged in size from 8-15 students) a week after the unit 

was completed. The students names were drawn randomly, 

alternately from a pool of males and a pool of females. At the 

stan of the interview, the students were given a paper with three 

flasks drawn on it and were asked to "make a conceptual drawing 

of each flask to show what the panicles in it would look like if 

you were wearing "special goggles" to make the panicles visible." 

There were three actual flasks on the table which matched the 

conditions the drawing was to represent: an open flask with just 

air, an open flask with water, and a closed flask which 

(supposedly) had all the air pumped out. This task was similar to 

an exercise they had had in class. The students were then asked 

to explain their drawings. This was followed by a discussion of 

changes of state in water (what would happen to water in the 

open flask was discussed as a probe re: evaporation, and frost on 

car windows as a probe re: condensation). The discussion of 

changes of state in water (which had not yet been covered in 

class) was included as a way of checking understanding because 

the students should have had experience with it in everyday life, 

but would not be feeding me material from the teacher. In some 

interviews, students were also asked epistemological questions 

about "the world of science" and "the real world." 

At the end of the interview, I had each student fill out a very 

brief questionnaire. In order to investigate student engagement 

with a conceptual curriculum and engagement with schooling in 

general, the questionnaire asked students 10 rate how 

comfortable they felt with components of a conceptual 

curriculum as well as more standard classroom activities. It also 



asked how much time they spent on school work outside of class, 

and where they did most of their studying. In addition, I asked the 

teacher to rate each student for overall "willingness" to engage 

in school in g. not just during this unit, on a rough scale of 1-10. 

As indicators of rest performance, overall unit test scores and 

concept maps made by students during the final unit test were 

obtained from the teacher for each student interviewed. (In this 

instance, the concept maps had become a standard part of 

classroom testing, with all the negative connotations that might 

bring. This will be briefly discussed later.) 

C. COMMENTS ON THE RESULTS 

I. Classroom observations: engagement with a 

conceptual curriculum. As noted above, during the first set 

of observations the first period class (advanced) had the most 

difficulty ellpressing their own thoughts rather than reciting 

superficial knowledge. When challenged by the teacher on their 

persistent use of terms such as "molecule," students admitted they 

had knew that particle theory had to do with molecules because 

they "read it in the encyclopedia" or "my older sister w:~s 

ellplaining it to me." They appeared to be fishing for what they 

thought the teacher wanted to hear. Statements such as "a 

molecule is part of an atom" indicated that students' 

understanding did not match their vocabulary. 

Students in the 2nd period class (average) appeared to be quite 

engaged with thinking about questions raised by the teacher, 

such as "what would be between the air particles?" They had a 

much easier time than the advanced class using terms such JS 

"nothing" and "space" to indicate what is between :~ir particles. 

During this class, the test on the previous unit was returned. 

The teacher commented to the cl:lss that some students who 

seemed to at least partially know the materi:~l left many of the 

short essay questions completely blank, thus losing the chance 

for any credit. He later commented to me that he was somewhat 

puzzled by students who turned m incomplete exams before the 

end of the testing period when he knew they knew some of the 

answers (Larison, personal communication, 1985). 

During this first set of observations, an interesting contrast 

between the classes was noted during a demonstration of air 

being compressed within an airtight syringe. The teacher did 

the demonstration under water so that any escaping air could be 

seen as bubbles. When he asked the advanced class "What did 

you see?" they responded, "Bubbles." He repeated the 

demonstration and asked, "See bubbles that time?" They "read" 

the teacher correctly, and responded, "no," even though 

observed the same number of bubbles both times. When the 

average classes insisted they saw bubbles escaping from the 

syringe and were not so willing to change their answer based on 

clues from the teacher, the teacher figured out they were 

referring to small bubbles leaving the outside surface of the 

syringe. He then compressed an open syringe of air underwater, 

showing that many large bubbles escaped under that 

circumstance. The willingness of the advanced students to feed 

"correct" answers to the teacher may have kept them from 

understanding the point of the demonstration (air has empty 

space between particles and therefore can be compressed under 

pressure). 

During the second set of observations, held three weeks later, 

some similar differences were noted between classes. The lesson 

focused on whether any change had occurred over the weekend 

in a flask with a blue liquid in the bottom and clear water on the 

top. During a lab the previous Friday. the class had been asked to 

check for any milling between the two liquids after a 10 minute 

interval (none had been observed). Monday morning the first 

period class (advanced) was asked if the materials were mixing. 

One student answered yes. they were starting to mill, but hadn't 
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had enough time on Friday. When the teacher challenged this 

(correct) answer and asked, "Maybe I screwed up on Friday and 

didn't allow enough time?'' the students decided the liquids were 

ruu. mixing. When the teacher prompted them for a different 

answer, ("Because you're not jumping out of your chairs, I 

suspect you didn't see what you should have."), the students 

started saying "Maybe it started mixing a little." Because the 

students were so busy second-guessing the teacher, they took 14 

minutes deciding whether or not the two liquids were mixing. 

Only one student asked a question ("Are particles in solids?"). 

In contrast, the second (average) class was prompted more 

directly towards the right answer. Teacher (T): "Is that how it 

looked?" Student (S): "Sort of." T: "I hope not. What happened 

over the weekend?" S: "It mixed; it's not a straight line." 

(Because the teacher hinted directly that they should have seen a 

change, I didn't get to see whether these students would have 

second-guessed the teacher as persistently as the "advanced" 

class did.) After 5 minutes of discussion regarding how two 

liquids could mix, one student suggested, "Maybe it's made up of 

panicles, but it took longer to move [than gases do]?" 

The third class (remedial) got to the point quickly, and the 

teacher did not challenge their (correct) responses. In this class, 

the teacher explained more things directly, rather than trying to 

elicit answers from students. 

The fourth class (average, but considered a "difficult" class with 

lots of discipline problems) quickly got to the essence of the 

lesson. S 1: "It son of like mixed, spread out." 52 immediately 

added:. "It's got particles in it." Later the teacher asked: "How 

come we needed more time?" S: "Because more [particles] slowed 

mixing down." This was followed by a discussion (by the 

students) of why liquids can't be compressed as easily as gases 

(too many particles; not enough empty space). However, the 

students weren't sure if water had empty space in it until the 

teacher explained that water (like gases) had particles and empty 

space. Mixed in with this apparently productive lesson were 

quite a few reprimands when students didn't seem focused. 

including sending one student out of the room. 

The final class of the day (average) was conducted somewhat 

differently from the earlier lessons, although most of the 

changes reflected a gradual evolution throughout the course of 

the day. One of the main advantages of teaching the same 

material to multiple classes is that teachers can refine their 

approach based on feedback from the students. By the last class. 

both the students and the teacher had less energy, but the 

teacher also understood which points the students tended to be 

confused about. He therefore structured the discussion more 

productively, primarily by using appropriate advance 

organizers, such as reviewing a previous lab (regarding the 

mixing of two gases) and asking whether liquids have particles 

before asking whether the two liquids had changed over the 

weekend. Also, being realistic, a class meeting after lunch was 

likely to have heard from students in earlier classes that the 

"correct" answer was that the two liquids were mixing. 

In general, students in the non-advanced classes seemed more 

comfortable asking "stupid" but key questions. When one student 

in the last class said to draw water particles "right tight," another 

said water couldn't have moved if there was no empty space. 

Later, another student asked what would happen if you breathed 

only empty space (instead of air). When another student said, 

"Yeah, how can there be nothin~:," lots of heads nodded in 

agreement. While there were still aspects of particle theory 

these students were having trouble accepting, they seemed to be 

well engaged with the central ideas relating to particle theory. 

This sort of lively exchange was observed in all the classes except 

the first period "advanced" cllss, which had spent almost half the 

class deciding whether the two liquids had mixed. I'm not sure 



they would have dared asked so basic a question as "How can 

there be nothing?" which showed the others students were really 

thinking about one of the main implications of parucle theory: 

that there are spaces between the panicles with nothing in them. 

The clinical interviews gave funher i nd ic at ions that many of the 

advanced students may have been more engaged with schooling, 

while many of the average and remedial students were more 

engaged with learning. 

2. Evaluation of student understanding. 

As a whole the advanced students did better then the other 

students on all evaluation criteria. But the "spread" between 

tracks was much less than might have been expected, especially 

during the clinical interviews. 

a. Test performance. On the final unit tests, most students 

(11/17) received grades between 73 and 86. Only 2 students 

received grades below 70, and only two students received grades 

over 86 (see Table 1). When averaging the results by class, the 

remedial class was not very different from the difficult average 

class, and the other two average classes were between them and 

the advanced class. Looking at the individual scores shows even 

greater overlap between the groups; often one student's very 

high or very low score brought the group's average up or down. 

[Results of individual students of panicular interest are in 

holdface in Table 1.] 

I rated the concept maps by giving positive points for concepts 

apparently correctly understood, whether they were "correctly" 

mapped or not. In most cases this corresponded closely with the 

teacher's grades, where points were taken off for incorrect 

conceptual relationships. Most of the discrepancies between my 

ruling and the teacher's grading occurred with students who had 

not yet mastered the technique of making the maps. 

TABLE I 
EVALUATION RESULTS 

unit test ,....,.....__ 
CLASS stud. gen. 

# m/f 

1 m 
2 f 

ADV. 3 f 
9 m 

10 f 

AVERAGES 

II 4 
II m 

AVE. 12 f 

AVERAGES 

III 5 
6 m 

REM. 13 f 
14 m 

AVERAGES 

IV 7 
8 m 

AVE. 15 m 
difficult 16 m 

AVERAGES 

v 17 m 
AVE. 18 f 

AVERAGES 

KEY 
ADV. = advanced 
AVE . = average 
REM. = remedial 

TEST 
'7o 

85 
85 
96 
86 
84 

87.5 

75 
73 
92 

80 

70 
78 
58 
78 

71 

78 
so 
70 
85 

71 

86 
77 

81.5 

++ : very good understanding 
+ : good understanding 
+1- : partial understanding 

poor understanding 

MAP 
/13 

13 
12 
12.5 
12.5 
13 

12.6 

II 
10.5 

9.5 

10.3 

8.5 
8.5 
5.8 

10 

8.2 

8 
NA 

6 
5.8 

6.6 

8.5 
12.5 

10.5 

clinical interview 

~ 
DRAW. interview 

/3 comments 

3 water-; part NA 
2 water NA; pan NA 

(2) no interview 
3 water pan 

water -; pan + 

2.2 

2 water NA; pan NA 
2 water NA; panNA 
2 water+; part+/-

2 

water NA; pan -
I water +: pan +/-
1 water+; part+/-
2 water NA; pan ++ 

1.3 

2 water +: pan +I-
2 water+; part+ 
3 water +!-; pan+/-
I water NA; pan NA 

2 

2 water NA; pan NA 
I water NA; pan NA 

1.5 

N A: not available (usually due to time limits) 
water: changes of state of water (everyday instances) 
part: particle theory (explanation of conceptual drawing) 

315 



316 
b. Clinical interviews. There were two main problems with 

the clinical interviews: their subjective nature. and their 

variability. In transcribing the tapes, found that 1 had often 

"led" the students, mostly by "putting words in their mouths" 

when they seemed to have an idea but lacked the vocabulary 10 

express it. The variability was largely due to time pressures, as 

the same content didn't get covered with each student. (As the 

study was a preliminary "fishing expedition," I sometimes started 

the interview with the epistemological questions, in order to 

have some students answer each type or question.) did not 

formally code the interviews. However I did rate the students on 

a rour point scale ror their explanations or their conceptual 

drawings, abbreviated "part." on Table I. I used the same scale to 

rate students' understanding of changes or state in water, abbre-

viated "water." 

The main advantage or the clinical interviews was that I was able 

to probe students' understanding in ways which did not come out 

with any other technique. The interviews clearly pointed up the 

inadequacy or conventional ways or assessing students' "mastery" 

or content. For example, Student I (advanced class) seemed to 

have a good grasp of the material from his test scores, concept 

maps, and conceptual drawing (85%, 13/13, and 3/3 respectively), 

but the interview revealed a basic lack or understanding masked 

by an ability to recreate what the teacher had presented. On the 

other extreme, Student 8 (average dirlicult) only got 50% on the 

test, yet he made a good conceptual drawing (2/3), and his 

explanation or the drawing and discussion of changes or state 

indicated a well above average understanding or the particulate 

nature or matter. 

3. Questionnaire: engagement with a conceptual 
curriculum and engagement with schooling in general. 

As the end or the clinical interview, the students were asked to 

fill out a brief questionnaire about their experiences in science 

class. The items were scored on a 5 point Likert scale, and 

averaged ror each class and ror the sample as a whole. Since 

there were only minimal differences between the average scores 

for each class, the average results ror the whole sample are listed 

in Table II, ranked from the most enjoyed to the least enjoyed 

activities. (See Appendix A for individual results.) 

TABLE II 
SCHOOL TASK QUESTIONNAIRE 

RANK ITEM 

doing a lab myselr 

2 watching 

3 listening 

4-5 asking 

4-5 writing 

6 listening 

7 copying 

8 making 

9 making 

SCORE KEY 

I = enjoy a lot 

2 = enjoy 

3 = o.k. 

a lab demonstration 

to other students 

questions 

on the blackboard 

to the teacher explain 

rrom the blackboard 

vee diagrams 

concept maps 

4 = don't enjoy much 

5 = don't enjoy at all 

AVERAGE 
SCORE 

1.1 

1.7 

2.5 

2.8 

2.8 

3.0 

3.2 

3.5 

3.7 

Not surprisingly, the students seem to generally prefer activities 

and discussions to written work. All the students enjoyed "doing a 

lab mysciL" They enjoyed "watching [the teacher do) a lab 

demonstration" almost as much. Based on class room obscrv at ions. 

they also seemed to appreciate having thdr own ideas attended to, 

either by the teacher or by other students. Hair the students said 

they enjoy "listening to other students;" the others said it was 



"o.k.," with only one student rating it a "4." "Asking questions" 

and "writing on the blackboard" had less enthusiasts, but few 

negatives responses. "Listening to the teacher" was evenly split 

among enthusiastic, neutral, and unenthusiastic students. 

"Copying from the blackboard" was largely a neutral activity, 

with no very enthusiastic students. The activities receiving the 

lowest ratings were "making vee diagrams" and "making concept 

maps." They also received many more strongly negative 

responses (4's and 5's) than any other item. 9/17 students rated 

concepts maps as being unenjoyable; 10/17 students rated vee 

diagrams as unenjoyable. (See Appendix A.) 

Since conceptual curricula such as this unit arc supposed to value 

students' ideas in order to help them change their ideas, concept 

maps and vee diagrams should be expected to have had a higher 

rating. In this case their low rank was consistent with my 

observation that they were used more as vehicles for 

accountability (homework. lab reports, and tests) than as a way 

for students to think through and express their own ideas. The 

development of one concept map by the whole class may have 

given them the impression there was a single correct concept 

map. During the interviews, students also sometimes made 

inappropriate references to concepts, principles and theories, 

which indicated some confusion about how to usc vee diagrams. 

They were intended to be a way for students to set lab experiences 

in a theoretical context. I think these results are more a 

comment on how vee diagrams were used in this particular class 

(a format for lab reports and therefore the basis for lab grades) 

than an indication of student attitudes towards mctacognitivc 

tools m general. During classroom observations and clinical 

interviews, the students were very willing to make conceptual 

drawings and seemed to enjoy sharing them with others. 

(Unfortunately, conceptual drawings were not included on the 

school task questionnaire.) 

The student who rated the most activities "unenjoyable" (#8) 

rated very low (3/10) on the teacher's "willingness scale" and did 

very poorly on the unit test (50%). He is especially interesting 

because his interview indicated he was quite engaged with the 

concepts in this unit and connected them with his everyday life. 

(His concept map was not available because he moved from the 

area shortly after the unit was finished.) 

The questionnaire also included some questions about where and 

how much homework students did. All the students said they did 

all their homework at home (as opposed to at school or on the 

bus), except # 8, who only did homework at school (which 

probably means he didn't do much; he didn't answer the question 

about time). Most students spent between fifteen and thirty 

minutes on their assignments, including studying for tests. 

However, many of the students who did poorly on tests studied 

more than l/2 hour (self-reponed). This may indicate a lack of 

appropriate study skills, or it may reflect an artifact of the 

questionnaire (students who do poorly may not want to admit not 

studying). 

When discussing the students' generally high level of 

engagement in the unit (noted in the observations and confirmed 

in the questionnaire) with the teacher, he said that this unit was 

based more in the real world than most units they get, and that he 

made a special effort to pay more attention to their ideas than he 

does while teaching other more conventional units (Larison, 

personal communication, 198 7). 

D. QUESTIONS FOR FURTHER EXPLORATION. 

What does ability mean, when low track students can grasp basic 

ideas and high track students resist thinking for themselves? 

The nature of the educational process changes with conceptual 

understanding curricula, and this has ramifications both within 
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and beyond the classroom. While this informal study can't give 

any definitive answers, it can help us clarify some of the issues. 

1. What kind of content should be taught 

Eighth grade general science is perhaps the last 

to whom? 

course the 

students in this study will take which can be considered pan of 

their "general education," common to all students of that age. In 

many schools tracking starts even earlier, and means that 

students in different classes get different content, perhaps 

taught with different approaches (see Anyon, Contreras et al, 

Goodlad, Kilbourn, Oakes). This case study indicates that one of 

the advantages of conceptual understanding curricula is their 

potential to work well for traditionally less successful students. 

A much wider range of students can benefit from a curriculum 

which builds on their own ideas and prior understandings, 

especially if it helps them connect these ideas with their 

everyday lives. 

In the epistemological portion of the interviews, the "advanced" 

students tended to see the relevance of the unit to their further 

studies or to potential careers as scientists. Most of the lower 

track students saw the academic elements of the course as largely 

irrelevant, but often found ways of applying basic concepts to 

their everyday life. If connected to everyday life rather than to 

higher education, topics such as particle theory can be very 

appropriate for all students. If conceptual understanding 

curricula can teach basic concepts to a wide range of students, 

then "general science as general education" may be feasible 

throughout middle school, as well as in elementary school. 

2. How should students be evaluated? Even when the 

teacher brings nearly the same material, taught in nearly the 

same way, to students from different tracks, their prior 

relationship to schooling in general will affect how they interact 

with that particular piece of curriculum. In the case of 

conceptual understanding curricula, the top track students may 

do better in some areas (paper and pencil tests, homework, etc.), 

and lower track students may do better in other areas (willing

ness to engage with the concepts, seeing connections to everyday 

life.) The discrepancies between the students' performances on 

the unit tests and their actual understandings as shown in the 

clinical interview indicate that there are special problems in 

evaluating the progress of individual students taught a 

conceptual-understanding curriculum in a large group setting. 

First, there has to be careful articulation between the way 

students are taught and the way they are tested. If they are 

taught in a way which expects them to express their own ideas (as 

many constructivist and some conceptual change curricula do), 

then they should not be tested based on the "one correct answer" 

the teacher is looking for. There should be enough variability in 

how they are allowed to express their ideas when being evaluated 

that they will give their own ideas. If students' actual 

understanding of central concepts is what is to be evaluated, then 

they have to feel safe expressing their own ideas, rather than 

feeding the teacher what they think s/he wants to hear. 

Conversely, students who are skilled at giving the expected 

answers back to the teacher need to be probed carefully in order 

to find out what their own thoughts are. 

Even when grades are partially based on such "conceptual" 

techniques as concept maps and vee diagrams, students' general 

attitudes towards homework and testing may make it difficult to 

use these tools to assess actual understandings. Mctacognitive 

tools are supposed to aid the learning process; they are a way for 

the student to become aware of (and therefore reinforce or 

correct) their own ideas. In this study, concept maps and vee 

diagrams were used primarily to measure students' ability to 

match the teacher's template. Only in their conceptual drawings 

was variability allowed and their own ideas valued. While 

clinical interviews are not feasible as a regular way of 

evaluating student understanding by classroom teachers, they 

show potential as a way for teachers to spot check and monitor 



class progress. Metacognitive tools such as conceptual drawings. 

concept maps, and possibly vee diagrams also show promise as 

evaluation tools for conceptual-understanding curricula, but 

only if they are consistently used to value students' actual 

understandings (eg, in a mastery program where they get 

multiple shots at correcting incomplete or incorrect ideas). 

Otherwise these techniques become just another part of the 

regurgitation game. 

3. Are there discrepancies between the goals we have 

as educational researchers and curriculum developers 

and the functional goals which operate within 

classrooms? While making all students scientifically literate is 

an oft-espoused goal, few science courses are taught in ways that 

most students can understand and with e:>;plicit connections to 

everyday life. There are various reasons for discrepancies 

between goals and practice (see for eumple, Keddie, 1977 .) A 

conceptual understanding curriculum common to students in all 

tracks may find resistance among some parents, within school 

systems, or by state or national education systems, etc. Among 

other factors, a common curriculum taught well to a wide range 

of students may not serve as an adequate screen, separating 

potential scientists and from non-scientists (Fensham, 1986). A 

conceptual understanding curriculum is time-consuming and 

therefore e:>;pensive. It may work well for students who do not 

usually receive expensive academic resources. It may not give 

much advantage to students who are otherwise likely to be "the 

cream of the crop." Conceptual understanding-oriented 

curricula will only become widespread in their use if schools 

make a real commitment to teaching science well to all students. 

The rhetoric of e:>;cellence a.rul equity in national reports remains 

empty unless we e:>;plore curricular approaches which work well 

for a broader range of pupils. If we do have a commitment to 

scientific literacy for all students, then the ability of conceptual 

understanding curricula to engage students in learning (not just 

in schooling) makes them worth developing further. 
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APPENDIX A 

SCHOOL TASK QUESTIONNAIRE 

Ratings lly individuals 

CLASS 

ADV. 

.._ ~ 
::_--~' ~ ~ ..:t: 
~ -:~ 
~- ::~ 
J~ s~ 

stu.gen. a b 
# m/f 

1 m 3 
2 f 3 

9 m 4 
10 f 3 

2 
I 
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AVERAGE 3.3 1.5 

II 4 f 
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AVE. 12 f 

4 2 
3 I 
3 3 
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3 ~ 
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2 3 

2.5 3.5 

3 
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4 
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r 

4 
4 
3 
4 

3.8 

3 
3 
5 

g h 

3 
2 
I 
2 

2 

2 
4 
3 

5 
4 
3 
4 

4 

4 
3 
4 

3 
I 
5 
3 

3 

3 
4 
3 

total 

28 
20 
27 
23 

24.5 

24 
24 
28 

AVERAGE 3.3 2 3.3 2 3.6 3 3.6 3.3 25 

III 5 f 3 
6 m 4 

REM. 13 f 2 
14 m 3 

2 
1 
I 
2 

4 
I 
2 
2 

2 
I 
3 
3 

AVERAGE 3 1.5 2.3 2.3 

IV 7 
8 

AVE. 15 
diff. I 6 

f 
m 
m 
m 

3 
5 
3 
3 

2 
2 
2 
1 

AVERAGE 3.5 1.8 

V 17 m 
AVE. 18 f 

AVERAGE 

SCORE KEY 

I = enjoy a lot 

2 = enjoy 

3 =O.k. 

2 2 
3 2 

2.5 2 

4 = don't enjoy much 

5 = don't enjoy at all 

3 4 
5 5 
3 2 
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3 3 3 
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3 
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3 
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2 23 
3 25 

2.5 24 
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II 
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IV 
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APPENDIX B 

ENGAGEMENT IN SCHOOLING: 

"WILLINGNESS" RATING BY TEACHER 

stud. 
# 

gen. willingness 
m If 

1 
2 
9 
10 

m 9 
f 9 
m 8 
f 9 

AVERAGE 

4 f 
II m 
12 r 
AVERAGE 

5 f 
6 m 

13 f 
14 m 

AVERAGE 

7 f 
8 m 

15 m 
16 m 

AVERAGE 

17 m 
18 f 

8.8 

8 
7 
8 

7.6 

5 
9 
6 
8 

7 

5 
3 
6 
9 

5.8 

6 
5 

AVERAGE 5.5 

10 = high willingness; 1 low willingness 
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STANDARDIZED TESTING FOR MISCONCEPTIONS IN BASIC MATHEMATICS 

Ronald Narode, University of Massachusetts 

Overview 

For the past decade cognitive process researchers have 

m~dsured the prevalence of misconceptions in math and 

science among groups of students. Often the measure is 

accomplished through the use of an open-ended or multiple

choice question administered singly or with few additional 

items. The data achieved is used to support hypotheses 

about the prevalence and resilience of one or several 

misconceptions. Briefly, a misconception is a person's 

conceptualization of a problem or phenomenon that generally 

is reasonable to themselves but at variance from the 

conceptualization of an •expert" in the field from which the 

problem came. Since the objective of the test item is to 

corroborate experiential observations in the classroom or 

surfaced misconceptions in clinical interviews, little if 

any analysis of reliability and validity has been conducted 

on the items themselves. One naive but frequent complaint 

about items which evoke misconceptions is that they are 

"tricky". The intention of the item is not to trick the 

student, but to test for conceptual understanding by placing 

known misconceptions as options on the item. If the 

examinee's difficulty with the item results from an 

inadequate grasp of the concept which the item is testing, 

then the item and the •tricky" distractor has proved its 

usefulness. 

Research indicates that misconceptions are widespread 

and resistant to the benefits of instruction, [Clement,l982; 

Fredette, & Lochhead,l980; Minstrell,l986]. The predominant 

observation of misconceptions researchers is that 

misconceptions in the student must be addressed and overcome 

before a new and better understanding is attained. 

Misconceptions mdy be viewed as both a stumbling block for 

students and a sign~ost for the teacher. It follows that 

misconceptions ought to be incorporated into standardized 

tests which attempt to assess the level of understanding 

atuong examinees. 

This study examines some of the problefus which arise 

from incorporating misconctptions into a standardized 

placement exam for the selection of students into a college 

remedial math course. Soffie of those problems are: 

* Items containing misconceptions {HI, 
misconception item] are more difficult than 
items which do not contain misconceptions. [Low 
p-values] 

• His correlate puorly with items which do not 
contain misconceptions. [Low item/total-test
score point biserial correlations] 

* In a multiple-choice HI the distractor which 
containd the misconception is often chosen more 
frequently than the correct answer even by 
students who are proficient with non-His. 
[Positive or near-zero distractor/total-test
score point biserial correlations on distractors 
with misconceptions) 

All of the mea~ures listed abov~ are reliability measures 

from classical test theory [CTT) and would suggest removal 

of the HI from the test or removal of the misconception-

distractor from the item. 

An analysis of His using Item Response Theory [IRT] 

indicat~s that His are in fact useful items. Developed 

primarily by Lord (1952, 1953a, 1953b), IRT attempts to 

relate the likelihood of a correct response to an item to an 

individual's ability. Assuming that the test measures only 

one trait (unidimensionality), then the probability of a 

correct response to an item depends on two variables only: 

the item and the examinee. Quantitatively, the examinee is 

assigned one number (for ability) while the item is assigned 

one, two or three numbers, (for discrimination, difficulty 

and pseudo-chance "guessing") depending upon the specific 

IRT model used. The present study uses a modified three-



para1ueter logistic mudel which derives from the work of 

Birnbaum (1957, l958a, 1958b, 1968) and Lord ( 1974). The 

following were observed: 

* His are difficult, but not much more difficult 
than non-His. 

*His discriminate well among examinees, 
especially at the high-end of abilities. 

* There appears to be less guessing on His than on 
non-His. 

While CTT is useful in the analysis of His, it is 

inadequate in that cognitively interesting and valid items 

may be discarded. IRT adds qualitatively different 

information to item analyses which contributes significantly 

to the selection and interpretation of His. It is suggested 

that tests which incorporate misconceptions into items be 

analyzed with both CTT and IRT. 

Although validity was the primary motivation for this 

study, there are few quantitative medsures of validity 

appearing. Following Anastasi's (1986) recowmendation, 

validity was built into the present test from the outset 

rather than being addressed in the final stages of the 

test's development. The items in the test reflect the 

content of the course which students were placing out of, 

and the items with misconception~ tested the degree of 

understanding of specific topics taught in the course. 

Prior research, psychological theory and teaching experience 

contributed substantially to thu generation of these items. 

NevertJ.,:less, it would be difficult to ascertain construct 

validity since there is as yet no concisely described 

psychological trait which accurately conveys the kind of 

understanding needed to succeed on mathematics items which 

contain misconceptions. While the remedial math course is 

aptly descr1bed as "Quantitative Reasoning" one would be 

hard-pressed to find a suitable description that would lend 

iLself to careful quantification. Perhaps the most useful 

measure of construct validity is the overall reliability of 

the test to indicate the presence of a cluster of skills 

with a high degree of intercorrelation. Furthermore, no 

suitable criterion has been found from which a criterion 

validity correlation may be conducted. With the development 

of new tests of similar construct and content, criterion 

validation will be possible. 

DATA COLLECTION 

The data for this study represents the test results of 

618 freshmen who were diagnosed as math weak from a previous 

placement test. The Hath Department at the University of 

Massachusetts tests all incoming freshmen to ascertain their 

level of math ability. Those students who demonstrate a 

need for a remedial math course are then sent to the Basic 

Hath Program of the Cognitive Processes Research Group 

[CPRG] for placement into either of two remedial courses. 

Hath 010 is a remedial course in quantitative reasoning, 

which mainly teaches arithmetic. More specifically, the 

content of Hath 010 is: fractions, decimals, percents, 

exponents, solving linear equations, simple applied 

geometry, and algebra translation tasks. The second level 

of the remedial program is a course entitled Hath 011, 

Introductory Algebra. Both courses stress conceptual 

understanding in addition to rote algorithmic computation 

and symbol manipulation. Story problems and problems which 

incorporate or elicit ~isconceptions are often used to 

foster and challenge the students' understandings. 

The CPRG placement exam is composed of 28 items which 

reflect all areas of course content for Hath 010. (See 

appendix 1). Students who score at least sixteen of the 

items correctly may enroll in Hath 011. Anyone scoring less 

than sixteen correct must first take Hath 010. All of the 

items are five-option multiple-choice items which are 
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machine scored. Several of the item~ contain common 

misconceptions which appear in research (Rasnick & Clement, 

1980; Benander & Clement, 1985), and which six years of 

experience teaching the course indicates are prevalent among 

the 010 student population. The content on the placement 

exam is similar to a Hath 010 final examination, although 

the format is quite different since the placement exam is 

the only exam in Hath 010 which is multiple choice. 

Instructors administered the test on the second day of 

classes to all entering students in Math 010 and Hath 011, 

regardless of preregistration. The first day of classes 

consisted of administrative details only. Exactly thirty 

minutes was allowed for testing. Instructors reported that 

virtually everyone had finished in the allotted time. 

Following scoring, students were reassigned to their proper 

cldsses; usually two class days after the exam date. 

The exam wa~ administered to two separate groups in the 

Fall and Spring semesters. Measures were instituted to 

secure the exam to prevent cheating. Although the testing 

times differed, the test was identical both semesters, and 

since all of the students had been diagnosed math weak from 

a previous math department placement exam (composed mostly 

of items from the Mathematical Association of America item 

bank), it can be safely assumed that the two groups are 

similar in ability, and that test conditions for both groups 

were also similar. Because the Item Response Theory (IRT) 

analysis is more reliable with a n>600, the data from both 

groups were merged. 

DATA ANALYSIS 

Two computer softward packd~es were used in the 

analysis of the data. HERMAC (1971) uses Classical Test 

Theory (CTT) to analyze and report test and item statistics 

together with individual student response reports. LOGIST 

(1982) uses Item Response Theory (IRT) to analyze item 

parameters and individual student abilities. A more 

detailed description of these analyses follows. 

MERHAC 

A summary of test statistics, as reported by MERHAC, 

(Bussel et al, 1971) appears in Appendix 2. The close match 

between the mean and median scores indicates a near normal 

distribution which was also evident in the frequency 

distribution reported by MERHAC (not shown here). The 

average test difficulty, 

mean score p • 0.43 
Total # of Items 

is low by comparison to most math ability tests which have 

p > 0.6. [Tinkelman, 1971], but is understandable in 

consideration of the group. Although it is surprising that 

college freshmen would do so poorly on so simple a test as 

this, one would not expect high scores from a group already 

diagnosed as needy of remediation. Low p-values also affect 

the overall test reliability. The optimum average item 

difficulty for a five-option multiple-choice test is about 

p•0.7 (Tinkelman, 1971). The error variance due to chance 

is decreased since less guessin& occurs on easier items than 

on difficult ones. Consequently, the test reliability is 

increased. In fact, the CPRG test reliability, calculated 

with the Kuder-Richardson Formula #20, is reported at 0.78, 

which is quite acceptable considering the few number of 

items and the homogeneity of the group. It should also be 

noted that items were not removed for being too difficult, a 

phenomenon common to many math tests (Leinwand, 1983), since 

this would invalidate a test which attempts to ascertain 

conceptual understanding. 

HERHAC also provides item analyses which provide 

information in three different formats. A dot graph of 



student groups distinguished by quintiles is plotted against 

the percent correct for that item. A clearly increasing 

shape indicates a relatively high correlation between that 

item and the rest of the test 

Item I Percent of correct response by fifths 

1st + • 
2nd + • 
3rd + • 
4th + * 
5th + 

+----+----+----+----+----+----+----+----+----+----+ 
0 10 20 30 40 50 60 70 80 90 100 

Figure 

One difficulty in interpreting these graphs comes from 

the fact that the quantities are not at equal intervals in 

terms of score range. Students in the first quintile scored 

in the range between 17 and 26 items correct while those in 

the fifth quintile scored between 0 and 7 correct. The mid

three quintiles each had a range of only three items. This 

would of course be the case for any normally distributed 

test population. HERHAC mitigates this difficulty by 

providing a matrix of the number of responses made by each 

qulntile to each item option and the number of omits for 

each item. The overall proportion of students selecting 

each of the distractors is also reported above the 

option/total test score point biserial (see appendix 3). 

Option/Total-Test-Score Point-Biserial Correlation 

where: 

Sx j Pi. 
1 - P1 

rx 

X
0 

• mean of X scores among examinees 
selecting option 0 

X • mean of X scores among all examinees 
S • standard deviation of all scores 
pf • item difficulty 

When the option is the correct response (marked with 

parentheses), then the item total-test-score point-biserial 

correlation is calculated. One would expect good items to 

have a positive correlation on the correct response and 

negative correlations for all of the distractors. The 

average item/test correlations for mathematics items is 

about 0.6, which is hi~h when compared with the average 

item-test correlation for social studies items which runs 

about 0.4 (Tinkelman, 1971). The present test has a 

comparatively low item-test correlation of 0.376, which 

occurs mainly because of the presence of HI's, which have 

lower item-test correlations and positive distractor-test 

correlations. This phenomenon will be considered more 

thoroughly in another section. 

LOGIST 

The LOGIST computer program (Wingersky, 1983), reports 

item analyses on the basis of an Item Response Theory [IRT] 

test model. [For a thorough review of IRT, see Hambleton 

and Swaminathan ( 1985), and Hambleton ( 1983).] As mentioned 

earlier, IRT estimates the probability of a correct response 

to an item from an individual at any ability. The 

mathematical model used by the LOGIST program is the three

parameter logistic model which is a modification of the two

parameter logistic model developed by Birnbaum (1957). The 

three-parameter model is described by the function: 

where: 

Pi(~) • the probability that an examinee with ability 
level & answers item i correctly; 
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b. 
1 

a & 

i 

c. -
1 

the item difficulty parameter which is the 
point on the ability scale where an 
examinee has a 

1 +c. 
1 

2 
probability of answering correctly. 

the item discrimination parameter. 

the pseudo-chance level parameter which 
represents the probability of low ability 
examinees correctly answering an item. 

The following item characteristic curve [ICC) is a 

graphical representation of the result of LOGIST item 

parameters for item ~20 on the placement test: 

ITEM :20 

'· 0 

.9 

.9 

,7 

.a 

.:l 

. o-+..:t....~:..,.---,r-.,.--;--r--r---r-rl--r I I I 
-3. 5-3.. 0 -6. 5 -a. 0 -L. 5-1. 0 -. 5 • 0 6.0 6-S 3.0 S.S 

Figure 2 

Thb ability scale is on an axis from negative infinity to 

positive infinity, and is standardized with a mean of 0 and 

a standard deviation of 1. Theoretically the b-values can 

be any number, although b-values are generally in the range 

of -3 to 3. The lower asymptote indicate~ the level of 

guessing. On this particular item the c-parameter is just 

above 0.1. The fact that this is a five-option item implies 

that there was less guessing on this item than random 

probability would suggest. The b-parameter is about 2.2, 

which suggests that this is a relatively difficult item. 

The steepness of the curve is a measure of the 

discrimination of the item. The position of the inflection 

point on the ability scale is the b-value, and besides 

difficulty, it indicates at which ability level the item is 

most discriminating. 

Fitting The Model To The Data 

After obtaining item parameters using LOGIST a 

goodness of fit study (Hambleton and Murray, 1983) was 

conducted to evaluate the success of the three-parameter 

logistic model in predicting the observed data. A computer 

program prepared by Murray, Hambleton and Simon (1983) was 

used to conduct a residual analysis of the logistic test 

data. The program first divides the ability scale into 12 

equal intervals between ability scores of -3.0 and 3.0, and 

then calculates the expected p-values at each ability level 

and for each ~tern using the three parameters of the logistic 

model. Residuals are computed by subtracting these 

estimated p-values from the observed p-values. The average 

residual for the entire test is -0.018, which suggests that 

the model predicted a slightly easier test than was 

experienced by this group. The average absolute residual is 

0.067. Both values indicate a relatively close fit of model 

to data. Since the program also computes these residuals 

for each item and ability level, further study indicates 

which items and abilities are best accounted for by the 

model. The weighted average residuals for all of the items 

appeared similar (within 0.05 of each other), and mostly 

(0.02 in absolute weighted average residual~, indicating 

that the model fit the individual items well. The smallest 



residuals appeared in the ability levels from -0.25 to 1.25. 

Apparently the model fits the data best at the ability 

levels which are slightly higher than average. This is 

useful since the test is being used to measure minimum 

competency for placement. Students with low ability will 

need the lower level remedial course certainly, while 

students of very high ability will test into the higher 

level course. The difficult decisions will occur with 

students somewhere in the upper middle group; precisely the 

ability level best predicted by the model. 

Analysis Of Two Misconception Items 

To illustrate the problems associated with using His 

in a multiple-choice format two exemplary His were selected 

from the present test. Items #9 and #20 contain 

misconceptions within their distractor choices. The 

misconception~ in both items appear in previous research. 

Item #20 (see Appendix 1) contains a misconception 

concerning the concept of variable (Rasnick, 1981). The 

misconception is referred to as the reversal error since the 

most commonly chosen answer {even when not appearing in a 

multiple-choi~e format) involves an equation whose 

coefficients are reversed from the correct order. In item 

#20 the correct response is "d", se-w. However, only 19% of 

the examinees responded correctly, while 46% selected 

distractor "b", SW•C. Although the item/test point biserial 

is 0.26, which is about two-thirds of the average item/test 

point biserial, the distractor/test point biserial for 

option "b" is 0.04. The distractor with the misconception 

correlates poorly with the rest of the test because it 

attracted so many of the high scoring examinees. These item 

statistics would suggest that to achieve higher test 

reliability the item or the distractor should be removed 

from the test. But research suggests that misconceptions 

with the concept of variable are best diagnosed with 

precisely this type of item. Classical Test Theory can be 

viewed as placing a barrier between cognitive process 

research and standardized testing. 

Item Response Theory can aid the test constructor in 

analyzing a test incorporating His by providing another 

perspective on item characteristics. The graph appearing in 

figure 2 illustrates an item characteristic curve for item 

#20. The slope of the line at the point of inflection is 

determined by the a-parameter, 1.05, which indicates a well 

discriminating item, especially among higher-ability 

examinees, as given by the b-parameter, 2.24. Although CTT 

indicates the relative difficulty of this item (low p

value), the low item/test point biserial would indicate that 

the item is a poor discriminator, IRT yields a very 

different interpretation. 

The lower asymptote is given by the c-parameter, and is 

0.12, which indicates that the probability of the lower 

ability students getting th~ item correct (probably by 

guessing) is less than 0.2 which is the probability of a 

randotoly chosen correct response. One hypothesis for this 

behavior is that the misconception-distractor is not only 

attractive to mid and higher ability students, it is also 

extremely attractive to low and lower ability students. An 

examination of the matrix of responses by quintiles in 

MERMAC confirms this hypothesis; 50% of the examinees in 

the fourth quintile selected distractor "b", while 39% of 

the examinees in the fifth, and lowest quintile, selected 

distractor "b". It should also be noted that the residual 

analysis of the logistic test data showed the compatability 

of model to empirical data higher for item #20 than most of 

the other items. The average absolute residual for item #20 

is 0.033, while the average for the test was 0.067. IRT can 

predict performance on this item for any ability examinee 

with a high degree of accuracy. Furthermore, the item is 

useful in that it discriminates well among examinees. 

Iteto #9 is a HI with similar item characteristics as 

item #20 although the misconception is quite different. 
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Item D9 (see Appendix 1) contains a misconception in 

distractor "b" which identifies a part/whole confusion in 

fractions concepts, (Benander & Clement, 1985). Instead of 

taking a "third of the remainder", many students simply take 

a third of the whole. Some students will misread the 

problem by deleting the phrase "of the remainder" even after 

they've been asked to reread the problem for accuracy. 

Apparently the misconception is so strong as to cause the 

student to read information into, or in this case, out of, 

the problem. 

The CTT analysis is very similar to the analysis of 

item D20. Only 19% of the examinees scored item D9 

correctly. The correlation with the rest of the test is 

0.34, which is close to the average item/test correlation. 

Distractor "b", which contains the misconception, attracted 

47% of the examinees, and correlated near zero with the rest 

of the test (rpbi• -0.05). As in item 120, this item or its 

ruisconception-distractor should be removed from the test to 

improve the test's overall reliability. 

Again, as in item 120, the IRT parameters indicate 

that this item discriminates well (a- 1.797), especially 

among higher ability examinees (b • 1.81). There is also 

less guessing on this item (c • 0.11). According to IRT 

this item can remain in the test since it contributes to the 

overall determination of examinee ability in an area that 

the test constructors wish to measure. 

Conclusion 

The inclusion of His in standardized multiple-choice 

mathematics exams can aid in identifying students who have a 

weak or confused understanding of certain concepts. The use 

of Mls is problematic since the standard analysis of items 

using Classical Test Theory indicates that by discarding the 

item or the distractor containing the misconception the 

reliability of the test is improved. This is due to low p

values, low item/test correlations and misconception-

distractors which attract even the higher ability students. 

Unfortunately, discarding the HI would amount to a trade-off 

of validity for reliability. 

Item analyses using Item Response Theory aids the test 

constructor enormously. Not only are Mls acceptable, but 

they are statistically good items. IRT indicates that Mls 

discriminate well among examinees, especially higher ability 

examinees. IRT also gives the probability of a correct 

response to an item for an examinee of any ability. The 

item-characteristic curves illustrate graphically how the 

different items differentiate among examinees of varying 

abilities. Perhaps most importantly the IRT item parameters 

are independent of the group tested, a characteristic that 

is certainly not true of CTT statistics 

It is suggested that test constructors of standardized 

mathematics tests incorporate misconceptions into their 

items to test for conceptual understanding and that both CTT 

and IRT are used in their analysis. 



APPENDIX I 

Math Diagnostic Test 

Please fill in the appr:opr:iate space on your: answer: sheet. 
Do not wr:ite on this t.:lst. Scr:ap paper: will be provided. 

I ) 
5 
6 + 4 

6 7 I 
d. 

13 
None of the above a. b. c. 112 24 

e. 
10 12 

2) 2..!. 8 
4 X 15 

1..!. 8 2 7 
of the above a. b. 260 

c. 21s 
d. 4

32 e. None 
5 

3) 3l .1 2 
4 5 

2..!. 4 1 4 
a. b. c. 3

20 
d. 

9 4 25 
e. None of the above 

4) Convert 5/8 to a decimal. 

a. . 5 b . .625 c. 1.6 d. .58 e. None of the above 

5) Convert . 7 to a percent. 

a. 70% b. 7% c .. 7% d •. 07% e. None of the above 

6) Add .06 + 4 + 3.8 

a. 8. 4 b. 7. 86 c. 7. 8 d. 4.8 e. None of the above 

7) Divide .048 by 2.4 

a. . 002 b .. 05 c. . 02 d •• 005 e. None of the above 

8) What is 20% of 7.5? 

9) 

10) 

a. I. 5 b. 15 c. 3. 75 d. 3 7. 5 e. None of the above 

Four: people shar:e a pizza in the following way: Tom got a 
third and Mar:y got a third of the remainder: while Dick and 
Har:r:y sha>ed equally what Tom and Mar:y did ~get. What 
fraction of the whole pizza did Harr:y receive? 

a. 
I 
3 

b. 
I 
6 c. 

2 
9 

d. 
4 

e. 
3 
2 

A bicycle that r:egular:ly costs $360 is on sale for: $306. By 
what percent has the pr:ice been reduced? 

a. 10% b. II% c. 6% d. 54% e. 15% 

Evaluate the following expressions, when x • -2: 

II) X - 2(3 - x) x(x - 5) 

a. 6 b. 0 c. 4 d. -26 e. None of the above 

12) 5x 

__.!. 
a. -25 b. 25 c. -10 d. 25 e. None of the above 

13) 5 3 + 2 - X 2 

a. IB b. 2 I c. 9..!. 
2 

d. 7..!. 
2 

e. e..!. 
2 

14) 
I I 3 
2 

+ 
X 

a. 3 b. 4 c. 2 d. -I e. 1 
-2 
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15) Calculate the outside surface area of a hollow tube: 

:z-""=otl a. 12.5 feet 

b. 150 square inches 

15" c. 50 inches 

_l 
-------

d. 471 square inches 

e. 75 inches 

Write the following numbers in scientific notations: 

16) 3,583,000 

a. 3.5 X 10
6 

b. 3.58 c. 3.583 X 10 3 d. 3.583 X 10
6 

e. 3583 X 10 3 

17) .00004 

a. .45 b. 4 X 10- 5 c. .04 d. .4 X 10-4 

e. None of the above 

Solve the following equations (find the solution set): 

18) 2(5 - t) + 6t - t + 22 

19) 

a. 

a. 

4t 
10 

6 b. 

- 2t + 2 

b. 10 

l1 
5 

c. 

1 
c. -8 

3 d. 

d. 

g 
5 

-8 

e. None of the above 

e. None of the above 

20) For every person who orders chocolate milk, five order white 
milk. Write an equation wnich shows the relationship between 
•c•, the number of people who order chocolate milk, and "W" 
the number of people who order white milk. 

a. SW + C • 6 b. sw • c c. c d. sc • w e. c + w - 6 
5W 

21) What day precedes the day after tomorrow if four days ago was 
two days after Wednesday? 

a. Tuesday b. Wednesday c. Thursday d. Sunday 

e. None of the above 

22) A recipe for Crisp Crackers: 

use? 

a. 

d. 

23) 

li cups wheat flour 

4 

1 
4 

3 
4 

1 
2 

cup seeds (sesdme or caraway) 

cup peanut oil 

teaspoon salt 

cup water 

If all I have is 1 cup of wheat flour, how much salt should I 

teaspoon b. 3 
4 teaspoon 

l c. 
2 teaspoon 

1 teaspoon e. l teaspoon 
3 4 

How many jars of water are needed to fill a 23_! liter jug if 
2 

each jar contains 0.4 liters? 

a. 0.4(23.5) b. 23.5- 0.4 £(47) 
c. 5 2 

24) All items in a store are discounted 20%. Identify the 
expression ~hich will calculate the sale price of an item. 

a. 20P 2. 0. 2P c. ~p 
5 

d. l' - 20 e. 1201' 



25) A bathtub can hold 124 Liters of water. 1/4 of the tub was 
filled in 20 minutes with the faucet turned on. How much 
longer will it take to fill the tub completely? 

3 
a. 4 of an hour b.40 minutes c. 80 minutes 

e. none of the above 

26) How many millions are in 1.8 billion? 

27) 

a. 18 b. 1 '800 C, 181 000 

3 
Which number is closest to TOO 

a. On11 Third b. I. 003 c. 3. 100 

d. 1. 8 

d. 0.103 

d. 1 hour 

e. 0. 18 

e. 0.031 

28) What is the perimeter of the right-angled place figure below? 
All measurements are in inches. 

4U 

:!(J a. 260 
~ 

f 
b. 230 

c. 200 

40 d. 170 

1 
e. None of the 

Above 

lu 

Number of Items 

Mean Score 

Median Score 

Standard Deviation 

Reliability (KR-20) 

S.E. of Measurement 

Possible Low Score 
Possible High Score 

Obtained Low Score 
Obtained High Score 

Number of Scores 
Blank Scores 
Invalid Scores 
Valid Scores 

APPENDIX 2 

Summary of Test Statistics 

28 

12.01 

11.74 

4.82 

o. 777 

2.28 

0 
28 

0 
26 

618 
0 
0 

618 
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Al'l'ENDIX 3 A B c D E Omit A B c 

16 l'rop 0.08 0.02 0.21 (0.34) 0. 30 0.06 1. 51 1.13 0.20 
Rl'BI 0.01 -0.14 -0.21 (0.48)-0.13 -0.30 

Item Distractors IRT parameters 17 l'rop 0.09 (0.43) 0.01 0.29 0.13 0.05 0.93 0.93 0. 20 
A B c D E Omit A B c Rl'BI -0.17 (0.45)-0.08 -0. 13 -0.12 -0.29 

l'rop 0. 17 0.02 (0.63) 0.05 0. 13 0.01 0.82-0.12 0.20 18 l'rop 0.04 0.06 0.09 0.09 (0.61) 0. 10 0.46-0.08 0.20 
Rl'BI -0.38 -0. 11 (0.45)-0.14 -0.04 -0.22 Rl'BI -0.08 -0.13 -0. 13 -0.07 (0.40)-0.30 

2 l'rop (0.52) 0. 13 0.08 0.06 0. 18 0.03 1. 01 0.43 0.20 19 l'rop (0.22) 0.17 0. 12 0.07 0.24 0. 19 1. 68 1.560.15 
Rl'BI (0.49)-0.31 -0. 15 -0.08 -0.12 -0.22 Rl'BI (0.38) 0.00 -0.07 -0.02 -0.08 -0.24 

3 l'rop 0.05 0.04 0. 10 0.05 (0.68) 0.08 0.99-0.29 0. 20 
Rl'BI -0.16 -0.13 -0. 16 -0.12 (0.44)-0.27 20 l'rop 0. 11 0.46 0. 16 (0.19) 0.05 0.04 1. 05 2.24 0.12 

Rl'BI -0.10 0.04 -0. 10 (0.26)-0.07 -0.21 
4 l'rop 0.03 (0. 67) 0.08 0. 11 0.06 0.06 1. 24-0. 2 5 0. 20 

Rl'BI -0.14 (0.53)-0.20 -0.26 -0.14 -0.27 21 l'rop 0. 12 (0.32) 0.25 0. 13 0. 13 0.05 0.55 2.06 0.20 
Rl'BI -0.04 (0.27)-0.01 -0. 14 -0.11 -0. 12 

5 l'rop (0.54) o. 19 0.06 0.17 0.02 0.01 0.98 0.42 0.20 
Rl'BI (0.48)-0.20 -0.13 -0.26 -0.05 -0.20 22 l'rop 0.02 0.03 (0.40) 0. 17 0.31 0.07 0.75 1. 11 0.20 

Rl'BI -0.11 -0.05 (0.28)-0.12 -0.06 -0. 16 
6 l'rop 0.02 (0.88) 0.00 0.02 0.07 0.01 0.64-2.79 0.20 

Rl'BI -0.05 (0.36)-0.06 -0.17 -0.27 -0.20 23 l'rop 0.30 0.10 0. 17 0. 11 (0.14) 0.17 2.00*1. 59 0.11 
Rl'BI -0.05 -0. 16 -0.01 0. 10 (0.33)-0.20 

7 l'rop 0. 12 0.04 (0.69) 0.03 0.09 0.03 0.23-1.36 0.20 
Rl'BI -0.09 -0.15 (0.29)-0.04 -0. 11 -0.22 24 l'rop 0.11 0.45 (0.24) 0.10 0.01 0.09 1. 54 1.650.19 

Rl'BI -0. 13 0. 15 (0.25)-0.24 -0.09 -0.21 
8 l'rop (0.63) 0.08 0. 10 0.06 0.08· 0.05 0.62-0.19 0.20 

Rl'BI (0.35)-0.07 -0.16 -0.08 -0.10-0.26 25 l'rop 0.06 0.05 0.23 (0.47) 0.11 0.09 0.37 1.05 0.20 
Rl'BI -0.08 -0.08 -0.03 (0.27)-0.11 -0. 17 

9 l'rop 0.11 0.47 (0.19) 0.14 0.04 0.05 1. 80 1. 81 0.11 
Rl'BI -0.13 -0.05 (0.34)-0.04 -0.11 -0.14 26 l'rop 0.21 (0.40) 0. 14 0.06 0.07 0. 13 0.75 0.90 0.20 

Rl'BI -0.03 (0.31)-0.08 -0.13 -0.11 -0. 16 
10 l'rop 0.09 0.09 0.15 0.04 (0.57) 0.06 0.57 0.13 0.20 

Rl'BI -0.14 -0.06 -0.16 -0.14 (0.36)-0.14 27 l'rop 0.11 0.09 0. 11 0.06 (0.53) 0.10 1. 30 0. 24 0. 20 
kl'BI -0. 16 -0. 13 -0.25 -0.09 (0.50)-0.21 

11 l'rop 0.12 0.07 0.05 (0.28) 0.41 0.07 1. 13 1.47 0.20 
Rl'BI -0.03 -0.08 -0.10 (0.38)-0.12 -0.23 28 l'rop (0.30) 0.31 0.02 0.09 0.17 0. 11 1. 10 1.56 0.20 

Rl'BI (0.33) 0.04 -0.06 -0.14 -0. 13 -0.22 
12 l'rop 0.28 (0.22) 0.05 0.29 0. 12 0.04 1. 78 1. 61 0. 12 

Rl'BI -0.07 co . 40 > -o . 1 1 -0.09 -0.04 -0.24 

13 l'rop (0.37) 0.05 0.25 0. 15 0. 10 0.08 0.86 1.50 0.20 
Rl'BI (0.40)-0.08 -0.03 -0.21 -0. 11 -0.20 

14 l'rop 0.20 0.18 (0.41) 0.08 0.04 0.08 1. 17 0.89 0.20 
Rl'BI -0.16 -0. 12 (0.44)-0.07 -0.09 -0.24 

15 l'rop 0.04 0.55 0.11 (0.13) 0.06 0.11 1. 32 1.73 0.10 
Rl'BI 0.04 -0.06 -0. 17 (0.31)-0.04 -0.07 

Item Distractors IRT parameters 
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ALTERNATIVE FRAMEWORK OF STUDENTS IN MECHANICS AND ATOMIC PHYSICS 

METHODS OF RESEARCH AND RESULTS 

Hans Niedderer 

University of Bremen, F.R.of Germany 

1. INTRODUCTION 

Our approach to research and improvement of physics teaching on the high 

school level ie centered around three aspects: 

(1) Our own investigations since 1970 (e.g. Niedderer, 1972) as well as 

the work of many other authors all over the world (cf. Duit 1985, 

Frey 1984, Helm 1983,Pfund 1987) seem to converge in building up a 

strong paradigm for research in science education: Learning pro-

ceases are based on students' frameworks and conceptions. Therefore 

it ie necessary to investigate how students get their conceptions 

about physical phenomena and issuee.Correepondingly, our first ajm 

i.e to investigate the students' •matrix of underding" (see below) in 

various thematic fields (mechanics, atom physics) of high school and 

college physics. 

(2) Starting from a teaching project "Theory of Science and Phyeica Tea

ching•, we have tried to apply the reaulte of the eo-called "New 

Philoaophy of Science" (Lakatos, Kuhn, Feyerabend, Toulmin et al.: 

cf. Brown 1977) to our research of science teaching. This resulted 

in defining the concept •matrix of understanding" (which ia to be 

described below). We ere convinced that the process of learning ie 

determined for each student by this •matrix of understanding•. From 

this hypothesis we have developed a new approach to physics teaching 

which centers around students' questions, expectations and ideas 

("SchOle~vorverstAndnis orientierter Phyeikunterricht" - SVU). This 

view of physics teaching ie similar to that of R.Driver, R.Oeborne 

and others. An additional aim of this kind of teaching ie to give a 

more realistic picture of phyeice to the students. In two investiga

tions of our group, Baumgart, KrOger and Schecker evaluated that 

teachers and students mostly have a naive-empirietic view of methode 

and results in physics. (KrOger 1982). In the course of discussing 

concepts, experiments and phenomena we therefore put in information 

about the historical background and ahow parallel& between histori-

cal issues ftnd students' interpretfttiona. 

(3) It is our conviction that there has to be a connection between re

search in science education and the development of new learning ma

terials for students and teachers. We do not develop complete curri

cula (as we did in the early 70s), but special units in addition to 

current physics teaching. For these purposes we cooperate with about 

20 physics teachers whom we supply with teaching materials, histori

cal texts, new experiments and interesting issues for discussion. 

They give us the opportunity to gain information from their physics 

courses through teste, interviews with their students and recordings 

of lessons. 

2. THE CONCEPT "MATRIX OF UNDERSTANDING" 

From works of Kuhn (1976), Lakatos (1974), Holzkamp (1968) and others we 

have learned that the process of knowing in physics ie determined by 

belief systems concerning relevant subject matters, goals and methode 

which guide the acta of discovery (e.g. in experiments). While Kuhn 

speaks of •paradigms• or •disciplinary matrices" and Lakatos of "re

search programs" - concepts aiming at scientific communities - we call 

the respective ensemble of cognitive guidelines referring to an indivi

dual person in an act of discovery the •individual matrix of understan

ding" (cf. Niedderer 1975, Redeker 1981, Niedderer 1982b). An individual 

matrix of understanding ie the corpus of all dispositions that influence 

the way 8 person deale with a certain group of phenomena or problems. 

When students are confronted with a problem, certain dispositions from 

this set are activated and influence observations, ideas, descriptions, 

tentative explanations or the formulation of findings. 

An individual matrix of understanding consists of two main groupe of 

elements: 

1. General elements (relevant in more or less all fields of physics 

teaching): 

- general interests and frameworks (basic characteristics of 

approaching physical phenomena) 
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- idees about subject matters, goals end methods of physics 

(epistemological idees) 

2. Specific elements (relevant in special subjects, e.g. mechanics 

or atomic physical: 

- interests in special subjects 

- preconcepts about particular scientific terms, principles, laws 

- specific knowledge and experiences. 

These two groupe ere intertwined ee will be shown in the following exam

ples. 

The matrix of understanding (MOU) ie a hypothetical construct. Its po

stulation can be justified by showing it to be a valid instrument for 

interpreting end understanding students• behaviour, especially their 

difficulties in learning. 

The seta of elements from individual MOUs among a sufficiently homoge

nous population (same age group end comparable amount of physics in

struction) can be reduced to a limited core of typical broad-based ele

ments. The aim of this reduction is to make the spectrum of MOUs more 

comprehensible end provide teachers with a manageable collection of cen

tral frameworks, preconcepte end interests. We call the common core of 

comprehension-guiding elements in a certain field of physics the "theme

tic~"· It can be structured in the same way ee an individual MOU (see 

above). 

3. RESEARCH PROGRAM 

The goal .of our research program - which ie described end applied in 

detail in Schecker (1985) - ie to develop thematic MOUe e.g. in mecha

nics end atomic physics that enable ue to understand, i.e. to recon

struct the behaviour of students in concrete instructional settings. 

Empirical date about the way students react to the presentation of cer

tain physical phenomena and ieeuee form the basis of our research pro

gram. 

This research program contains several gualitetive end guentitative me

thods (see below). The findings of these investigations ere related to 

specific hypothetical elements of the matrix of understanding (MOO) to 

supply arguments for agreement or disagreement with those hypotheses. 

The whole process is based on systematical interpretation rather then 

classical, empirical calculations. The process typically goes through 6 

stages (see also Fig.1): 

1. Gaining a first empirical basis from interviews, questionnaires 

end audio-recordings of physics lessons (Dataset I). 

One of the main tasks in this stage is to transcribe classroom-

dialogues: What do students actually say end do in physics courses 

(high school level)? 

2. Collecting, arranging end presenting the students' typical state

ments, questions, ideas, mistakes, difficulties. (Ordered extracts 

from Dataset I). 

3. Making hypotheses about elements of individual MOUs that can ex

plain the documented behaviour. Relating behaviour in specific 

situations to more general cognitive structures. 

The generation of those hypotheses is related to discussions about 

new idees in physics teaching (see below) end thus this process ie 

connecting empirical research to those idees of improvement. 

4. Forming the common core of elements that have proved to be impor

tant for interpreting students"behaviour: Thematic MOU. 

s. Expending the empirical basis, preferably by new recordings of 

physics lessons (Dataset II). 

6. Testing the postulated thematic MOU on ita capacity to reconstruct 

comprehensively students' actual behaviour by en interaction with 

the respective situational settings. (Examples ere taken from the 

new Dataset II). 



' 

Th!ll!lti< IQJ 

C~n care af trpic.:l el~nta 
frc. lad1 ridual P«X..a 

.------<of cont.e:t'D.i.nt a c.ert.a..iJI field af phJiit.a 

redut:tion on 
c~n c.ore 

tleeenu of 1ndi•tdua1 P«Xlt 

- tr-.worlu 

hypotheses 
1eneration 

Ordered utracu 

of daunt 1 

strik.inB utterances 
- t :rpical aistaku. 

- interelltin& idf'l'll 
~ foc.u.!le!l of atte-ntion 

analysis 

C.C.poneDtl! 
- 1•nerel lntnaau ud tr~rU 

- prtc:oac.epu and apec.t..l Lllura•t• 
- bovleclee and uperiuc.•• 

-- ;;c-:- r.u.-- -

,· 

1l1lY!l!l!n 
,.._uro of U.. 

iDIU'tiCUoaa..l Mttl.DJ 

pre•loo. S....truc:Uoa. 
'raae~~tat1Gfl of the 
,. •• Ua},__DOtl 

) 

U.!U em concept underataadtna 
1 

rKord~l• of 
; durtna 

atudenta • M.barioW' \ 
RSpert.ellt• t 

' ' tests on word aaaoc1et1on• ' II I 

' ' 
TRA~SCI PTS Of CLASSR

0
00H-DISCOURSE . 

quett!on.naire• on tdeaa abo1.1t 

~~. ~P!~~~~~~~c~: ~d~•-• _ ~ 
t••tl on 1aterestl 

f..t,pirgal bash: Students• IM!f).!•ioyr tn t ceru1n Held of ohutul phena.ru tnd probleas 

Fig. 1 

4. METHODS OF OUR EMPIRICAL RESEARCH 

4.1 General Idea 
A lot of researchers in the field of empirical atudies have made the 

following experience: You have done substantial work with a lot of 

data but the results do not mean very much in practice. To overcome 

this problem we try to apply the following principles: 

Generate hypotheses on the basis of theoretical discussions about 

the improvement of physics teaching and on qualitative data 

gained in physics lessons 

combine qualitative methods (recordings of classroom lessons, in

terviews) with quantitative methods (questionnaires, teats) to 

get data that are related to those hypotheses (to give evidence 

for or against a hypothesis 1). 

Our background perspective for generating hypotheses can be summari

zed in four aspects: 

(1) Our view is strongly influenced by the "new philosophy of scien

ce". It follows that we are interested in the students' philosophy 

of science with respect to their ideas of the relation between theo

ry and experiment, their expectations of aims in physics, their ge

neral way of dealing with concepts (compared with ways in everyday 

life or technics or physics). 

(2) We consider the learning of science to be a generative process 

(Osborne 1983b, Wolze 1986). We think this is similar to the so-cal

led "constructivist view of learning" (Kelly 1955, Strike 1982). 

That means we are interested in students• tools of scientific work 

and their metatheoretical conceptions, e.g. methods they prefer in 

their own working process (e.g. working with formula, taking empiri

cal data, discussion about analogies, etc.) 

(3) We ~ave developed and tested in practical physics teaching a new 

teaching strategy (cf. Niedderer 1987) which is strongly related to 

students' own questions and ideas, their own work and their own for

mulations of results. Therefore we look for students· interests, 

their associations and questions. 

(4) We take the physicist' a formulation& of concepts, principle& 

and laws aa the baais againat which we compare the atudents' alter

native viewa and their conceptions. 
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4.2 Single Qualitative Methode 

(1) Audio-recordings of physics leeeons. This is our main method of 

gaining data. We take audio-recordings of physics lessons, which are 

then transcribed and put into a process of interpretation (see Fig.1 

above). This method guarantees that our results relate to practical 

teaching situations. The material is especially useful, when tea

chers allow for the discussion among students. 

(2) Open experimental interview (cf. Bormann 1987). This method is a 

kind of clinical interview like Piaget' s. It typically starts with 

a first experiment (e.g. Hallwacha effect, electron diffraction tu

be), which is carried out by the interviewer without any (physical) 

explanation. The students (typically three students in one group) 

are asked to write down their first explanations on a sheet of pa-

per. This gives us data for further evaluation. Each student has to 

find his own first view before discussing it with one another. The 

students are then invited to discuss the experiment, to ask que

stions and to make proposals for additional experiments. This alto

gether is called stage ~· It can last from thirty minutes to one 

and a half hours. 

The whole interview has got two to four stages. A new stage is star-

ted by the interviewer with a new, short piece of information (e.g. 

a new experiment or a theoretical hint or a short passage from a 

textbook or a historical paper). 

(3) Other additional intarviewa during group work in lessons or af

ter filling in a questionnaire. 

4.3 Single Quantitative Methods 

(1) Questionnaires with thinking-type questions. Those questions are 

different from ordinary questions in lessons. Hardly any calcula

tions are necessary, but the students need a qualitative understan

ding of the underlying concepts and laws. Example (Schecker 1985, 

p.113): 

An ivory b~ll is being shot from a 
catapult and bounces against a steel 
blo~k in a distance of about 1m. 

Thia e~periment i~ set up on a billiard 
table. Fig.2 shows some action shots 
during the experiment. 

Put a v-t diagram into the coordinate 
system to show the process of the 
experiment. 

Flq.2: Trajectory of the boll 
seen from above 

(2) Teats asking for associations or a definition of a single 

word or concept, e.g. force, energy, atom, energy level. 

(3) Testa on interests. A set of statements like "To measure the 

speed of a moving car• are to be scaled from 1 (1 don't like this 

at all) to 5 (I should like this very much). 

(4) Questionnaires with open answers where students are asked to 

describe their views of certain aims and methods of physics. 

5. RESULTS ON ALTERNATIVE FRAMEWORK OF STUDENTS 

As discussed above we apply the concept •matrix of understanding (MOU)" 

to structure the findings and hypotheses about students• alternative 

frameworks. In the following I shall present some results in reference 

to the four aspects of our background perspective listed above: 

(1) Elements of the MOU describing the students' philosophy of science 

(see 5.1). 

(2) Alternative metatheoretical conceptions (see 5.2). 

(3) Interests of students (see 5.3). 

(4) Students' alternative concepts in physics (see 5.4). 

5.1 Elements of the MOU Describing the Students• Philosophy in Science 

First, I discuss a general difference between theories in science and 

"theories" in everyday life: Science is aimed at general theories and 



ieneral concepts, useful in a variety of aituations, whereas deacrip

tions in everyday life ~re ~lways related to single apecific situations 

(cf. BOhme t981, Redeker 1978). This has conaequences in subject matter 

ideas ~s well as in interests ~nd in the concept formation by studenta. 

In relation to this result of science philosophy Schecker (t985) found 

several elements of the MOU (EM) which will be described now with selec-

ted examples for evidence. 

EM t: The Task of Physics (subject matter) 

Students think physics should investigate specific single 

problems of every- day life with sophisticated methods. 

Example ~: The following two items were p~rt of a questionnaire 

"conceptions about philosophy of science" (N • 449). 

At) Physicists have to investigate processes we meet in 

everyday life mor exactly, more systematically and more sophi

sticated than "normal people" can do. 

AS) The aim of physica is to find general concepts. Physics is not 

so much interested in special results for specific problems. 

Results: At 

AS 

+ 9t\ 

+ 19\ 

4\ 

- 62\ 

7 4\ 

7t9\ 

+: agreement, -: diaagreement, 7: no answer (Schecker t985,p.t60). 

This means that students tend to agree with statement At. For them 

specific results in single problems are more important in physics 

than general concepta. 

Example.~ From an open question in the same questionnaire Schecker 

comes to the following types of students' arguments for the rele

vance of physics: 

- In everyday life we use concepts which are defined by physics. "We 

need physics to compute the velocity of people, of a car, a train, 

etc." 

- Phenomena of everyday life are explained by physics: "Physir.s ex

plains why you tend to fall forward if the train atopa". 

- Physics explaina how technical machines work: "Today physics 

is everywhere, in C8rS, rockets, weather, airplanes, etc." 

In all these types of answers students see physics in connection 

with single specific problems or technical machines. Students reply 

strongly to the capability of physica to be helpful in everyday li

fe. Sometimes this is combined with complaints on physics teaching: 

"Such things (single problems) are too seldom taken up in physics 

teaching. Mostly we learn something about "physics" and we don't 

know why. That is not interesting•. 

EM 2: Students tend to solve theoretical and abstract problems by 

tranaforming them into concrete situation& of the real world. 

Example !' A working paper for univeraity students (first eemeater) 

contained the following question: 

"A ball ie rolling down an inclined plane and immediately afterwards 

rolling up a similar inclined plane (no energy lose). Is this perio

dic movement a harmonic oscillation 7 Give x(t), V(t), and a(t) in a 

graph I" 

From tt students 3 did not answer, because they said they did not 

understand the question. They had drawn the two planes correctly but 

they supposed that this could not be meant, because the ball would 

spring at the edge, that would cause an energy lose and that was 

excluded in the question! 2 students reformulated the problem: it 

should be a circular plane. 6 students worked on the probl~ in the 

"right" way, but two of them asked similar questions before (Schek

ker t985, p.t38). 

This shows how students refuse an abstraction of a problem because 

they work with special concrete realizations in their minds. Their 

concrete realization "shows• them a picture of a jumping ball I 

Other similar examples show how students can· t "forget• friction 

because they use their concrete images of special processes in their 

environment. We have transcripts of classroom situations, where the 

teacher tries to idealize the motion of falling bodies in a horizon

tal motion with constant velocity and a vertical motion with con-
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stant acceleration. Students don't grasp these ideas because they 

discuss in detail the influence of air friction on the velocity of 

special movements. Students in those cases often really don·t un

derstand what the teacher aims at. 

But there are also students who distinguish between specificated and 

generalized viewpoints in a discussion of a specific phenomenon: "If 

there is no resistance of air, the velocity will increase. It will 

become more and more infinite but it will never really reach infini

ty ••• If we take air resistance into account, we will definitely 

reach a maximum velocity•. 

A corrolary to EH1 is EH3, formulatad in terms of students• inter-

eats: 

EM 3: students are specially interested in specific phenomena 

(e.g. single experiments) whereas physics or physicists or 

physics teachers are interested in special phenomena only as 

examples for a general concept or theory. 

Example !: In a classroom situation students were allowed to state 

their own questions and hypotheses around the problem: What does 

acceleration depend on (a • f(777)) 7 The students examined special 

cases of acceleration (a locomotive, a car on an inclined plane, a 

car accelerated by the wind of a hairdryer, etc.) and formulated 

corresponding questions inventing special forces for each example. 

Other examples show that students are interested in solving single 

problems in all details. Students invest a lot of work in describing 

and investigating such details of a special experimental apparatus. 

EH 4: students are more interested in practical and technical pro

~lema than in the generalized structure of a phenomenon. 

Example 5: In a thinking-type question students were asked to dis

euse the problem why a car may leave the road when driving round a 

curve. In spite of the explicit physics context of the item 30\ of 

the students used only technical terms in the discussion of this 

problem. They discussed the influence of rain, ice, driving too 

feat, bad reaction of the driver. Only about 40\ of the students 

used a physical viewpoint I (Schecker 1985, p.231 ff). 

Secondly I now discuss some elamenta of the students' HOU concarning 

the relation betwaen expariment and thaory. While an empiriatic view 

tends to aee theories davalop from a logical analysis of primarily 

found experimental data, a rationalistic view says on the contrary, 

that experiments are •only" rsalizationa (cf. Holzkamp 1968) of 

theories which were contrived before. 

EM 5: students tend to hold an empiriatic view. They think that 

physics leads to unique theories which come out of exact and 

sophisticated experiments and measurements. The theoretical 

viewpoint at the beginning of an experiment is lese impor

tant. 

Evidence to this result ie given by two earlier investigations in 

our group (KrOger 198<2). He found that most students (about 70\ l 

tend to hold an empirietic view (theories are verified by experi

ments, formulas give an objective description of nature, theoretical 

knowledge comes out of experiments, etc.) Schecker (1985) gives more 

examples from current physics teaching and a new questionnaire. 

The elements EM 1 to EM 5 of the students• matrix of understanding 

(HOU) show parts of a picture of the students• philosophy of scien

ce. They show big differences between the viewpoint of physics and 

that of the students. While the first four elements are supposed to 

be due to everyday life thinking (aimed at specific situations and 

not at generalized concepts), the fifth element probably is a •re

sult" of physics teaching itself; Teachers tend to spend very little 

time on reasoning about questions, hypotheses and theoretical back

ground before starting an experiment. The observations and results 

from every experiment are given quickly and in a straight way (be

cause of the lack of time). 

5.2 ElemRnte of the Students• HOU Describing Hetatheoretical 

Conceptions 

Schecker (1985) has found six elements: Thinking in properties, thinking 

in an activity-scheme (causality-thinking), thinking in purposes and 



aime, thinking in analogiee, using formulas ae dominant language of phy

sics, global thinking. 

All these dimeneiona can be useful tools for the aludent to start deve

loping own explanatione, questions, theoretical backgrounds. They allow 

him to begin a process in which he activatea hie own thinking and thia 

ie the beet for learning. Most of these elemente have been found by many 

othere, too. (cf. Jung 19B1a). 

5.3 Studente' Interesta, Especially in Mechanics 

To allow for etudente' own activities to enable "learning as generative 

proceee• it ia moat relevant to know their interests ae n kind of direc

tion of motivea. We already have described two intereets above (EM 3 and 

EH 4), which are very important to find strategies for a generative pro-

cees Students ahould get the chance to work on a single phenomenon and 

it ie useful, if there ie a technical or practical component. Ae for 

mechanics, Schecker (1995, p.243 ff) has found a specific interest: 

EH 6: Studenta prefer to diseuse dynamic aapecta of motion. Kinema

tic descriptions have lese importance for them. They ask more 

questiona about causes, forces and energy than about the rune

tiona x(t), v(t), a(t). 

Example ~: In a word asaociation teat on •motion" moat aeeociations 

(30\) came from acceleration and velocity. Force and energy had lese 

than 20\. This reault does not give evidence for EM 6. We still keep 

the hypotheses because of atrong evidence from other sources. 

Example z: In several classroom dialogues Schecker (1985) shows, how 

teachers tend to consider primarily kinematic "descriptions• of mo

vements (in the first part of a mechanics course), whereas students 

insist on discussing causes, forces and energy. Very often there are 

mieunderstandinga in theee lessons. 

Example !: In a special teaching concept, students investigated with 

their own questions and own experiments the general problem: What 

are the conditions for acceleration (a • f (???)) 7 The high degree 

of student participation in this teaching process was due to the 

fact, that this activity - to find causes, forcea, etc. - is the 

main specific interest of students in this area 

1987). 

5.4 Motion and rorcea - Elements of the MOU in Mechanics 

(cf. Niedderer 

In accordance with international research on conceptual frameworke in 

mechanics (Arone 1981, Champagne 1980, Clement 1982, Jung t981e/1981b, 

McCloskey 1983, Schenk 1983, Trowbridge 1981, Viennot 1979, Warren 1979, 

Watts 1983, Whitaker 1983) the findings of Schecker (1985) ehow strong 

common trende in the studente• difficulties and their alternative con

ceptusliaations of mechanical terms. The parallelism of these results 

justifies the effort of constructing the •matrix of understanding" (MOU) 

concerning mechanical phenomena and problema. We will here concentrate 

on elements that centre around the concept of •force". After describing 

central frameworks and preconcepte, an example taken from a lesson about 

the collision of bodies will illustrate the MOU' e explanatory power. 

The moat relevant general finding is, that the concept • force• of atu

dente varies from one situation to the other. It hae a special meaning 

in a specific eingle situation. On the other hand the concept "force" in 

physics has one general meaning for all eituationa. This ia due to the 

same difference between physics and everyday life ae discussed above in 

5.1: Physics is aimed at general theories for a great variety of situa

tions, whereas everyday life ie only using statements about single spe

cific aituatione. We call the corresponding type of concepts a "cluster 

concept". 

ror moat etudenta •force" is a cluster concept. even after being taught 

Newtonian Hechsnics for weeka and monthe.Viennot (1979, p.20BJ calla it 

an "undifferentiated el!planatory complex•. The word "force" is ueed in a 

great variety of physically different meanings: Newtonian force, momen

tum, potential and kinetic energy, torque, time integral of force etc. 

Cluster-concepts like "force• or "heat• sharpen out their meanings in 

concrete communicative situations. Boehme (1981, p.94) speaks of "inde

l!icality•: terms in everyday language are vague in their general con

tents, but precise in contel!ta. Students know that it has different im-

plicationa to apeak of a fast moving body •having much force• or of 

"force being exerted" upon a body. 

It must be stressed that students do not simply take the same word to 
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denominate concepts that they implicitely distinguish. The clustsr-con-

capt "force" covers a wide field of phenomena and problems. "Force of 

motion•, "force of impact", "accelerating force" are different modes of 

one universal explanatory scheme. They are considered to be essentially 

the same things. "Force of motion" can be changed into "force of impact" 

during a collision. The "force of the mover" is passed over to an object 

as "force of motion•. Newtonian force as an outer accelerating influence 

on a body is just another facet. This does not mean that students do not 

make any distinctions at all. Host of them learn, for example, to asso

ciate the correr.t formulas needed to solve standard test items. But the 

distinction is not that betwean a relational concept "force• or •anergy" 

or "momentum" aa categoriea of a quantity type. "ForceJ "energy" or 

•momentum• are all three seen as interchangeable substances or proper

ties of bodies. A student who was asked whether he found it necessary to 

discriminate between the three terms put it that way:• Well, of course 

it' s necessary. After all they are different forces•. 

So Schecker (1985) comes to another element of the HOU specific for me

chanics: 

EH 7: Force is a general activity potential. Bodies in motion have 

(possess) force. A force is acting in the direction of mo

tion. Motion occurs in the direction of the resultant of all 

acting forces. 

The meaning of force has nothing to do with formulas (e.g. F 

• m • a) which are only used for calculations. Especially 

force is not restricted to acceleration. 

Force is a cluster-concept which gets ita special meaning 

only in a specific context. 

5.5 Interpretation of Students' Behaviour on the Basis of the HOU 

The following example is taken from an A-level course in physics 

(students aged 16 to 17; six lessons a week). The preceding units dealt 

with kinetics and inelastic collisions. Subject of the present unit is 

•force•. The students have learned about Newton' s laws and the relation 

between force and momentum. A number of problems have been solved using 

the formulas "F - m • a• and • /A p • F • 6 t•. 

Teacher: I want to examine the relation between forces and momentum 

Peter: 

at the example of collisions. Let• s take two cars that 

collide on a horizontal track. (T. draws a diagram). Well, 

they somehow collide with each other. Don't think about 

how they moved before. What can we say about the forces 

that are exerted 1 

Those which the two cars exert on each other during the 

experiment 1 

Teacher: Well, they have just started to collide. The spring has 

been compressed a bit. What can we say about the forces 

right at this moment 1 

While the teacher aims at the momentary magnitudes of the forces 

during the interaction (FA~~ - FB~A ) Peter is probably 

thinking of "forces" "during the experiment•, i.e. of "forces" that 

the cars "have• and that enable them to act upon each other • This 

point of view is obvious in the next statement: 

Volker: Well, I see it that way: The spring stores up force for 

a moment. The spring is compressed. That means that it is 

acted upon in some way. And then the spring gives back this 

force. 

Teacher: You' ve introduced an additional point: a force is necessa

ry to compress the spring. But let·s concentrate on the 

influence of car A on car B and vice versa. This is the 

important aspect for the behaviour of both cars. 

Hartin: The force of one car is passed over to the other. This 

happens on both aides. The force of car A is passed over to 

B and the force of B to A. 

Teacher: Car A exerts a force on car B. This force can only be ex

erted in this direction (Teacher points from left to right) 

It is not important at the moment, how big the force ac

tually is or how it changes during the collision. But how 

big is the force that is exerted by B on A 1 

Students: (no answer) 

Teacher: This is a matter of action and reaction. How big 

is this second force 1 

We can clearly see, how teacher and students misunderstand each 



other. They use "force" in completely different ways. When the tea-

cher speaks of the force that B exerts on A, it is the reaction to 

-r The students speculate about forcee that the cars "have" .,....(...,.. B 
becauee of their motion before the collision - forces that enable 

them to act upon each other and to compress the spring. These forces 

are exchanged between the cars after being stored intermediately in 

the spring. The students keep their sights on the transmission of 

"force". 

Volker: Well, it' s exactly the force that existed before. When A 

is standing before the collision and B has a velocity, then 

afterwards A moves on into the same direction with the same 

velocity as before car B. 

Teacher: At the moment we are talking about forces at a certain 

point of time during the collision - not about what happens 

later. Let• s imagine we could attach a force-meter to one 

car that shows us car A pushes against B with a certain 

force F -'-.8 . With what force does B push against A then 7 

Arno: I should say it is just the other way round. That is the 

force Fe, 

Teacher: That's just a name- how big is this force? 

Arno: I should say, if this mechanical process is without 

friction, then the force should be the same. 

Teacher: Yes, the same- but there is one difference ••• (Teacher 

is interrupted). 

It is not quite clear what Arno means. He may be reflecting upon a 

reaction force. But his last sentence casts some doubt upon this 

interpretation. "Friction" refers to the energy aspect of the clu

ster-concept "force": No •force" is lost during the collision. The 

teacher seems to believe that Arno is thinking of the "right" thing. 

His las~ remark is meant to hint at the direction of FS~A 

he is interrupted by Ingo. 

• But 

Ingo: How can it be the same 7 If the forces were different 

before, then they can't be equal now. 

Teacher: There seems to be a problem with this term "force". What do 

you mean by "the force that A had before" ? This car is 

just moving along at a certain speed. Where shall there be 

a force 7 

Ingo: The car must have its motion from Bomewhere, so that it 

started to move at all • 

Ingo' s statement shows the coupling of motion with •force".This 

•force• has been given to the car when it was set into motion, Stu

dents often consider the question, how a certain movement has come 

about, to be important for the description of itd momentary state. 

Teacher and students go on discussing the problem of forces during 

a collision for thirty minutes. Although the teacher is insisting on 

it, only two students take over the aspect of interacting forces. 

The majority keep on talking about "the forces of the cars" and 

about "transmission of force", The ~trlction of force to a purely 

relational concept meets with strong opposition in the cluster-mea

ning of "force" as a property of bodies or a general "capacity for 

action". In the chosen lesson the communicative conflict lies at the 

surface. In many lessons mutual misunderstanding remains under the 

surface, because the students do not get the opportunity to express 

their real thoughts. Formal faculties to solve numerical problems 

often cover conceptual deficits. 

6, PRELIMINARY RESULTS IN ATOMIC PHYSICS 

There seem to be very few research activities in students' alternative 

framework in the field of atomic physics and especially quantum physics 

all over the world. (cf. Pfund, Duit 1987). This situation causes diffi

culties and uncertainties for the interpretation process. Therefore we 

tend to be more modest in our expectations of the results. At the pre

sent stage documenting observations and students' statements about con

cepts and theories is more important; the aim of formulating elements of 

the MOU is perhaps not attainable within the first step. 

The following preliminary results are parts of the running doctoral 

theses of two members of my research group: 

- Malte Bormann: Students• Alternative Framework in the Field 

of Particle and Wave Models of Light and Electrons (Bormann 1987) 

-Thomas Bethge: Students' Alternative Frameworks in the Field of Bohrd 

and SchrOdinger' s Model of the Atom (Bethge 1987). 
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Some results are from a former co-worker in my group (Bayer 1986). 

6.1 General Aspects 

One reason for the scarcity of research work in this field is perhaps s 

different relation of atomic physics to everyday life which causes a 

different structure - perhaps a more variable one - of the MOU. In me

chanica there are many associations to everyday language and to everyday 

actions. So we have to account for elaborated atructures independent 

from phyeice teaching. One general hypothesis we follow in the field of 

atomic physics is that the students' alternative frameworks are mainly 

influenced by their MOU in mechanics. Thie ie ahown in the following 

diagram: 

Everyday life 

(1) 

(2) 

(3) 

Popular-scientific literature or 

TV-features on atoms 

(zJ 

Earlier teaching in 

physics and chemistry 

on atoms 

Strong relations because of language, actions, 

communication, reality, etc. 

Parts of the thematic MOU in mechanics determine 

students" own thinking concerning atomic physics 

Specific parts of knowledge which are stable in memory, 

because they are in good accordance with parts of the 

MOU in mechanics. 

Thie means that in a threefold way mechanical thinking can be expec

ted to be dominant in students• thinking in atomic physics. Perhaps 

this is alec an explanation for the preference of the Bohr model of 

the atom by students (and teachers as well). 

We discuss a second general hypothesis: The elementa of philosophy 

of science held by students in the field of atomic physics show some 

new aspects. For instance, we have observed that students seem to 

accept idealizations more easily. On the other hand many of the ge

neral elements of the MOU in mechanics can be found here, too: Thin

king in analogies (for photon or electron); thinking in properties 

(light has colour; atoms bear the properties of eolida); models are 

taken as reality and if there are more models, they are combined 

(assimilated). A special observation has been made in respect to 

formulas: the smaller number of formulas and of quantitative pro

blema lead students to some doubt about the quality of these theo-

ries. 

6.2 Particle-Wave Synthesis 

The atomic physics course in grade 13 normally starts with light 

electrons as particles and waves. The eo-called "dualism" is 

often connected with the notion, that electrons or light in 

and 

one 

experiment are particles and in another experiment!!! waves. To avoid 

this unsatisfactory double-nature we give the students the idea that a 

new model called "quant" is needed which is a synthesis of both. This 

approach is likely to meet students• interests because they generally 

tend to combine different modele to one (see above). 

In three experimental interviews with 

- the electron diffraction tube 

- the double-slit experiment with electrons (demonstrated 

with pictures and diagrams) and 

- The Ramsauer effect (pictures and diagrams) 

Bormann (1987) investigated students• own efforts to find such a synthe

sis for the.electron. Mainly he found three conceptions: 

(1) The "strict" particle view 

Students looked at electrons as particles moving along straight 

lines. The observations of electron distributions were explained 

by collisions. 

(2) The particle moving along a wave 

The electron is a particle (mass, velocity, orbit). 



This particle moves along a wave-orbit. The electron ia the 

oscillator of the wave. 

(3) The formal wave conception 

The diffraction pattern ie explained by an electron wave. Either 

the electron is a wave itself or there ie a new kind of wave 

(which is influenced by a magnetic field). 

In addition Bormann works on the following hypotheses: 

The particle view ie easier for students to underatand than the 

wave view. 

The electron is a "real" particle, the photon is a sort of 

"energy particle". 

Photons and electrons are primarily particles which should have 

some wave properties to explain special sophisticated experi

ments. 

6.3 Hodel of the Atom 

Our course aims at a SchrOdinger model of the atom which contain& stan

ding probability waves which give the probability density of the elec

tron. Host teachers start with the Bohr model and then come - with more 

or lees hesitation - to the wave model of the atom. We start with simple 

standing waves in simple potential wells and use computer simulations 

and mechanical modele for explanations. 

One thinking-type question of Bethge is the following: 

The wave function of an electron 

in a potential well is given in E: 
the diagram. a) mark the possible 

place of the electron at different 

times in th~ diagram. b) Give a 

ahort explanation I 

tlr----------------------
4 S" 1------------
f~r----------------------

t,r--------------------

X 

tur---------------------~~ 'x 

Bethge found four types of diagrams at the end or the course (IJ • ~fl): 

(1) The electron moving with 

constant velocity 

45\ 

(2) Similar as (1), but with 

few statistic dates 

15\ 

( 3) The correct answer (maxi-

mum density at the maxi-

mum of the sine function) 

25\ 

• 
• 

-------------------~ 

# 

i 

.l 
. ( 

• .. , 
• 

... 

j 

345 



346 
(4) Always at the same position 

II 

7\ 

(5) No diagram 8\ 

This result tells us: Host students think of electrons in a square well 

potential as moving like a classical particle with constant velocity 

from left to right and beck again. 

Some other preliminary statements ere: 

Electrons in the atom 

- The atom is stable because of the motion of the electron 

-Orbit and energy level have similar meaning ("state") 

- The concept of orbit is mixed with the concept of probability 

density. 

Students often come to a conception of "smeared" orbits (Beyer 1986): 

-Electrons move along wave orbits around the nucleus (de Broglie"e 

picture is often used by teachers). 

Energy/Spectra/Energy level 

- Discrete light spectre do not strike students as issue• for closer 

examination 

- The same goes for discrete energy level•: They are accepted as 

simple facts not worth further consideration. 

- students tend to use energy-conservation-thinking when discussing 

light absorption and similar problems. The energy concept is often 

used in "difficult" situations as a general activity source (com-

pare 5.4). 

- Light emission spectre ere explained by absorption. Light cannot 

be "produced" by an atom, light i• •everywhere", it can only be 

absorbed or changed by atoms. 

Resonance 

- The interaction of waves often is explained by resonance (e.g. photo 

effect, absorption of light, Remsauer effect). 

These preliminary results show difficulties for the learning process 

toward a ~o~ave model of the atom: mechanical thinking in orbits of clas

sical particles is very dominant end tends to lead to misunderstandings 

of a quantum model. Perhaps there is one chance: That students construct 

a new model of the "quant" for themselves in a slow generative process, 

using parts of their own models of a particle and a wave, with many 

chances to bring forward own ideas of modeling the atom end comparing 

these own ideas with historical or modern views in science. It seems to 

be necessary to prepare such a course by en illustrative course on waves 

and especially standing waves in one, two end three dimensions using 

mechanical waves, sound waves and electromagnetic waves. 
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HUMAN CONSTRUCTIVISM· Toward a Unity of Psychological 
and Epistemological Meaning Making 

Joseph D. Novak 
Cornell University 

Introduction 

Constructivism is becoming one of the common words 

tossed about by psychologists, philosophers and educators. 

Depending on the user's orientation, the word has some kind 

of reference to the idea that both individuals and groups of 

individuals construct ideas about how the world works. It is 

also recognized that individuals vary widely in how they make 

sense out of the world and that both individual and 

collective views about the world undergo change over time. 

Constructivism is seen in contrast to positivism, logical 

positivism or empiricism that holds "true" knowledge is 

universal and stands in a kind of one-on-one correspondence 

with the way the world really works. The goal of knowing is 

to discover lh1a true knowledge This paper will examine 

approaches developed over the years by our research group 

(and other colleagues) to study and describe a view of 

learning and knowing that I will call human constructivism. 

I shall argue that it is important to link a viable theory of 

human cognitive learning with contemporary ideas in 

epistemology. I begin with consideration of how humans 

learn 

Human Learning 

For almost three quarters of a century the dominant view 

of learning was that a stimulus (S) from the environment 

produced a response (R) from the organism and with repetition 

an S-R bond was formed such that given S was almost 

inevitably associated with a given R. Although this 

associationist or behaviorist theory of learning, based 

largely on animal experimentation in laboratories, never 

gained popularity in much of the world, in North America 

associa~ionist views were not only popular but mos~ 

alternative "theories" of learning were eschewed or 

ridiculed. The rigid prescrip~ive na~ure of associa~ionis~ 

psychology was consistent with and supported by the widely 

held positivist or empiricist views of the nature of 

knowledge and knowing made popular by Francis Bacon in 1620 

and later by Karl Pearson (1900) and a hoard of philosophers 

of the "Vienna School". The leading philosophers/ 

epistemologists of the early twentieth century worked to 

establish the hegemony of positivism by the 1930's and 40's. 

B.F. Skinner's Behavior of Organism published in 1938 was the 

epitome of wedding associationist psychology with positivist 

epistemology in an allian=e that virtually swamped out other 

psychologies of learning in North America. The hegemony of 

associationist ideas dominated psychology and education until 

the 197D's. The failure of these ideas to describe and 

predict how scholars produce knowledge and how humans learn 

allowed new views of knowledge as "paradigm" construction 

(Kuhn, 1962) and evolving populations of concepts (Toulmin, 

1972) to emerge. In psychology, cognitive views began to 

take hold and concern with meanings of knowledge as held by 

individuals began to dominate. 

My own studies of learning began in 1955 with an effort 

to understand parameters of problem solving ability in the 

context of a college botany course (Novak, 1957). Rejecting 

the dominant associationist theories of the 1950's, I tried 

to design my research and a test of problem solving ability 

(Novak, 1961) on the basis of a cybernetic model (Wiener, 

1948, 1954) of learning and an evolving "conceptual schemes" 

view of epistemology expressed in Conant's (1947) On 

Understanding Science. This model of learning considered the 

mind as an information processing unit wherein knowledge 

storage and information (knowledge) processing were separate 

components, with the latter being relatively stable over time 

and the knowledge store varying over time with new 

information and "feedback" information. The difficulty with 

the cybernetic model for me was that my Ph.D. thesis data and 

subsequent research data all pointed in a direction that 
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suggested information processing capacity and acquisition 

rate for new information was highly dependent upon the prior 

relevant knowledge store and the context of the problem 

solving or learning task (See Novak, l977a, Chapter 8). When 

Ausubel's Psychology of Meaningful Verbal Learning was 

published in 1963, we saw immediately a better match between 

our research results and his assimilation theory of human 

learning. It took another decade, however, for our research 

group to become comfortable with Ausubel's theory and 

subsequently to modify and extend the theory in our work 

(Ausubel, Novak and Hanesian, 1978). During this decade we 

also moved from predominantly paper and pencil testing to 

adaptation of Piaget's clinical interview techniques (Pines, 

et al, 1978). 

The principal contribution of Ausubel's theory was it's 

emphasis on the power of meaningful learning, as contrasted 

with rote learning, and the explicitness with which he 

described the role that prior knowledge plays in the 

acquisition of new knowledge. In the epigraph to both his 

1968 and 1978 editions of Educational Psychology: A 

Cognitive View, Ausubel stated: 

If I had to reduce all of educatio~al psychology to 
1ust one principle, I would say th1s: The most 
lmportant single factor influencing learning is 
what the learner already knows. Ascertain this and 
teach him accordingly. 

Ausubel was not the first to emphasize the importance of 

prior knowledge in new learning. Bartlett's (1932) theory of 

memory held that "schemes" influence perception and recall of 

information, in a way similar to that where schemes are seen 

to operate in contemporary "cognitive science" views of 

learning and retention (see for example Estes, 1978). In 

contrast, assimilation theory places central emphasis on 

cognitive processes involved in acquisition of knowledge and 

the role that explicit concept2 and propositional frameworks 

2we define concept as a perceived regularity in events 
or objects designated by a label. M9st concept.labels are 
words and most of the 460,000 words 1n the Engl1sh l~nguage 
are concept labels, man~ used to represent several d1ffe~ent 
"regularities" Propos1tions are two or more concepts l1nked 
to form a meaningful statt;ment, e.g., "sky is blue." For a 
good discussion of how ch1ldren acqu1re early concepts and 

play in acquisition. Kelley's (1955) "personal construct 

psychology" also gave emphasis to the role of prior learning 

in new learning, but not with an emphasis on specific concept 

and propositional frameworks. Kelley saw prior learning 

resulting in a "reperatory grid" of generic traits or 

"personal constructs" that influence how a person will think 

or respond to a new experience. It was also Ausubel's 

emphasis on school learning that has made his theory useful 

to us. In his Psychology of Meaningful Verbal Learning, 

Ausubel first developed his assimilation theory of cognitive 

learning showing how school learning could be made meaningful 

and that didactic instruction or reception learning need not 

be rote. The then popular idea that discovery learning, 

where the learner recognizes independently the regularities 

or concepts to be learned as a viable alternative, was 

rejected and he showed instead that didactic (reception) 

teaching could lead to meaningful learning His idea of an 

"advance organizer" that could serve as a kind of cognitive 

bridge between new knowledge to be learned and existing 

relevant concepts and propositions in the learner's cognitive 

structure was one of Ausubel's most researched ideas, with 

most studies showing that advance organizers did not 

facilitate learning if principles of meaningful learning were 

not applied or evaluation failed to test for meaningful 

learning. (Ausubel, 1980.) The Piagetian idea of age

related general "stages" of cognitive development which limit 

new learning has been rejected by our group in favor of the 

idea that the quantity and quality of relevant concept and 

propositional frameworks are the primary limiting factor in 

new learning or problem solving, and these are age-related 

primarily in an experiential rather than developmental manner 

after about age four (Novak, 1977b; 1982 

A continuing problem for teachers and researchers who 

hold that prior knowledge is an important variable in new 

learning has been how to "assess what the learner already 

knows." Various paper and pencil tests have been tried, but 

proposition meanings (and word labels), see Macnamara, 1982. 



the general consensus is that these are comparatively crude 

measures of prior learning, accounting perhaps for only ten 

percent of variance in total func~ional knowledge held by an 

individual. Clinical interviews have emerged as much more 

trusted indicators of the quality and quantity of relevant 

knowledge a learner possesses, but interview transcripts are 

notoriously laborious and difficult to interpret. Moreover, 

interviewing is not an evaluation tool teachers can use in 

routine class evaluation. 

A significant breakthrough occurred in our work when 

we devised and refined the technique of "concept mapping" as 

a tool to represent conceptual/propositional frameworks, 

either as derived from clinical interviews or as constructed 

by the learners in our studies. Concept mapping subsequently 

proved to be a useful tool in planning instruction and 

helping students "learn how to learn" (Cardemone, 1975; 

Bogden, 1977; Stewart, et al, 1979; Gurley, 1982; Novak, 

Gowin and Johansen, 1983; Novak and Gowin, 1984; Hoz, 1987; 

Hoz, Kozminsky and Bowman, 1987; Alvarez and Risko, 1987; 

Pankriatius and Keith, 1987). A concept map used to plan 

this paper is shown in Figure 1. Two examples of concept 

maps drawn from interviews with Phil are shown in Figure 2, 

representing this student's understanding of the particulate 

nature of matter in grade 2 and 10 year's later in grade 12. 

(Fig 1 & 2 about here) 

Concept maps serve as a useful tool to illustrate key 

ideas in assimilation theory. Acquisition of new knowledge 

may range over a continuum from rote learning to highly 

meaningful learning (see Figure 3). Most school learning is 

relatively verbatim, arbitrary and nonsubstantive, and this 

is illustrated in Figure 2. Our subject (Phil) learned about 

molecules in grades one and two (through specially designed 

audio tutorial lessons) and later learned about atoms, but 

his concept of molecule and atom were never adequately 

assimilated. As a result, in grade 12, Phil believed that 

molecules are made of atoms but erroneously believed that 

gases are made only of atoms We also see persistence of the 

idea (misconception) that smell molecules or sugar molecules 

dissolve into water molecules and hence move with the water 

molecules. In extreme cases of rote learning we observe that 

students may be able to give a correct, verbatim definition 

of a concept but cannot relate it substantively to other 

concepts in their concept map. This is seen frequently in 

class instruction when concept maps are used as an evaluation 

tool, especially after a short unit of study. Most 

information learned by rote is forgotten in three to six 

weeks, unless it is much rehearsed and "overlearned" in which 

case it may be recalled years later but is not relatable to 

other relevant knowledge the person holds. 

(Figure 3 about here) 

Two key additional ideas in assimilation theory are 

progressive differentiation and integrative reconciliation. 

As new concepts are linked non-arbitrarily to an individuals 

cognitive structure (represented, for example, in a concept 

map), progressive differentiation occurs. In our example, 

assimilation of the concept of atom led to some 

differentiation of Phil's cognitive structure. Recognition 

that different atoms make up different elements also showed 

cognitive differentiation. Integrative reconciliation occurs 

when sets of concepts are seen in new relationships. Phil 

did "change his mind" about the composition of matter but 

failed to integratively reconcile how gases (or anything 

else) can be made of molecules and their component atoms. He 

also failed to reconcile the concept that molecules may move 

independently in a fluid and smell or sugar molecules are not 

absorbed into water molecules. Part of the learning 

difficulty of Phil was his failure to acquire a valid 

superordinate concept of the particulate nature of matter and 

to integrate atoms and molecules into this concept. 

Superordinate learning occurs only rarely, since subsumption 

is usually possible and sufficient, but when it occurs, 

significant integrative reconciliation of subordinate concept 

structures usually results, and also further concept 

differentiation. 
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Figure 1: 

•9 
L DAVID 

AUSUBEL 

''" ts 

(ARBI~ARY) 
NON-SUBSTANTIVE 

A concept map showing the key concepts and propositionspresented in this paper. 



Figure 2: 

Two concept maps drawn from interviews with a student (Phil) 
in grade 2 (top) and grade 12 (bottom). Note that even 
after junior high school science, biology, physics and 
chemistry, Phil has not integrated concepts of atoms and 
molecules with states of matter nor corrected his misconception 
that sugar or smell molecules are "in" water molecules. 

Meaningful 
Learning 

} 

Creative 
production 

} Most school 
learning 

Rote 
Learning 

Non-arbitrary, non-verbatim. substan
tive incorporation of new knowledge 
into cognitive structure. 

Deliberate effort to link new know
ledge with higher-order. more 
inclusive concepts in cognitive 
structure. 

Learning related to experiences with 
events or objects. 

Affective commitment to relate new 
knowledge to prior learning. 

Arbitrary, verbatim, non-substantive 
incorporation of new knowledge 
into cognitive structure. 

No effort to integrate new knowledge 
with existing concepts in cognitive 
structure. 

Learning not related to experience 
with events or objects. 

No affective commitment to relate new 
knowledge to prior learning. 

Fi_c:urc J: Tt1~ rorc/ncaningful lcarnin~ conrinuu~ as seen nn assimil~ti0n 

t~lC'nr·:. In our s.rudiC's (,Jnd r.:~rt'rtc; of others) ...,C' sec t~ .• lt fTlO!'>t 

sdl0l)] :,•,Jr!lin;_: is ncar thv r0tP end nf tlw ,-ontinuu:"l. 
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Concept maps are a tool or heuristic to illustrate 

cognitive or meaning frameworks that individuals possess and 

by which they perceive and process experiences. If new 

experiences provide a basis for meaningful learning, new 

concepts will be added to an individual's concept map and/or 

new relationships will be evident between previous concepts. 

Over time concept relationships may take on new hierarchical 

organization, as observed, for example, by Cullen (1984) in a 

college chemistry course where the concept of entropy was 

either not known or held a subordinate position in students' 

cognitive structure. After instruction using a specially 

designed study guide emphasizing the entropy concept, it 

became a superordinate concept in those students who 

demonstrated the best understanding of chemistry principles. 

Similar results have been reported by Hoz (1987), Feldsine 

(1987), and others. Experts differ from novices in a field 

of study not only in that they have more concepts integrated 

into their cognitive frameworks but also in the kind of 

conceptual hierarchies they possess and the quality and 

extent of propositional linkages they possess between 

subordinate and superordinate concepts. (See for example, 

Chi, Feltovich and Glaser, 1981; Novak, in press). Concept 

maps are proving to be a useful tool to identify and help 

students "correct" misconceptions, as several papers in this 

and our earlier seminar illustrate (Helm & Novak, 1983). 

There is a growing body of evidence on the neurobiology 

of brain function that suggests new learning involves not 

multiple neuron to neuron linkages and hundreds or even tens 

of thousands of neuronal linkages may be involved in the 

acquisition of a single new concept. Moreover, greater or 

lesser numbers of axons and dendrites of each neuron may be 

involved and varying degrees of synaptic transmitter or 

inhibitor channels may be formed at each synapse. The net 

effect is that new learning of a single concept, if it is 

substantively incorporated through meaningful learning, will 

involve many neurons in many regions of the brain, and 

constructive neuronal changes may continue for hours or days 

after learning. During learning, neurons not only form new 

synapses with one another and new channels for secretion of 

transmitter chemicals, but also transmission inhibiting 

compounds may be secreted. This may account in part for 

"learning shock" and retroactive interference, two observed 

psychological phenomena where previously learned material is 

not recallable perhaps until a later point in time. This 

delayed facilitation effect, or short term inhibition, may be 

illustrated in a concept map. When a single concept is added 

to and individual's concept map through meaningful learning 

all linked concepts in that persons cognitive structure will 

be modified over time to some extent. Maps drawn at a later 

date often show some new or different linkages, and 

occasionally some significant new "cross links" that may 

represent new integrative reconciliation of prior concepts. 

The "creative insights," reported in biographies of genius, 

occurring often days or weeks after intense study, are also 

evidence of gradually changing neural (and psychological) 

networks. All related concepts and propositions, at least 

in some small way, take on new meanings. The implications of 

current knowledge in neurobiology as it relates to concept 

mapping is discussed more extensively by MacGinn (1987). 

We expect to see further evidence from studies of 

brain functioning to be even more supportive of concept maps 

as valid indicators of learning and also support for their 

effectiveness as a kind of metaphor to relate psychology of 

human learning with the neurobiology of human brain 

functioning. During my sabbatical studies at the University 

of West Florida next year, I plan to explore with Professor 

Dunn possible relationships between neural activity patterns 

observed using brain encephalographic scans (Dunn, 1987) and 

patterns of concept map construction prior to and following 

cognitive learning tasks. Nothing may come of this, but Dunn 

believes (personal communication) that relationship between 

encephalographic scans and concept map production may be 

found for selected subjects. 

provocative at the least. 

If so, the results could be 



Knowledge Creation 

That humans learn is self evident. It is also self 

evident that humans construct new knowledge, for the store of 

knowledge in any culture increases with time. What is not 

self evident are the processes by which humans construct new 

knowledge. As civilization emerged from the Dark Ages, 

knowledge about the universe and the workings of nature began 

to expand at an ever increasing rate. Oriental cultures 

continued to advance and were not constrained by the Dark 

Ages; however, it was in the Western cultures where the 

scientific experiment was invented and modern science began 

to blossom. It was natural that numerous 

philosophers/epistemologists should begin to write their 

descriptions of how humans increased this knowledge store. 

For Francis Bacon (1620), Karl Pearson (1900) and many other 

early epistemologists, the truth lay waiting in nature. 

Man's task was to "discover" these truths by careful 

observation and experimentation. Communities of scholars 

emerged who described various views on how nature's secrets 

were to be unearthed and "truth" revealed. Bacon (1620) 

wrote: 

The subtly of nature is far beyond that of sense or 
of the understanding; ~o that spe~ious meditations, 
sQeculations and theortes of manktnd are but a kind 
of insanity. (p 107) 

And much later Pearson (1900) wrote: 

The civil law is valid only for a special community 
at a speciak time; the scientific law is valid for 
~norma uman beings, and is unchanging. (p 87) 

The right of science to deal with the beyond sense
impressions is not the subject of contest, for 
sc1ence confessedly claims no such right. (p 110) 

With the accelerating pace of "scientific discovery" in 

the twentieth century, many philosophers, scientists and 

mathematicians turned their substantial intellectual talents 

to the study of epistemology, especially the epistemology of 

science. The more popular varieties of epistemology gave 

careful attention to tests for truth and falsity and criteria 

to be applied. These scholars known variously as 

positivists, logical positivists or empiricists, placed 

central emphasis on "proof and refutation." The reign of 

"positivist" epistemology was nearly absolute until the 

middle of the twentieth century. One of the problems of this 

epistemology is that it did not attract much interest from 

scientists and mathematicians--perhaps because it did not 

help them do what they were doing. It was probably not 

surprising that outstanding scholars/scientists such as James 

Conant should have been the first to espouse what Brown 

(1979) called "the new philosophy of science." And when 

Conant's protege, Thomas Kuhn, published his Structure of 

Scientific Revolutions (1962) the walls of the positivist's 

bastion began to crumble. Even from within, the positivist 

proteg~. Karl Popper, moved away from positivism and in his 

1982 book he wrote: 

Everybody knows nowadays that logical positivism is 
dead. But nobody seems to suspect that there may 
be a question to be asked here - the guestion 'Who 
is responsible?' or, rather the quest1on 'Who had 
done it?' ... I fear that I must admit 
responsibility. (p 88) 

As Strike (1987) has noted, positivists were not fools 

and they knew that human understanding was built on more than 

a "logic of discovery." What they uniformly failed to 

describe was how humans construct concepts and how their 

conceptual frameworks become indeed their "perceptual 

goggles" to permit them to see what they see in their 

inquires and to guide them in constructing new inquiries. 

Kuhn's (1972) description of the "paradigms" that guide the 

scientist and Toulmin's (1972) idea of "evolving populations 

of concepts" seemed to be much closer to the reality the 

working scientists face day to day. They do indeed construct 

new knowledge, but this is not truth, and much of the 

knowledge changes repeatedly in the lifetime of a scientist. 

Von Glasersfeld (1983) has argued that "radical 

constructivism" does not seek a description of the "truth," 

nor subscribed to the idea that in research we progress 

toward the truth. The issue now seems to center more on how 

to facilitate creative production, rather than how to tighten 

the criteria of proof or refutation. 
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Human Constructivism 

My thesis is that we must examine closely the linkage 

between the psychology of human learning and philosophy 

knowledge. Creating new knowledge is, on the part of the 

creator, a form of meaningful learning. It involves at times 

recognition of new regularities in events or objects, 

inventing new concepts or extending old concepts, recognition 

of new relationships (propositions) between concepts and, in 

the most creative leaps,major restructuring of conceptual 

frameworks to see new higher order relationships. These 

processes can be viewed as part of the process of 

assimilative learning, involving addition (subsumption) of 

new concepts, progressive differentiation of existing 

concepts, superordinate learning (on occasion) and 

significant new integrative reconciliations between concept 

frameworks. The creative person is a member of a community 

of learners all of whom share many concept meanings but each 

of whom holds his/her own idiosyncratic conceptual hierarchy. 

The individual most able to add to or restructure his(her 

conceptual framework is, in time, recognized as the most 

creative in that community. And, over time, the population 

of concepts and concept relationships held by the community 

evolves, according to Toulmin (1972), or for the individual, 

progressively differentiates and reintegrates according to 

assimilation theory. 

As far as we know, only humans use language symbol 

systems to code the regularities they perceive and hence 

construction of new meanings and construction of new 

knowledge using symbol systems is uniquely human. Human 

constructivism, as I have tried to describe it, is an effort 

to integrate the psychology of human learning and the 

epistemology of knowledge production. I place emphasis on 

the idea that in both psychology and epistemology we should 

focus on the process of meaning making that involves 

acquisition or modification of concepts and concept 

relationships. 

Some of the conceptual frameworks we seek to develop in 

our students are those that deal with epistemology. To this 

end we have found the use of a heuristic developed by Gowin 

(1981) to be of value. Figure 4 shows an example of the Vee 

heuristic applied to a junior high school laboratory 

activity. The Vee shown has ten key "epistemic elements," 

those component of knowledge that when operating together 

permit us to construct or examine any unit of knowledge. All 

are necessary to understand the structure and/or creation of 

knowledge. 

(Figure 4 about here 

The Vee represents an "event centered constructivist" 

view of knowledge (see Gowin, 1987) We center our attention 

on the construction of concepts, which we have defined as 

perceived regularities in events or objects designated by a 

label. Since all objects exist in time and space, it is 

reasonable to see the creation of knowledge as a search for 

regularities in events, or as is often the case, for 

regularities in records of events. No one has observed atoms 

disintegrating, but a cloud chamber or geiger counter permits 

us to make records of these events, and from these records we 

construct our knowledge ~. Often we transform our 

records, using photographs, computer processing, tables, 

graphs, etc., and each of these transformations is guided by 

one or more principles, including not only principles 

relating to the event we are studying but often, also, whole 

sets of principles that relate to the record making or record 

transforming tools that we employ. It is oversight or 

limitations of the latter that commonly leads to 

misinterpretation or misunderstanding of events or records. 

Even in the best case, the meanjng of our records is always 

interpreted using our existing concepts, principles, theory 

and philosophy and since these are limited and evolving, we 

can only make claims (not truth statements) about how we 

believe the piece of world we are studying works 

The Vee heuristic also serves to emphasize the human and 

value-based character of knowledge and knowledge production. 
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Figure 4: An example of a Vee diagram prepared in 
a class discussion with seventh grade 
biology students. The Vee heuristic can 
help students to understand the constructed 
nature of knowledge and to take charge of 
their own meaning making in science or 
math activities. 

Whether we choose to be a historian, chemist or poet depends 

upon our philosophy and commitments. The events we choose 

to observe, the questions we ask and the records and record 

transformations we choose to make all involve value 

decisions: what do we care about and what price are we 

willing to pay in time or dollars and personal sacrifice? 

And if we stop to reflect, it is easy to see that every 

knowledge claim we construct can lead us to one or more value 

claims, claims about the worth of our knowledge or its 

application. The objective, value-free character of science 

or other fields of knowledge creation was only a positivist's 

myth sustained by ignoring the myriads of subjective and 

value-based decisions that everyone involved in knowledge 

production must make. It is this constructive integration of 

thinking, feeling and acting that gives a distinctively human 

character to knowledge production. With geniuses, we 

usually judge this synthesis good and praise it highly, 

although it may take generations for this recognition to 

occur. It is often human vanity that denies the creative 

artist, poet or scientist the recognition they deserve. 

A New Synthesis 

To me there is a new excitement about psychology, 

epistemology and education: there is the excitement of a new 

synthesis. Emerging consensus (see Linn, 1987) in psychology 

points toward the crucial role that concepts and concept 

relationships play in meaning making by humans, and the 

important role that language plays in coding, shaping and 

acquiring meanings. In philosophy there is also an emerging 

consensus in epistemology that characterizes knowledge and 

knowledge production as evolving frameworks of concepts and 

propositions. The almost infinite permutations of concept

concept relationships allow for the enormous idiosyncracy we 

see in individual concept structures, and yet there is 

sufficient commonality and isomorphism in meanings so that 

discourse is possible and sharing, enlarging and changing 
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meanings can be achieved. It is this reality that makes 

possible the educational enterprise. 

What remains to be demonstrated is the positive results 

that will occur in schools or other educational settings when 

the best that we know about human constructivism is applied 

widely. To my knowledge, no school comes close to wide scale 

use of such practices, even though there are no financial or 

human constraints that preclude this. What we observe in our 

studies of learning in school or university settings is an 

almost ubiquitous pernicious, pervasive, positivism. This 

right/wrong truejfalse instructional and evaluation pattern 

justifies and rewards rote-mode learning and often penalizes 

meaningful learning. The importance of constructivist views 

for the redesign of science and mathematics instruction and 

for teacher education has been put forth by others (Cobb, in 

press, a; b); Confrey, 1985; Driver and Oldham, 1985; Pope, 

1985). 

The only thing we need to do is to "change our minds" 

about how teaching and learning can proceed using what we 

know. The challenge of this Seminar is: How do we get 

people to change their minds, (about teaching and learning) 

and to alter their conceptual frameworks or what I called in 

1983, their LIPHS · their limited or inappropriate 

propositional hierarchies? 
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The Physico-chemical Reduction of Life: 

Paradigm, Biologists and Human Values 

Joseph Nussbaum and Simon Giami 
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Schwab's ideas (1964) about the structure of 

knowledge and education, though written early in 

the sixties, have lost nothing of their philosoph

ical value or of their actuality. We found it 

helpful to develop our arguments as steming from 

his notions and framework. We shall, therefore, 

open by presenting those essential ideas of schwab 

that are relevant to the present discussion. 

In developing the notion that every body of 

knowledge has its own structure, Schwab coined 

his idiosyncratic term--"the substance structure." 

By this term he referred not only to the set of 

major concepts and principles, forming together a 

specific conceptual structure, but also to the 

most basic philosophical assumptions which have 

yielded those concepts and principles. Kuhn's 

notion of "a paradigm" (1970) is quite close to 

Schwab's notion of "a substance structure." Since 

many readers might be quite familiar with Kuhn's 

ideas we shall use both terms (a substantive 

structure and a paradigm) interchangeably, in 

this paper. 

A Structure of Knowledge--a Paradigm 

Educators, in general, have been relatively 

much more aware of the importance of emphasizing 

major concepts and principles, in teaching a 

subject matter, than of the importance of spelling 

out the underlying philosophical assumptions. For 

Schwab, helping students understand the nature and 

role of the substantive structure in a specific 

science of nature is also of the main elements of 

teaching the "nature of science." 

The role of "a substantive structure" (a 

paradigm), in any discipline, is always in 

initiating and guiding research. Without the pre

existance of some conceptual structure no genuine 

research can be conceived. It is only within 

certain conceptual framework that a phenomenon 

may be perceived as presenting a problem. The 

hypotheses proposed to solve the problem and the 

guiding questions of the research, all draw their 

concepts and terms from the original conceptual 

framework. Consequently, the kinds of desired 

data and of "appropriate experiments" are already 
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determined (through the guiding questions) by the 

same framework. Findings (data) are meaningless 

unless they are explained (by way of selecting, 

organizing and transforming them) by some concep

tual framework, which normally is again the 

original structure. The interpreted findings are 

added now to the structure which originated them, 

contributing to its further development and 

differentiation. (See Figure l) 
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Figure 1. Paradigm: The framework of research. 

We may arrive at a completely different kind 

of research when a different paradigm is adopted 

or constructed. (We avoid in this paper the issue 

of what are the processes and mechanisms of 

c\ '\ 

"pardaim shifts" or of "conceptual changes.") 

Consider for example two cases; a case in which 

one works within the paradigm of Skinner's 

behaviorism and alternatively a case in which one 

works within Piaget's paradigm of cognitive 

assimilation and accommodation. In the two cases, 

different problems would be identified, different 

kinds of experiments performed, yielding different 

kinds of data, explained by different criteria and 

notions. 

The choice between two rival conceptual 

structure and even between two global paradigms 

relies on the researcher's weighing together the 

"validity" of each. By "validity" it is meant 

here the extent to which each paradigm succeeds 

to provide a convincing representation of the 

richness and complexity of the reality. In so 

doing, the researcher certainly applies his own 

previous philosophical biases. 

Educational Implications of Identifying the 

Substantive Structure of a Knowled~e 

Schwab (1964) points out two important 

educational implications brought up by the 

identification and analysis of the substantive 

structure of some body of knowledge. In drawing 

the first implication Schwab makes the point that 

recognizing the characteristics of the substan-



tive structure of a specific subject matter helps 

the educator to anticipate the cognitive diffi

culties that the student might encounter. He 

suggests that one of the basic cognitive 

difficulties, that a student faces, evolves from 

the gap between the conceptual structure of the 

disciplines (stemming from a specific set of 

philosophical assumptions) and the cognitive 

structure of the student (stemming from a 

different set of assumptions, also of philosoph

ical nature) . This gap is the source of the 

phenomenon, recently named "students' alternative 

frameworks" (Driver and Easley, 1978). This 

phenomena leads to the appearance amongst students 

of various "mis-conceptions," the focus of the 

present seminar. 

The second implication drawn by Schwab is 

that by identifying the substantive structure of 

a subject matter, with its full depth, we might 

know better how to draw our students' attention 

to the nature of research and to the nature of the 

knowledge, generated by that research. 

After identification and analysis of a 

substantive structure of a discipline, we should 

be better prepared to demonstrate to our students 

the tentative nature of knowledge and its 

dependence upon the original paradigm. This 

should help students to realize that knowledge is 

always being constructed within certain framework 

rather than being discove~ed directly from reality. 

Thus, we have two implications; one of a 

cognitive nature and the other of a philosophical

epistemological nature. Since about ten years 

ago, science educators have recognized that there 

is a close interconnection between the two (~ovak, 

1977; Driver and Easley, 1978; Nussbaum 1983, 1985). 

It is worth noticing that Schwab recognized these 

two implications in early stages of the major 

curricula development of the sixties. However, 

apparently, at that time the educational atmosphere 

was not ripe yet for the appreciation of their 

importance and their interconnection, for teaching 

and research purposes. 

concurrent and successive Paradigms 

Schwab emphasizes that the disciplines of 

the humanities and the socil studies differ from 

those of the natural sciences in many respects. 

one respect is that in the first ones one finds 

concurrent rival paradigms while in the last ones 

it seems that in each of natural sciences there 

is only a single ruling paradigm, which was 

arrived at through a linear successive process of 

paradigm changes. (See Figure 2) 
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Figure 2. 
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concurrent paradigms in psychology and 
successive paradigms in physics. 

Physics may be a good example of this process. 

In teaching the humanities and social studies it 

seems relatively easy to present students with the 

idea of what a paradigm is, through showing the 

role of rival paradigms as they parallelly function 

in current research. However, Schwab asserts, in 

the natural sciences conveying the notion that all 

our scientific knowledge is tentative, since it 

relies on a paradigm which is likely to undergo 

changes (as the history of science has shown), is 

indeed an uneasy educational task. This is so 

because students are likely to be locked within 

the present ruling paradigm and therefore not 

being aware of its role. Schwab's suggestion was 

that in science education we must turn to 

historical case studies of paradigm change, for 

this educational purpose. 

Biology, like physics, seems also to present 

a linear process of successive changes of paradigms 

in which various vitalistic approaches were finally 

replaced by the mechanistic paradigm. The 

vitalistic paradigm presumed that living things 

demonstrated intentions and free will (teleology) 

resulting from the existance within them of some 

nonrnaterial-"vital" entity. The mechanistic 

paradigm (originated by Claud Bernard and others, 

in the 19th century) rejected all teleological 

explanations of organismic behavior, substituting 

it with simple mechanistic explanations. The 

modern mechanistic paradigm of biology assumes 

that all life processes are completely governed 

by principles of "molecular randomness" and 

"physical causality" ("chance and necessity") and 

of "cybernetic control." It is clear that the two 

notions of "physical causality" and "randomness" 

are the antitheses to the basic notions of the 

"vitalistic" approach, namely "intentions" and 

"free will." (See Figure 3) The famous historical 

dispute between Lamarkism and Darwinism is only 
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Figure 3. The mechanism-reductionism of biology 
and the incompatible humanistic view 
of man. 

one specific application of the more basic dispute 

between the two paradigms. Since modern "mechanism" 

assumes the reducibility of all life phenomena to 

physico-chemical processes it is also known as 

"reductionism." 

Biology and the Humanities 

As biology teachers, we know that the afore-

mentioned historical dispute is still alive and 

may reappear amongst students in the classroom. 

Research (Brumby 1979; Kargbo, et al. 

1980) has shown that many students who had studied 

the Darwinian theory of evolution still maintained 

teleological notions, which are the essentials of 

Lamarkism. We usually refer to such examples as 

misconceptions. The source for this specific 

misconception is usually identified as the 

psychological act of "antropomorphism." It is 

assumed that the mistaken students have performed 

an "illegitimate" rationale transfer from the 

domain of human life to the domain of biology. 

But, is it only the rationale transfer which is 

logically or philosophically "illegitimate"? Is 

it not the case that biological sciences relates 

to the human phenomenon as being the content of 

one specific chapter in the study of mammels? 

Indeed, many biologists hold today that the very 

traditional view of man, namely that man is being 

part of the physical nature (the body) and at the 

same time is separate from it (the mind), is a 

misconception that requires correction (Churchland, 

1986) . They deny the idea that man has nonmaterial-

mental qualities, such as "free will" and 

"intentions~ and argue that these apparent 

qualities are completely reducible to physico-

chemical processes. Some of these biologists 

follow on and explicitly propose that all "liberal 

arts" should be subsumed, after radical revisions 

of concepts and terms, under the physico-chemical 

paradigm. 
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Most of the people who are deeply involved 

with the humanities (the liberal arts) and almost 

all laymen would probably strongly reject the 

proposal that human freedom is only an illusion 

to be corrected by physico-chemical reductionism. 

Are we, educators, willing to claim that 

traditional humanism is a misconception? Indeed, 

most biology teachers and textbooks do not go all 

the way to make explicitly this claim. However, 

this claim is made implicitly by regular biology 

education. The fact that we do not witness, in 

school education, a "clash" between the humanities 

and biology is not because no real dilemma exists, 

but because both types of disciplines seem to be 

superficially taught. Is such a "clash" unavoid

able? Is it necessary for one to commit himself 

to one of two paradigms while rejecting com

pletely the other? There might be two versions 

of biological reductionism each of them presenting 

a substantially different view. The two versions 

are: 

a) Reductionism is a very successful 

paradigm and therefore represents some 

absolute truth about the essense of 

living things, including man. 

b) Reductionism is a very successful 

paradigm playing an important but 

limited epistemological role in studying 

biological phenomena. 

Aside from these two versions of reductionism 

stands the humanist paradigm which presumes the 

existance of some nonmaterial entity (mind, psyche) 

which is responsible for much of his behavior. 

The first version of reductionism and the 

traditional humanism cannot tolerate each other's 

view and they mutually exclude each other. The 

second version of reductionism is also not 

compatible with traditional humanism in their 

assumptions and methodologies. However, they can 

tolerate each other's view, since the second 

version agrees that current biological knowledge 

is not only tentative but is also conditional with 

relation to the ultimate validity of the 

reductionist philosophy. It is worth noticing in 

this respect that the second version is in line 

with the "constructivist" approach in the 

philosophy and history of science while the first 

version is in line with the "positivist" approach. 

Teaching the Humanism vs. Biological 

Reductionism Dilemma 

My following arguments, evolve from the 

conclusion of Schwab's (1964) discussion of the 

structure of knowledge, saying that the teaching 



of scinece must include the treatment of the 

philosophical-epistemological aspects of each 

scientific discipline. The inclusion of a 

treatment of the dilemma of the humanities vs. 

biology in our curriculum is educationally 

important for the following reasons: (a) the 

treatment of the dilemma provides understanding 

of the epistemological nature of the biological 

research and knowledge. The dilemma provides 

example of concurrent paradigms which each of them 

is not capable of explaining everything. Each of 

these paradigms explains reality using different 

philosophical grounds and conceptual frameworks. 

Each paradigm has limits and Man must apply both 

as parallel intellectual paths to explain the 

complex reality. The very understanding that 

there are basic unsolvable problems is a tremen-

dous educational gain. (b) Those among us who are 

unwilling to give up our traditional humanistic 

view of man must deal with this dilemma from the 

second version of reductionism (which may be 

called epistemological reductionism) . 

At this phase the author finds it interesting 

and important to find, via survey, which of the 

above mentioned versions of reductionism is more 

widely held by biologists, of various levels of 

professionality and specialty. Of course, this 

planned survey is not intended to "solve" the 

philosophical problem. However, it might yield 

interesting results for the "sociology of scinece" 

and it may provide 'backing' for the arguments 

brought above for the inclusion of biology vs. 

humanities dilemma in our teaching of biology. 

The Objective of the Present Study 

The objective of the present study was to 

develop methods and procedures, which will enable 

the identification and characterization of the 

personal version of reductionism held by the 

subject. The desired method sought was a 

structured interview in which the first questions 

would not appear directed to the biology vs. 

humanities dilemma. The last group of questions 

was planned to be directed to the focus of the 

evaluation topic. The rational behind this 

approach was to enable the differentiation 

between interviewee's spontaneous position and 

his/her careful and formal presentation of the 

personal belief. 

The Methodology 

A structured interview was developed through 

trials and improvements by applying it to about 

twenty graduate biology students, from the 

department of animal physiology and biochemistry 
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of the Hebrew University of Jerusalem. 

The interview included six written questions 

in a multiple choice format. The interviewee 

responded first to the six questions on the paper 

with no interruption. After completing this 

phase, the interviewer reviewed the responses 

with the interviewee, asking more questions about 

the interviewee's reasons and considerations. The 

oral discussion of this phase was less structured 

and oriented by arising needs for clarification. 

Only three sample questions will be presented 

below. After initial oral discussion of question 

3 (below) the interviewer presented several 

concept maps to help sharpen the evaluation of the 

interviewee's position and beliefs. 

Below are the sample questions. 

Question 1 

A person on trial for war crimes, who 

murdered many people, argues in defense 

that he had merely obeyed orders. 

My opinion is: 

a) Man, in all situations is able and 

required to apply his free will and 

never agree to murder. Therefore, this 

aforementioned person must be blamed and 

severely punished. 

b) This person was not completely free in 

that war situation. Therefore, it is 

hard to blame him and his punishment 

should be considered accordingly. 

c) "Free will" is an illusion. Man always 

behaves automatically by conditioned 

responses. "Blaming" is, therefore, an 

irrelevant term. For the sake of 

society, he should be severely penalized 

as a warning to others. 

d) Other than the above. 

Question 2 

A dying man wrote a will in which he 

bequeathed all his wealth to a woman who 

helped him during his last few months of 

life. His children challenged the validity 

of the will arguing that their father was 

under emotional duress. 

My opinion is: 

a) Man is always free, therefore, we must 

honor his free will as expressed in his 

written will. 

b) 

c) 

Indeed, man has free will but there are 

certain situations in which man's free 

will is partially surpressed. This 

case should be analyzed accordingly. 

"Free will" is an illusion. Man is 

always influenced in a way that deter

mines his moves. Therefore, man's last 

will should always be considered 

invalid and the Law should dictate who 

inherits a person's wealth. 



Question 3 

A cow is to be slaughtered and its meat sold. 

In many countries there is a public pressure 

to institute laws which would compel 

slaughter houses to use methods which would 

yield almost no suffering to the animal. 

a) 

b) 

My opinion is: 

As long as the cow is alive it has a 

soul that feels and suffers, like we do. 

Thus, we should choose slaughtering 

methods that would not inflict suffering. 

Since an animal is merely a physico

chemical system, it cannot have any 

feelings (molecules do not have feelings) 

However, we should avoid cruel methods 

only in order to educate ourselves to be 

considerate. 

c) It is true that an animal is mrely a 

physico-chemical system, yet, this 

system when disturbed (disequilibrated) 

may feel pain. Therefore we should 

cause no suffering to this physico

chemical system, called cow. 

d) Since an animal is merely a physico

chemical system, it cannot have any 

feelings. "Animal suffering" is an 

illusion created by people. The only 

criterion for choosing a method of 

slaughtering is effeciency. 

After oral initial discussion of Question 3 

the interviewee was shown Map 1. (Figure 4) The 

interviewer read all the propositions on the map 

to the interviewee and then asked him if he/she 

agreed to the map content. Then the interviewer 

added to the map the concept "pain feeling" (in 

the dotted line frame) and asked what was that 
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Figure 4. Map 1: A reductionist representation 
of "cow." 
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thing that "feels" the pain. Dotted arrows were 

added by the interviewer to the map and the 

following questions were asked: Is it the 

chemicals themselves that feel the pain? Is it 

the individual nerve cells? Is it the nerve 

tissue or the whole brain? Is it the wholeness 

of the cow? Each of these levels of organization 

is reducible to its chemical constituencies, so 

so aren't we ultimately getting to claim that 

chemicals "feel"? Might it be that something of 

the cow, which is not made of chemicals, "feels" 

the pain? 

After discussing Map 1 the interviewee was 

shown Map 2 (Figure 5) that was similar to map 1 

but on this time the terms "cow" and "cowish 

behavior" was replaced by the terms "Man" and . ~ 

human behavior. The interviewee was asked whether 

he felt comfortable with this representation of 

man, or maybe he preferred the (humanist) 

representation of Map 3 (Figure 6). The 

interviewer asks if these two maps contradicted 

each other, and if yes whether they could be 

reconciled, and how. The interviewer set at 

this point Maps 1, 2 and 3, side by side, and 

asked the interviewee to use as much as he could 

of the maps to show the process by which "a 

person decides not to inflict pain onto a cow." 

1 d~!c.ds 

E3 

Figure 5. Map 2: A reductionist representation 
of man. 

As an additional prop, Map 4, (Figure 7). was shown 

to the interviewee and the questions asked were 

whether the interviewee found it as meaningful to 

read the sentence A to A as to read it B to B. 

If the answer was yes the last question was what 

was the source of the demand " .•. shoud not inflict 

pain,.,"? 



Figure 6. Map 3: A humanist representation of 
man. 
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Figure 7. Alternative representation of a value 
statement. 

First Findin9s About the Methodologies 

It was not intended to present in this paper 

any survey results. The described interview 

method seems to provide the ability to identify 

and differentiate between different positions with 

regard to the humanism vs. biology dilemma. 

Beside the two aforementioned versions of the 

reductionist paradigm it was possible to identify 

cases of unawareness and misunderstanding of the 

very nature of the presented dilemma. In such 

cases it seemed possible to characterize typical 

misunderstandings and consequent inconsistency. 

The intention of the authors is to apply this 

methodology in a wide scale survey. 
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The past decade has seen a considerable body of research into the way in which 

children learn science and into the models of teaching employed by teachers. Driver 

et al(l985) and Osborne & Frey berg( 1985) have summarised much of this work. 

The research emphasises the need for children to be regarded as active and 

purposeful learners who engage in a dynamic process of construction and 

reconstruction of the personal concepts which they use to understand science. It 

has been proposed that children progress in this way from a set of naive concepts 

in science which diSessa(1985) calls "pre-science" and Osborne and Freyberg call 

"children's science", to the accepted scientific world view. 

It is claimed that this progression to a mature scientific perspective is critically 

dependent on an experiential approach to teaching which gives children ample 

opponunity to develop concepts in a supponive fashion. A constructivist view of 

learning such as this contrasts with the implicit model of learning which forms the 

basis of much traditional science teaching. This conventional model, outlined by 

Renner(l982), assumes a simple three phase sequence:formal presentation of 

prescribed information by teacher exposition, verification of the information by 

closed practical work and practice of material presented in the first two phases 
through written exercises 

The majority of software produced for microcomputers in the past five years is 

based on this 'conventional' view of the process of teaching and learning science. 

Since most of it is designed by teachers who hold this model, this is perhaps not 

surprising. In common with many other educational materials, much software fails 

to make explicit the learning model inherent to the product and the user is left in the 

position of guessing at how it should be used. The term 'electronic blackboard' 

which is often used to describe some software packages is notable in that it views 

the software and technology as merely a means of enhancing the demonstration of 

prescribed information by teacher exposition. The software is viewed as an aid to 

the normal traditional methods of science teaching providing interactive animated 

displays where the parameters can be varied. However almost always this is done 

by teacher demonstration and children are provided with little significant 

opponunity to explore and test their models of the physical reality. 

A constructivist approach to computer software 

Kemmis et al(l977) have made a notable attempt to categorise the learning 

experiences provided by computer assisted learning(CAL). They viewed the 

experiences as essentially one of four types 

Instructional 

Revelatory 

Conjectural 

Emancipatory 

Instructional software relies heavily on exposition and reinforcement techniques of 

'drill and skill'. Its roots lie in the psychology of Skinner and its notable weakness 

is that it has practically no ability to respond to variations in the learner. Its model 

of the learner is fiXed and inflexible and although it provides valuable reinforcement 

practice for basic skills of reading instruments etc, it can hardly be said to provide 

meaningful learning as its ability to explain and adapt is far too often limited by the 

simplistic assumptions inherent to the design and the current limitations of the 
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technology. Such software is more consistent with a view of education which 

regards it as a process of training in the skills and methods of the discipline rather 

than an education in science which seeks to develop understanding. 

Revelatory software in science is substantially represented by a large number of 

simulations. A simulation of the operation of a nuclear reactor is a typical example. 

The user will be able to vary the coolant rate or the depth of the graphite rods used 

as a moderator. This provides the learner with a valuable opportunity to explore a 

model of an object that is not available in the classroom. The function of this is to 

'reveal' to the learner the behaviour of the system and allow them to develop an 

understanding of the model. However, the model is fixed, predetermined and often 

not visibily transparent. The learner is forced into the position of applying a 

heuristic approach to build an understanding and, unless the package is particularly 

appealing, may often lack motivation. This software only really has advantages 

from a constructivist perspective when the learner is asked to use it to test their 

hypothesis as to the behaviour of the system. The conflict between the predicted 

behaviour and the observed behaviour then allows the user to reflect and evaluate 

their conceptions of the underlying science. 

When used in this mode, the software is essentially becoming conjectural which 

allows the user to test their hypotheses against reality and observe the effect of 

varying parameters. It is only this type of software that offers any possibility of 

conceptual conflict, an essential mechanism of change from the learners alternative 

concepts to an intemalisation of the scientific model. Included within this category 

should be the wide range of software available for perfonning experimentation. 

Although the software itself is not inherently conjectural, the scientific activity it 

facilitates is. As Thomton(1987) argues that 'Laboratories using microcomputer 

based laboratory(MBL) tools allow students to build on their experiences like those 

in their everyday interaction with the world, but also allow them, through 

inunediate feedback of data in useable forms, to move away from misconceptions 

towards a deeper scientific understanding of these experiences.' 

Kemmis' final category refers to that wide range of general purpose software that is 

essentially designed to extend and enhance the capabilities of the user. In science 

education, software packages that perform data analyis and plot graphs are 

probably the most extensive in this area. The relative high cost of microcomputers 

has meant that children do not have frequent access to the 'word processors of the 

science laboratory'. However, there is a substantive argument that, just as 

word processors have transformed many adults attitude to the act of writing, 

liberating them from the fear of error and laboriousness of endless redrafts and 

allowing them to polish the product to an acceptable form, so may such tools 

provide children with an opportunity to produce printed results of high quality, 

raising their self esteem, motivation and confidence. Since motivation is seen as a 

central feature of learning from the constructivist perspective(Hewson & Hewson, 

Osborne & Wittrock 1985), the contribution of educational software to such 

schemes should not be ignored. 

What potential does educational software have for meaningful learning in science? 

We believe it is possible to assess the relevance of educational software to the 

learning of science which are consistent with such an approach by the use of the 

following criteria. As such they represent a schema for evaluating science software. 

( 1) Educational software should be primarily orientated towards the representation 

and development of concepts. Topics for software should be chosen from the 

standpoint of whether they can provide a good context for promoting 

conceptual development. An essential requisite is that these should provide an 

experiential basis for learning, developing conflict between the childs pre

existing concepts and the model presented by the software. 

(2) In conunon with other recent curriculum materials, software should not 

assume that the child has no scientific conception of reality themselves. 

(3) Software should provide a context which is relevant to the way in which 

children think about the real world. There should be a synergy between the 

representations and interactions provided by the software and children's 

perceptions of the real world. 

( 4) Children should be able to construct their own personal representation of 

reality in the software environment. This implies that children should be able 

to modify and extend the software in such a way that it accords with their own 

current concepts. 



(5) It should be possible for the software to suppon alternative concepts. This is 

essential if children are going to use software to compare concepts and 

reconcile conflicts between alternative concepts. 

It is unlikely that any individual program will satisfy all criteria but software that is 

consistent with these aims is in essence conjectural allowing childrens to construct 

and manipulate a model of reality and test its behaviour against their expectations. It 

is possible to identify two main strands of computer assisted learning that offer the 

most significant potential for a 'constructivist' approach to learning. These are the 

activity of modelling and the use of software to provide idealised representations of 

reality or 'ideal worlds'. 

Modelling as a oomtructi\'N activity 

The process of modelling is one of the fundamental mechanisms of human thought. 

Marx(l984) highlights this in his statement that 'Man is a model making animal.' 

and that 

'Science makes extended use of models. The history of science could 

not be told without mentioning celestial spheres, rigid bodies, 

indivisible arom.s, elastic lines of force, the vibrating ether, the atomic 

planetary system, the valence hook, the double helix, corpuscle-wave 

dualism.' 

The act of understanding often involves the development of a complex schema that 

represents the perceived external reality. Models are developed through a process 

of critical evaluation and review and this leads to the typical understanding of the 

mature adult Programming and system simulation provide one of the most 

valuable tools available to the scientist to model physical systems. Modelling 

languages such as Simula and Dynamo have been widely available in higher 

education for the past decade but such work has had minimal impact on the 

secondary school curriculum. The most notable development is the Dynamic 

Modelling System(Ogborn J. & Wong D., 1984) and the Cellular Modelling 

System(Holland and Ogborn, 1987). Both of these allow children to model simple 

systems using a formalism of the BASIC programming language. 
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Fig 1: Typical screen from Dynamic Modelling System. 
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With this system, the user is presented with two pads which can be used to 

construct the model and display its behaviour graphically. A model to investigate 

the movement of an object in a gravitational field would be 
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Gravitational Force F = -10 

Newton II A =F/M 

Velocity from dV =A* dt 

acceleration v = V+dV 

Displacement from dS = v. dt 

velocity s =S + dS 

Qock T =T+dT 

In addition, the user has to define the initial values used by the model by changing 

the pad to the tide 'Values'. Once these are defined, the axes of the graph and the 

range of values must be specified and the model can then be run. 

The activity of modelling includes the expression of the model, on paper or on a 

computer, using a symbolic formalism. The model is then evaluated by execution 

and examination of the graphical results and comparison with reality. The results 

shown in Fig 1 represent the idealised result where air resistance is minimal or 

zero. The model can easily be adapted to include the effects of air resistance by 

changing the force equation to 

F =-10 + K•v2 

allowing the child to construct a more sophisiticated model than is possible on 

many undergraduate courses. Previous knowledge and new experiences are built 

on to 'construct an understanding of reality which is simulated on the computer. 

Modelling languages provide a new means for expressing thought and articulating 

concepts that are less dependent on a comprehensive understanding of 

mathematics. This is one of the fundamental attractions of computing for adults as 

it provides a new tool for expressing ideas. This is aptly reflected in the statement 

by Wittgenstein(l961) that The limits of my language are the limits of my world.' 

Modelling languages provide another language for understanding the world and the 

purpose of modelling is to provide insight. As yet, it has not been extensively used 

in schools. But is not the science we teach, that which we can teach? Science 

educators are opportunist in their approach to the teaching of science making a 

virtue out of necessity using available technology. The development of courses in 

chaos and non-linear dynamics in higher education is primarily due to the 

availability of microcomputer modelling tools. The arrival of the cheap 

microcomputer with its 'user-friendly' software necessitates a re-evaluation of our 

methods with a view to the contribution such materials can make to a constructivist 

pedagogy. 

This modelling system is still dependent on an appreciation of stepwise algorithmic 

approaches to problem solving and the formalism of the BASIC programming 

language. The evidence is that this is not easily understood by children. However 

modelling languages such as Stella and the futuristic alternate reality kit(O'Shea & 

Randall Smith, 1987) that make use of iconic symbols to present a more visual 

model show greater potential for expressing and constructing conceptual models. 

The graphical representation of Stella emphasises the structural connectivity and 

symmetry of the model. It also provides a rich visual syntax to visually define such 

concepts as links and flows and is similar in this respect to the concept maps of 

Novak & Gowin(1986). 

Programming languages also have a role to play in providing a means to construct 

simple models of physical environments. LOGO is one whose use has been argued 

for extensively, particularly in mathematics education(Papert, 1980; Harvey, 1982; 

Abelson & Di Sessa, 1980;). Only a small amount has been written about its 

potential in science education and this is restricted to physics(Hurley, 1985; Lough, 

1986, Morecroft, 1986). Simple models can be created with the following 

procedures 

TO MOVE 

FORWARD 1 

MOVE 

END 



Typing MOVE sets the turtle in motion across the screen simulating an object 

moving with no resultant force acting on it. The object can be made to accelerate by 

altering the program as follows 

TO ACCELERATE 

MAKE "STEPO 

MOVE 

END 

TO MOVE 

MAKE "STEP :STEP+ I 

FORWARD :STEP 

MOVE 

END 

In this example the 'turtle moves forward a distance given by the variable parameter 

:STEP. Typing ACCELERATE will cause the turtle to accelerate constantly across 

the screen. Circular motion can be simulated with the simple program 

TO CIRCLE 

REPEAT 360 [FORWARD I RIGHT 1] 

END 

The last example makes the imponant point that to move in a circle, the turtle must 

tum towards the right and the centre of the circle. Hence the force must act towards 

the centre. These examples can be extended to simulate projectile motion, free fall 

and simple harmonic motion. To the mature physicist they may seem trivial but to 

the child, they may be a means of access, a point at which their minds and 

imaginations are able to engage with the world being simulated on the screen. 

LOGO has also been used for developing microworlds in which children can 

explore scientific concepts. diSessa et al ( 1982) produced a microworld in which 

children can explore dynamics using a computational object called a 'dynaturtle' 

which obeyed Newtonian mechanics. Children were invited to use a 'kick' 

primitive which gave the tunle an impulsive force in a specified direction and 

compare the actual behaviour with their hypothesised predictions. The conflict 

generated led the children to explore and reconstruct their concept of force. Further 
work in developing LOOO microworlds is currently in progress and is described 

by Squires (1987).1n essence, this work is based on the idea of a 'field turtle' 
which is concerned with the concept of action at a distance and provides children 

with an opportunity of exploring the behaviour of such objects. 

Ideal worlds 

The models that scientists use to think about the real world are not obvious -

Newtonian dynamics as a way of describing and thinking about the manner in 

which objects move is a well known and documented example. Scientists use 

abstractions, ideas and concepts which are inventions of science. There is no 

implicit reason why children should know about them or use them as methods to 

achieve understanding. However they are powerful and useful ways of looking at 

the world and we maintain that the primary task for science education is to devise 

ways of making these scientific ideas accessible and meaningful to children. 

Why not represent these ideal conceptualisations of the way nature works on a 

computer? - not just as a simulation of a defined process or system but as a clearly 

articulated representation of scientific concepts. In this way we propose that it is 

possible to use computers to provide experiential environments for children to 

observe the consequences of the application of accepted scientific ideas. 

There is considerable evidence that children employ a range of concepts to 

understand electric current and that they typically have difficulty in perceiving and 

using the classic model of current flow in simple d.c. circuits (Shipstone 1984). 

Circuits (James et al, 1986) attempts to provide an ideal environment through 

software concerned with the exploration of series and parallel circuits consisting of 

cells, bulbs and a switch. The software presents children with various circuits 

which have a fault which prevents some or all of the bulbs in the circuit from 

lighting. By moving a cursor around the circuit the children can add and delete 

components using a simple menu system. It is possible for a teacher to specify the 

order in which the children are presented with circuits and for a teacher to design 

circuits which will be used by the software. In this way the teacher can 

"customise" the learning environment which the children are given. 
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The cells which the children can use when they operate the software are never 

"flat" and have zero internal resistance, the connecting wires have zero resistance 

and equally rated bulbs give a uniform brightness. In this way the children are 

protected from the experimental "noise"- e.g. loose connections, the idiosyncratic 

behaviour of the bulbs, and flat cells - which we suggest often hinders their 

perception of the way in which the behaviour of simple circuits can be understood. 

The design of this software raises some interesting questions concerned with the 

relationship of the use of this type of software and to experimental work in the 

laboratory. For example, in an attempt to focus the children's attention on the 

BASIC physics involved, the representation of the brightness of the bulbs is 

deliberately stylised in terms of a number of "spokes" surrounding a bulb. This is 

a obviously a simplistic representation, taking no account of the variation in 

brightness of a bulb with temperature, but we maintain that this is understandable 

by children and consistent with the concepts on which the software is based. It is 

proposed that children may be able to interpret the results of experimental work in a 

far more meaningful way after they have viewed the behaviour of simple circuits in 

the ideal fashion outlined above. 

Work on the alternative frameworks that children employ to understand dynamics 

is well known and documented (Gilbert & Watts 1983). In essence, it appears that 

children find it very difficult to conceive of a world in which motion is governed by 

Newtonian dynamics. In particular there is a commonly held belief that the action 

of a force is to cause a change in displacement rather than a change in velocity and 

that left alone a moving body will eventually come to rest without the application of 

any external force. World of Newton (Ogborn, 1986) provides a computer based 

dynamics laboratory in which impulsive forces can be applied to an object which 

will the move around the computer screen. The object will move in a Newtonian 

fashion in an environment in which friction can be turned on or off, the mass of 

the object can be changed at will and in which gravity can be varied from zero 

throu~ a set of discrete values to a maximum. It is possible to trace the path that 

the object follows and to superimpose a grid on the screen. An example of the 

motion of the object is shown in Figure 2. 

••• 

Figure 2 An example of the motion of an object in World of Newton 

This software could provide an environment in which the child can develop a tacit 

and intuitive understanding of Newtonian dynamics. Without the internalisation of 

an alternative model of dynamics to the commonly held Aristotelian conception, 

there is little chance that they will perceive a conflict between their views and the 

accepted scientific model. We maintain that similar learning outcomes to those 

proposed in association with the use of Circuits may be possible here. 

Conclusion 

It is our proposition that the use of appropriately designed computer software can 

provide unique experiences and insights of scientific phenomena. These may 

provide an opportunity for children to: 

i) construct their own models of reality in a supportive environment; 

ii) test and evaluate these mental models; 

iii) compare and contrast their models with commonly accepted scientific models 

Consideration of the potential for software to give the children these opportunities 

has significant implications for the design and evaluation of science educational 

software which have not been widely recognised to date. If computer based 

materials are to be of genuine use in future science education, the design of the 

materials must reflect an experiential approach to the nature of learning which is 



entirely consistent and supportive with a constructivist approach to learning in 

science. 
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Patterns of Misunderstanding An Integrative Model of 
Misconceptions in Science, Math, and Programming 

D.N. Perkins & Rebecca Simmons 
Harvard Graduate School of Education 

Recent research in the learning of physics, mathematics, and 

programming tells a tale of si~ilarity within diversity. Despite 

significant differences a~ong these domains, patterns of mia

underetanding appear in novices -- and 1ometime1 even in experts 

-- that seem in many ways to reflect analogous underlying dif

ficulties. In physics, for exa•ple, student• typically lolve 

problems by rote equation cranking. They first engage in a formulaic 

matching of the variables presented in the proble• to equations 

and then perform standard algebraic transfor•ations on the 

equations to solve for the unknowns (Chi, Glaser, & Rees, 1982; 

Chi, Feltovich, & Glaser, !981; Larkin, KcDermott, Simon, & 

Simon, 1980: White & Horwitz, 1987). Missing is the 1ense of 

the "deep structure" of the problem organized around key interpretive 

concepts such as conservation of energy. 

In mathematics problem solving, one sees the same pattern 

of attention to surface similarities. Schoenfeld (1985) notes 

examples of students who characteristically perform •eaningless 

calculations on a problem, with no attention to whether or not 

the particular approach is justified, or progress being made, 

instead invoking schema apparently based on such phenomena as 

recency or fa•iliarity. In computer program.ing as well, "tem

plate-bound" coding with no apparent accompanying attention to the 

underlying mechaniems of the primitive• is a com.on and persiltent 

stumbling block (Perkins & Kartin, 1986; Perkins, Kartin, & 

F'arady, 1986). 

Another ano•aly frequently seen across do~ains is the use 

of notational expressions that somehow violate the se•antics. 

This occurs in math when students make errors of distributivity; 

for example, the square root of A plus B is eaid to equal the 

square root of A plus the square root of B. How algebra refer• 

to numbers -- numbers provide its se•antice, so to speak and 

an effort to check the diltributivity relation with numbere 

would quickly disclose its error. In prograaming the 1ame phenomenon 

occurs: one see1 expressions such as "PRIHT 5 *" (in BASIC) as 

an attempt to output a row of 5 stars on the screen (Perkins & 

Martin, 1986). Students often do not check such expressions 

against the semantics of the programming language by hand-executing 

the expression. In the sciences, students not uncommonly derive 

and report physically implausible or meaningless results -- negative 

speeds or masses, for instance 

cranking has delivered. 

because that is what the equation 

In all these instances, it is as though the students have 

forgotten what the statements mean in terms of interpretive 

models -- numbers in the case of algebra, machine actions in the 

case of programming, physical quantities with certain constraints 

in the case of physics -- and instead write and •anipulate 

expressions in ways that suit their hopes and intentione, unfettered 

by a constraining semantics. 

A further problem exhibited by students can be characterized 

as an anthropomorphism or animism regarding major elements in 

the domain. Halve animistic concepts are commonplace in physics 

For instance, sources of forces need to be agent-like things 

that can "push back," such as springs or springy substances; 

rigid substances are seen as having no way to push back (diSessa, 

1983; Clement, 1987). One can argue that all objects are more 

or less springy, of course, but, beyond that, the existence of 

an equal and opposite reaction force does not require springiness. 

Likewise, in programming, many errors can be attributed to a 

conceptual "superbug" in which the computer "understands" the 

meaning and the intentions of the statements it processes (Pea, 

1986). Thus, for example, given a variable name of LARGEST in a 

Pascal program, the computer will "know" to store the largest of 

a series of numbers it reads into that variable because it 

comprehends the semantic unit "largest" (Sleeman, 1986). 

In sum, among a surfeit of student misunderstandings, there 

appear to be some strong similarities acros1 the domains of 

physics, math, programming, and no doubt others as well. This 

ob1ervation raises a number of intriguing que1tione: Can one 
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characterize broadly parallel causes of these parallel mis

understandings? "oreover, in some degree, might the causes be 

not just parallel but idsntical cros1cutting levels of knowlsdge 

that, because faulty in certain ways, undermine understanding in 

several domains at once? Such a stand would, of course, run 

counter to one current viewpoint that holds that expert performance 

is, by and large, domain specific. Finally, what educational 

implications would follow from identifying parallel and comaon 

causes? 

In this article, we present a tentative attempt at an 

integrative model of misunderstandings in science, math, and 

programming, directed at answering these questions. First of 

all, we identify four levels of knowledge implicated in mis

understandings. In the firsl of these, which is domain specific, 

misunderstandings arise because of parallel causes in different 

domains. In the other three, which are to some extent crosscutting, 

misunderstandings arise in different domains because of the very 

same causes. Second, we identify a few typical patterns or 

syndromes of understanding -- wgestalts" that arise frequently, 

involving several of the levels. We suggest that misunderstandings 

have causes at multiple levels that interlock to form these 

distinctive gestalts. Finally, we argue in light of this framework 

that education characteristically neglects large parts of certain 

levels of knowledge and virtually all of certain others. Better 

education calls for more thorough attention to each and every 

level. 

four frames for Understanding a Paradigm 

Adapting a term from Thomas Kuhn (1962), we refer to the systems 

of thought that we would like students to understand as paradigms. 

lhe term is intended in a more restricted sense than that of 

Kuhn, ·naming the limited systems such as beginning algebra, 

elementary Newtonian mechanisms, elementary programming in 

BASIC, and so on, that students face. Nonetheless, a paradigm 

even of limited scope in the ideal has many aspects. We find it 

heuristic to characterize deep understanding of a paradigm as 

involving a matter of four interlocked levels of knowledge named 

the content frame, the problem-solving frame, the epistemic 

frame, and the inquiry frame. The term "framew simply serves as 

a remindsr that each of these is a system of schemata internally 

coherent and partially independent of the other frames. 

In brief, the four frames are as follows: 

0 Content frame. This contains the specific paradigm content 

at issue, for instance specific knowledge of Newtonian physics 

or programaing in BASIC. 

0 Problem-solving frame. This encompasses more general knowledge 

concerning problem management, generic problem solving heuristics, 

and the like. The problem-solving frame, in combination with 

knowledge from the content frame, facilitates solving conventional 

textbook problems. 

0 E2istemic frame. This frame incorporates norms about the 

justification of claims, procedures, and knowledge systems. 

The soundness of the paradigm depends on how well the content 

frame matches up to the standards set by the epistemic frame. 

o InquirY frame. This frame includes general patterns of 

thinking that work to extend and to challenge a paradigm. To 

put it another way, the inquiry frame is concerned with 

critical and creative thinking about paradigms, beyond the 

scope of normal textbook problems. 

The four frames have been described in terms of what they 

~contain. But, of course, often these frames contain 

instead naive and reductive notions. Sometime& they may contain 

hardly any notions at all -- for instance, a atudent may have no 

idea what the epiatemic foundations of a particular paradigm 

are, or how to deploy the paradigm in a spirit of inquiry. 

It ia eaay to see that ideal veraiona of the four frames 

would contribute to a very sophiaticated understanding of a 



paradig~. However, one might question whether all four are 

relevant to our aspirations for students' understanding. Do not 

they go too far? Could not a student perfectly well evade the 

various misconceptions students evince without nearly so sophisticat

ed an armamentum? Moreover, the frames other than the content 

frame have quite a general character; does not this analysis run 

counter to the current evidence that expertise is heavily rooted 

in domain-specific knowledge (e.g. Chase & Simon, 1973; Chi, 

Glaser, & Rees, 1982; Chi, Feltovich, & Glaser, 1981; Glaser, 

1984; Newell & Simon, 1972; Schoenfeld & Herrmann, 1982)? For 

all these reasons, the four frames may appear to be an unlikely 

basis for a deeper look at the roots of students' misunder

standings. 

Despite these concerns, however, we urge that the four 

frames play a fundamental role. We will argue that, contrary to 

appearances, evading misconceptions in any real sense requires 

the kinds of higher order sophistication represented by the 

non-content frames. The evidence on expertise notwithstandinc, 

we will argue that understanding intrinsically Involves domain-gener

al considerations such as those articulated for the non-content 

frames. 

A Radical Example 

Before describing the four frames in more detail, we can begin 

on these arguments by discussing a lingle example to preview the 

general approa~h. As mentioned earlier, students commonly and 

inappropriately apply a principle of distrlbutivity to the 

radical sign. For example, an algebra student may write: 

\1 A + 8 = \1-,::- + \1--y--

Now the key question is: Why has the student fallen Into this 

ml sconception? 

Thinking purely In terms of the content frame for elementary 

algebra, one might simply say that there Is a gap In the student's 

knowledge base about algebra. The student does not happen to 

know that distributivlty does not apply to the radical. The 

student either believes the principle~ apply, or, while 

uncertain, presumes that it does by explicit or tacit analogy 

with the dietributivity of multiplication over division and of 

exponentiation over multiplication. 

But can one really stop with the content frame? On the 

contrary, the circumstances suggest that procedures attributable 

to a general problem-solving frame play a role here. First of 

all, the uncertain student, who uses analogy to generate a rule, 

is deploying a general strategy, one that students use In many 

contexts. Without the analogical strategy, there would be no 

false rule to worry about; the student simply would not know 

what to do. Unfortunately, It seems that the students' problem-solv

Ing frame lacks a complementary strategy. A strong problem-solving 

frame for math, the hard sciences, and programming embodies a 

conservative strategy to filter out false analoglea: All steps 

need grounding; when uncertain, check the soundness of an Idea 

rather than just proceeding on speculation. A student lacking 

this conservative principle responds somehow -- anyhow -- In 

order to proceed with the problem (cf. Brown & VanLehn, 1980; 

VanLehn, l98la). 

Now let us consider whether there is a role for the eplete•lc 

frame in thle example. Suppose the student feels uncertain 

about the dlstributlvlty rule yielded by analogy-making. What 

might the student's epistemlc frame say that would encourage, or 

discourage, an effort to check the rule? Well, many student&' 

epistemlc frames see• to treat rules of a formal syetem like 

algebra rather like "rules of the game." So•ewhere, someone 

made up or firured out the rules, which are basically to be 

learned, not checked. If one hae to check, one asks the teacher 

or looks the rule up In a book. A very different and less 

reductive epistemology would recognize that any notational 

system, such as that of algebra, has a semantic basi& that 

entails the rules. In the case of algebra, the semantic basis Is 

real number arithmetic, and one can always check a proposed algebraic 

relation by testing It with numbers. A student with a strong 

sense that number• provide the semantic foundation for algebra 
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is considerably more likely to see checking with numbers as a 

reasonable and rewarding course of action. 

As to the inquiry frame, it must be plain that proceeding 

on speculation diecloses no critical posture at all toward the 

paradigm and the (invalid) extension of it offered by the false 

distributivity rule. It is as though the student's tacit inquiry 

frame reads like this: Go by what you know; if you don't know, 

ask; if you can't ask, guess. In other words, •inquiry" takes 

the reductive form of interrogating official sources. 

With this particular example reviewed, let us return to the 

first of the general questions raised earlier: Could not a 

student evade this misconception without help from the non-content 

frames? Well, of course a student could. The student might 

simply know by rote that the rule was false and hence not make 

the mistake. However, obviously this kind of escape fro• error 

does In Itself not constitute understanding but &imply skill 

with the rituals of algebra. To appreciate why there is a rule 

that might hold, but does not, the atudent must encompasa •ore. 

The student must aee how analogy motivate& a certain rule; thia 

understanding seems to implicate the problem-solving frame. The 

student ~ust see how a check against real nwmbers invalidates 

the rule, and must appreciate that this not merely a ritualized 

way of checking expressions but rather just the rlaht check to 

make -- because the very rationale for the rule atructure of 

algebra is inherited from the real numbers. This implicates the 

semantic frame. Perhaps the student could understand all this 

without a stronr inquiry frame, but at least the other two seem 

necessary. 

Now consider the second question ralaed earlier: How does 

all this jibe with the research on expertise that arguea that 

expertise is highly domain specific (e.g. Chase & Simon, 1973; 

Chi, Glaser, & Rees, 1982; Chi, Feltovich, & Glaser, 1981; 

Glaser, 1984; Newell & Simon, 1972; Schoenfeld & Herrmann, 

1982). In reality, there is no conflict. Firat of all, the 

dependency of expertise on domain-specific knowledge (the content 

frame) is part of the preaant model. For instance, the student 

is in no position to check or even generate the false radical 

rule unless the etudent has the berinninrs of an acquaintance 

with algebra and quite a rood sense of number. Secondly, the 

dependency on domain-specific knowledge in no way entails that 

there are not other more crosscutting knowledge systems at work 

-- the problem-solving, epistemic, and inquiry frames. It is not 

from the higher order frames alone, or the content-frame alone, 

that understanding emerges, but from their confluence. 

Thirdly, and perhaps most important, expertise and underatandinr 

are not the same thing, at least if we take expertise in a 

narrow sense. It is perfectly possible to be a facile handler 

of textbook algebra problems without really underatandinr algebra; 

one has merely become very good at the rituals of algebra. 

likewise, it is perfectly possible to understand quite well the 

grounds of algebra, but to proceed with algebra problems in a 

halting and roundabout way because one has not yet acquired the 

"compiled• contextualized procedural knowledge characteristic of 

expertise (cf. Anderson, 1983). 

With these general points in •ind, we turn to discuasinr 

the four frames in more detail. 

The Content Frame 

As mentioned earlier, the content frame encompasees knowledge 

having to do with the particulars of a paradiam. At the heart 

of a content frame lies the core concepts that characterize the 

paradigm. In the case of elementary Newtonian physics, for 

example, these would include such notions as force, mass, velocity, 

and acceleration. In the case of elementary programming, the 

core concepts would include the notions of variable, expression, 

assignment statements, loops, and 10 on. In the case of elementary 

algebra, concepts like variable, expression, equation, solution, 

and so on, would occupy the core. Also central to the paradigm 

is what might be called •mapping schemes" that associate the 

core concepts with referents. Thus, for exa•pla, one has to 

associate mass or acceleration with the right sorts of pheno•ena 

in the world in order to handle ele•entary physics effectively. 



The content fra~e can be faulty in a number of ways. We discuss 

several to illustrate. 

Naive, underdifferentiated, and malprioritized concepts. 

As has been widely recognized, students do not approach paradigms 

new to them with empty minds. They bring preconceptions that 

often rival and override those of the paradigm itself. For some 

examples from physics, impetus-like conceptions of motion have 

been found in students of physics in numerous experiments (e.g. 

Clement, 1982; Clement, 1983; 11cCloskey, 1983; Ranney, 1987). 

Underdifferentiation between neighboring concepts such as heat 

and temperature is commonplace -- and indeed was a problem in 

the history of physics (Wiser li Carey, 1983). DiSessa (1983) 

has pointed out that sometimes the problem can be one not so 

much of mistaken concepts as malprioritized concepts. For 

example, to novices rigidity is as salient a property of matter 

as springiness, whereas for a physicist, springinesa plays a 

far-reaching explanatory rols while rigidity is a never-achieved 

limiting case of little interest. 

Inert knowledge. Freshly acquired knowledge is likely to 

be inert, particularly if the knowledge was obtained in a didactic 

fashion (Bransford, Franks, Vye, li Sherwood, 1986). To offer an 

example from programming, experiments with novice programmers 

reported by Perkins, 11artin, and Farady (1986) and Perkins and 

11artin (1986) revealed that a high percentage of their knowledge 

was Inert: While students commonly evinced for lack of a relevant 

knowledge structure, simple nonspecific prompts often led to 

them recovering the relevant knowledge and proceeding correctly. 

In other words, they posse1sed the knowledge but did not initially 

retrieve it. 

Sometimes it is the everyday knowledge rather than the new 

knowledge that ia inert. For an exampl1 from physics, youngaters 

who have learned that ~hermometers mea1ure te~perature may lose 

track of the connection between what the thermometer measures by 

technical means and their own sense of hot and cold. They will 

expect thermometer reading• to add to yield twice the te•perature 

when two cups of water at the same temperature are combined, 

never considering their own common-sense knowledge that the 

"feel" of the water will be the same (Strauss, 1986). 

Garbled knowledae. Inertness aside, newly acquired knowledge 

commonly gets mixed up in various ways as well. To mention a 

few examples, beginning students of physics may recognize friction 

as a force operative when one object is moving against another, 

but not when the object is stationary against the other (Roth li 

Chaiklin, 1987). Students may attribute both impinging force and 

reaction force to the same object, rather than the reaction 

force to the "supporting" object (Anzai li Yokoyama, 1984). In 

programming, students may import elements from one command into 

the midst of another (Perkins li 11artin, 1986). In aritru.etic, 

students attempt diverse variations on the rules of arithmetic 

in order to "repair" the situation when they do not quite know 

what to do (Brown li Vanlehn, 1980; Vanlehn, !98la). 

Formulaic thinking. One common tactic students develop for 

coping with the flood of new information as they encounter a 

paradigm is to develop te~plate-like responses to particular 

cases, without grasping the "deep structure" of the paradi~. 

Their formulaic thinking showa up when, faced with a so~ewhat 

new situation, they respond in a stereotyped way. For example, 

one student of programming who had recently studied FOR-NEXT 

loops felt that a problem really ought to include one and quite 

correctly incorporated a FOR-NEXT loop of the form FOR N = 1 to 

l (Perkins li 11artin, 1986). Similarly, students in arithmetic 

commonly develop stereotyped responses to key terms in word 

problems -- "less" meana subtract, "times" means multiply, and 

so on. 

Considerations like those raised above help us to understand 

why students display the difficulties that they do. Naive 

concepts naturally will rival the new ones out of the textbook. 

Formulaic thinking is a reasonable although limited coping 

strategy. A recently acquired knowledge baae is likely to 

contain considerable garbled and inert knowledge. Yet there is 

more to puzzle about than these considerations in themselves 

explain. With the problem-solving frame in ~ind, why do students 
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not struggle harder to retrieve or work around their inert 

knowledge and to disentangle their garbled knowledge? With the 

eplatemlc traae in aind, why do students often cling stubbornly 

to naive concepts even when they have been shown demonstrations 

and given arguments that reveal profound difficulties in those 

naive concepta7 With the inquiry frame in mind, why do students 

not display a more critical and creative spirit in questioning 

their first construals7 

The import of these questions is straightforward. Although 

the misconceptions students manifest certainly involve the 

content frame, the misconceptions appear to be exacerbated by 

weaknesses in the other frames. We turn now to examining the 

character of some of these weaknesses. 

The Problem-Solving Frame 

Ideally, the problem solving frame incorporates metacognitive 

knowledge that helps one direct the problem-solving process. It 

includes heuristics such as breaking problems down into manageable 

parts, regulating time spent on any one solution path. seeking 

alternative paths when appropriate, and so on (Polya, 1954; 

Schoenfeld, 1980, 1985). It also includes supportive beliefs 

about and attitudes toward the problem-solving process. Un

fortunately, however, the novice's problem-solving frame may 

instead be stocked with a number of marginally productive or 

counterproductive strategies, attitudes, and beliefs. Here are 

some cases in point. 

Trial and error. Undisciplined trial and error methods are 

surprisingly coamon. In mathematics, Schoenfeld (1985) cites 

the example of colleae freshmen (having completed a semester of 

college calculus) who, given a task of geometric construction, 

guessed incorrectly a solution within a minute of reading the 

problem, kept guessing until they came up with a reasonable 

solution on the third conjecture, but were unable to say why the 

solution worked, offering only, "It just does." 

Perseveration and guittina. Another co.-on hazard ia 

peraeveratlon with an approach that is yieldinr no real progress 

on the problem. Again, Schoenfeld (1985) describes examples of 

this behavior. Quitting is the flip side of perseveratlon. The 

behavior of alzlng up a math problem and quitting at once if no 

obvious path to a solution presents itself is com.only remarked. 

In programming as well, we have observed both peraeveratlon in 

an approach and the tendency to quit (Perkins, Hancock, Hobbs, 

Martin, & Slamone, 1986). 

Proceedln& on a aueaa. As discussed in the case of the 

radical, students who cannot recall just what the rule la commonly 

make plausible conjectures and then proceed on that basis, doing 

nothing to test their conjectures. They thus reason by analogy 

to generate a possibility an intelligent move -- but fall to 

deploy any kind of filter to check their possibility. 

Eguation crankin&. One of the moat coamonly observed 

characteristics of novice problem solvers is an "equation cranking" 

approach, whereby the students note what needs to be derived, 

seek equations that yield those results, and work backward 

toward the givens until they find a chain of equations that will 

bridae from givens to solution (ct. Chi, Feltovich, & Glaser, 

1981; Chi, Glaser, & Reea, 1982; Larkin, McDermott, Simon, & 

Simon, 1980; White & Horwitz, 1987). In part, this pattern 

reflects content frame difficulties; novices lack the insight 

into the domain to assemble qualitative models as a basis for 

reasoning forward from givens to unknowns, the more typical 

expert path. At the same time, one would hope that part of the 

ideal problem-aolvlna frame would be a disposition to seek such 

paths, using the liaited knowledge at one's disposal to understand 

qualitatively the problem aa best one could. 

The Epistemic Frame 

The epistemic frame focuses on aeneral norms having to do with 

the grounding of the concepts and constraints in a paradigm. 

For example, in physics, one ought to have a theory that is 

consistent with the evidence. Also, one's intuitive notions of 

the constructs involved should match one's formal manipulation 

of those concepts uaing logic and mathematics. In contrast with 



many areas of life, the hard sciences, mathematics, and progra~ing 

demand extraordinarily high standards of coherence between 

models and what they describe and within models themselves. 

Unfortunately, most students have not developed the hypersensitivity 

to coherence required by these technical domains. Among the 

weaknesses in the novice's eplstemlc frame are these. 

Intuitions mask contrary observation. Expectations based 

on naive intuitions and prior practice not uncommonly actually 

modify what one sees or recollects. For example, diSessa (1983) 

notes that people typically analyze the question, "How would 

blocking the intake of a vacuum cleaner affect the eound of the 

motor," by applying an intuitive concept (In diSessa's terms, a 

p-prim or phenomenological primitive) in which greater resistance 

means greater strain, implying a lower-pitched sound. In fact, 

the pitch goes up, but diSessa's interview subjects frequently 

reported remembering that the pitch went down, in confirmation 

of their faulty analysis. 

Intuitions have priority over Internal coherence. The 

notion that objects of different masses fall at different speed 

lacks coherence, as Galileo's famous argument established. The 

notion that a book on a table pushes on the table, but the table 

does not push back on the book, also does not yield a coherent 

analysis: There is no physical basis local to the interface 

between things that permits determining from which direction the 

force Is coming (cf. Clement, 1987). The notion that one can 

have an average of 1.5 offspring per family may be rejected as 

nonsensical even though the mathematical meaning of average 

makes it perfectly coherent (cf. Strauss, 1986). The notion 

that a computer program "knows" what input values should go Into 

variable names LARGEST dies hard, even though students know in 

principle that the choice of variable names is theirs, a point 

incoherent with such wisdom on the part of the computer (cf. Slee

man, 1986). Such examples suggest that people commonly fail to 

notice the incoherencies in their intuitive mental models, and, 

often, when incoherencies are brought to their attention, the 

incoherencies simply do not appear very important. The robust 

intuitive model seems worth preserving in the face of a few 

minor discrepancies. 

The grounding of the paradigm's rules is neglected. Multi

plication is distributive over addition in algebra, but the 

square root is not distributive. Air resistance aside, bodies 

of different masses fall at the same speed. Where do euch rules 

come from? As noted earlier, novices may easily view such rules 

as "rules of the game," something someone figured out sometime 

that one just has to learn. However, again as noted earlier, 

the grounding of rules of algebra essentially lies in rules of 

arithmetic. Checking a rule of algebra against arithmetic is 

not merely using a conventional trick, but doing just the right 

thing -- turning to the epistemological foundation of algebra. 

In the case of the hard sciences, it's commonplace to view 

empirical inquiry as the epistemological foundation. This, of 

course, makes the foundation inaccessible to most students, who 

are in no position to go out and do experiments. However, we 

suggest that in fact a significant part of the foundation of, 

for example, physics lies in logical coherence and in coherence 

with gross features of the world, rather than in agreement with 

the fine structure of the world. For instance, Galilee's arguaent 

that objects of any mase fall at the same speed depends basically 

on logic and on our intuition that snipping a string between two 

objects is not going to make that much of a difference in their 

rates of fall. The proportionality of F with • in F=ma can be 

justified in the same way. Inverse square laws can be conceptualized 

and justified in terms of a flux concept. 

To be sure, 1uch juetifications await for final verification 

on empirical evidence, but they can easily precede it and, in 

many easel at least, the world would be a very strange place if 

the principles did not hold up. They al1o frequently have the 

advantage of providing more compelling understandings of the 

phenomena concerned than does mere evidence. They •how not that 

something happens empirically to be the case but ~ it almost 

has to be the case. Accordingly, the notion that the epistemological 

foundations of physics and other hard sciences are through and 
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throuah empirical, requirina mountain& of data, does miechief by 

deprivina etudente of an important intellectual resource. 

The Inquiry Frame 

The inquiry frame is the moat ambitious and perhapa hardeet to 

develop of the four discuesed. The inquiry frame encompaaaea 

knowledae and attitudes havina to do with (a) challenaina elements 

of a paradigm or the whole paradigm and (b) extendina a paradiam 

beyond ita conventional acope. Such patterns of thouaht not so 

co.monly found even in experts in a field. On the contrary, one 

often encounters patterns like these: 

Confirmation biae. The tendency to confirm preconceptione 

emeraea strona and clear in work on naive phyeics. One would 

hope that sophistication in math, proaramming, and the eciences 

would brina with it a aeneral caution about preconceptiona. And 

perhaps that happens to a dearee. However, it ie not rare to 

see experta exhibitina problems of confirmation bias not unlike 

those that plaaue novices, but on a more sophisticated plane. 

For an example from the hietory of physics, Wieer and Carey (1983) 

diecuee how acientiete explorina an early model of temperature 

with admirable methodoloaY persiatently overlooked puzzle& the 

data poeed for their theory. For a contemporary example, moat 

individual& with considerable training in phyeics conclude that 

the preseure at the bottom of a •ilk bottle ie conetant reaardleee 

of whether the cream is distributed or hae eeparated out at the 

top. In fact, the preeeure changee, but a robust elementary 

phyeica echema that saye rouahly that pressure dietributee 

itself in all direction• overrides other reasonina (Jack Lochhead, 

personal co .. unication). 

No problem findina. Even elementary mathematica, science, 

and proaraaming provide enough information for etudente to 

enaaae in problem flndina activities, where they formulate or 

participate in formulatina ths problema to be addresaed (re 

mathematics, see Brown & Walter, 1983; Schwartz & Yeruehalmy, 

1987). However, etudents ehow little tendency to enaaae in 

problem finding and, indeed, conventional schooling offtre few 

opportunities for such activity. This ie unfortunate, since evidence 

sugaesta that a disposition toward problem findina relates 

atronaly to creative productivity (Getzele & Caikazent•ihalyi, 

1976; Kanafield & Bueae, 1981). 

Academic applications only. It is very easy for technical 

knowledge to remain encapeulated in academic contexts, rather 

than becoming a window on the world in aeneral. For an extreme 

example, Richard Feynman (1985) writes eloquently of hie experience 

as a visitina professor in a culture with a etrona tradition of 

rote education. Student• would memorize definition& of abstract 

physical concepts and even master textbook problem eolving, but 

have no idea what ordinary evente and objects in the world the 

abstractions described. 

Patterns of Kisunderatandina 

A diecusaion of the frames of knowledge deecrtbed above is a 

useful way to orient oneself to dimenaions of variation in the 

types of misconceptions student& frequently display. Beyond 

this, a closer examination of misconceptions reveals certain 

"patterns" of mieunderatanding that reflect distinctive aaps in 

the four frames. In thie eection, we describe three of the moat 

important to illustrate the aeneral idea: naive, ritual, and 

Gordian patterns of misunderstandinae. 

It is our view that articulatina such patterns eervee two major 

purposes. First, the pattern& act as an explanatory tool, 

enablina one to discues complex misunderetandinae in terms of 

characterietic profile• across the four frames of knowledae. 

Second, there ie a pedaaoaical payoff: The pattern& suaaest 

directions for effective instructional intervention. 

Naive concepti 

One of the •oat typical patterns apparent in many domain& 

miaht best be called a naive pattern of misconception. This 

syndrome characterize& the thinkina of many novice etudents. 

Such students are typically relatively uninformed; the mieconception 

emerges prior to much formal instruction on the topic in question. 



Consider an example mentioned before, for instance: Students 

often take the position that, although a book on a table pushes 

down on the table, the table does not push up on the book. The 

students perceive no room for a reaction force, because, based 

on their experience with the real world, the table is "rigid." 

When the suggestion is raised that the table might be springy 

after all, students commonly think otherwise. If it Is argued 

on logical grounds that the notion of one-sided forces ~akes no 

sense, students may not see the argu~ent or take the view that 

it Is too finicky (cf. Clement, 1987). 

With this exa~ple at hand, how can one characterize the 

naive pattern? With respect to the content frame, students 

simply lack a concept or a priority among concepts that they 

might obtain with further Instruction. Thus, in the example of 

the book and the table, one sees the novice treating "rigidity" 

as a concept with priority over "springiness," (cf. diSessa, 

1983) In contrast, the expert recognizes springiness as a much 

more powerful explanatory tool. 

In part, then, the novice's problem is simply one of editing 

initial conceptions in light of new knowledge as it comes alone. 

However, this in itself does not explain why naive notions often 

are so robust, another characteristic of the naive pattern. Of 

course, cognitive load and related developmental factors are 

likely to be responsible in part (cf. Brainerd, 1983; Case, 

1984, 1985). However, it's also helpful to consider the role of 

the epistemic and inquiry frames in a naive concept. Counter

arguments fall on deaf ears in part because the students have 

not yet recognized that in science the rules of the game de~and 

that things hang together In an extraordinarily coherent fashion. 

Small anomalies simply will not do. 

~oreover, if one can account for a wide range of phenomena 

with springiness, and treat rigidity as a kind of limiting case, 

this parsimony is good scientific coin and the intuitive reality 

of rigidity simply will have to give way. All this is part of 

what might be called the "culture of science," a culture which 

cannot be taken for granted and which students typically have 

had little chance to assimilate. As to the inquiry frame, naive 

students -- like many advanced students and even professional 

scientists -- show little inclination to examine critically 

their notions, but rather take intuitions for granted, exhibiting 

a strong confirmation bias. 

We have not yet mentioned the problem-solving frame. This 

frame is not a central element in the naive pattern, simply 

because the student is not yet at the level of seriously engaging 

in technical textbook problem solving. However, as will be 

emphasized in the next pattern, naive Intuitions can continue to 

affect performance even in students with considerable technical 

problem-solving skills. In sum, a naive concept points to a 

shortfall across all frames of knowledge. Poor performance is 

the consequence of misconceptions in the content frame protected 

from revision by epistemic and inquiry frames that lack "the 

culture of science." 

Ritual concepts 

In contrast to a naive pattern of misunderstanding, what we 

call the "ritual pattern" arises in students who have undergone 

considerable formal instruction and may well have developed a 

high degree of technical problem-solving skill in dealing with 

textbook problems. At first glance the student seems to have 

quite a respectable understanding. Yet, further analysis establishes 

that in fact the student applies knowledge in a somewhat ritualistic 

fashion, and proves unable to deal with novel situations even 

when the knowledge base should be more than adequate to the 

task. 

The ritual knowledce syndrome has three notable features. 

First, the student is typically adept at equation cranking as a 

means of solving technical problems, exhibiting a clear grasp of 

many of the intricacies of the notational systems in question; 

however, the student displays little sensitivity to the "deep 

structure" of problems in the domain (cf. Chi, Glaser, & Rees, 

1982; Chi, Feltovich, & Glaser, 1981; Larkin, ~cDermott, Simon, 

& Simon, 1980; Schoenfeld & Herrmann, 1982). Second, when tasks 
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are posed that do not suit the equation-cranking approach, 

unrevised and incorrect intuitive knowledge commonly overrides 

the student's technical knowledge. For example, many students 

who have received significant physics instruction, even at the 

college level, display misconceptions when qualitative problems 

are posed (Clement, 1982, 1963; McCloskey, 1983). 

For instance, students marking the forces at work as a 

tossed ball rises, peaks, and falls commonly identify a false 

"impetus" force that sustains the upward rise, matches gravity 

at the peak, and disappears or at least becomes less than gravity 

on the fall. This is an interesting misconception in that many 

of the students displaying the misconception have studied Newton's 

laws of motion and ostensibly could apply the laws to reason out 

the problem. Moreover, students could in fact take the given 

problem and cast it algebraically, finding no force at play other 

than gravity in analogy to other problems they have done -- for 

instance, finding how high the ball would rises given a certain 

upward momentum from the toss. Yet, instead, students resort to 

a reliance on naive intuitions and ignore the scientific knowledge 

at their disposal. 

A third feature of the ritual pattern of misunderstanding 

addressee the flip side of the situation described above: Instead 

of unsound intuitions overriding technical knowledge, overgeneralized 

technical knowledge dominates a situation. Consider for example 

the milk bottle example mentioned earlier, in which even professional 

physicists usually argue that the pressure at the bottom of a 

milk bottle is no different with the cream dispersed than with 

the cream separated out at the top. Here, a sophisticated 

schema about pressure proves overgeneralized and prompts an incorrect 

response (Jack Lochhead, personal communication). 

How do the four frames of knowledge inform us in the case 

of the ritual pattern? In the content frame, one finds a much 

more sophisticated verbal knowledge base than in the naive 

pattern. However, the intuitive imagistic level of students' 

content understanding has hardly bean touched. Naive conceptions 

persist underneath and resurface when the student does not 

immediately see a quantitative solution to a problem. Also, students 

may have acquired overgeneralized technical schemas that generate 

errors. In the problem-solving domain, contrary to the naive 

pattern of behavior, students may in fact exhibit quite sophieticated 

performance in technical problem solving. However, knowledge in 

the epistemic and inquiry frames may be hardly more developed 

than before; students do not display much sense of the epistemic 

roots of principles nor take a critical stance toward their 

intuitions. 

Gordian concepts 

Finally, let us examine what we will call a "Gordian pattern" 

of misconceptions, so named for the proverbial Gordian knot. 

The Gordian pattern occurs when experts elaborate a theory with 

serious undetected errors. In this case the four frames seem to 

be quite well developed and there is an expectation that the 

resultant theories are well grounded. Yet, for all that, grossly 

erroneous conclusions are drawn from data. Consider, for example, 

the work of 17th century experimenters in the area of thermal 

phenomena (Yiser & Carey, 1983). This group of scientists had 

developed a theory of thermodynamics based on a mechanical 

model. In their Source-Recipient model there was no differentiation 

between heat and temperature; rather, heat and cold were conceived 

of having intrinsic force or strength, and were seen al two 

separate concepts. This led them to concentrate empirical 

research on seeking out the mechanical effects of heat and cold, 

adopting a causal explanatory stance of thermal phenomena, and 

ignoring the possibility of an intervening variable (temperature) 

to link heat to volume expansion. This led them again and again 

to miss or reinterpret to suit their theory anomalies in their 

data. 

In this Gordian pattern, the four frames play out in an 

interesting way. The content frame was constructed from a aet 

of principles and notational system accepted by the scientific 

community at large. The problem-solving techniques were advanced. 

In general, the epistemic frame was well developed also: The 



scientists certainly took care to justify their claims with 

observational data. However, confirmation bias appeared in the 

inquiry frame, even to the point of misreading the significance 

of data. To be sure, just what one's posture as a scientist 

ought to be toward anomalies In data with reference to current 

theory is a dilemma: Some argue that new theories need to be 

protected for a while from the rigorous test of conformity with 

data so that they have time to grow (e.g. Feyerabend, 1975). 

However, at least It seems desirable to know that the anomalies 

are there, even If one defers considering them. 

Teaching for Understanding 

The foregoing analyses argue that learning with understanding 

calls for attention not just to the content frame but to all 

four frames. Moreover, at different levels of learning the 

technicalities of a domain, different patterns of misunderstanding 

present themselves. In this context, two questions arise: To 

what extent does normal educational practice address the four 

frames and the patterns of misunderstanding? Is it feasible to 

design Instruction developing abilities associated with the four 

frames and addressing the patterns? 

As to the first of these questions, conventional instruction 

does not score very well. In the typical school setting, the 

inquiry frame gets virtually no attention at all. On the contrary, 

paradigms are taught as received knowledge not subject to challenge. 

Moreover, the curriculum is dominated by stereotypical wschool 

problems" school algebra, school physics, school programming, 

and so on -- with students little encouraged to map the content 

into applications beyond school problems. The epistemic frame 

fares only a little better. To be sure, in some kinds of mathematics 

instruction -- Euclidean Geometry for example attention is 

paid to the question of proof. Also, in some science instruction, 

key experiments are celebrated and, when accessible, reproduced 

In the school laboratory. However, all this typically has the 

character of a ritual exercise where rote learning dominates. 

The problem-solving and content frames are the focus of 

most classroom instruction. On the positive side, certainly 

students receive exposure to plenty of content and get extensive 

practice in solving problems. Better students may become quite 

good at solving textbook problems. However, on the negative 

side, conventional education offers little direct instruction in 

heuristics and problem-solving management, adopting an almost pure 

demonstration and practice approach without attention to the 

metacognitive side of problem solving. As to the content frame, 

it Is routinely recognized that most curricula attempt to cover 

far too much content at the cost of depth of understanding. 

In summary, conventional education gives most attention to 

the content frame, next most to the problem-solving frame, next 

the epistemic frame, and finally and hardly at all to the inquiry 

frame. But even the content frame does not fare all that well. 

Moreover, the thrust of our argument has been that teaching for 

understanding requires attention to all the frames; one cannot 

just teach content and expect understanding. 

Then what about the prospects for education that develops 

abilities in the various frames? Is this ivory tower idealism, 

or is there reason to think that such instruction is possible? 

We urge that instruction of this sort not only is possible but 

has been carried out a number of times, albeit most often in 

experimental settings. 

The content frame. Here it is natural to consider in

structional efforts targeted on specific content objectives. 

So, for example, White and Horwitz (1987) have constructed and 

demonstrated the efficacy of a microworld designed to give 

students a better grasp of Newtonian motion. Sidney Strauss and 

his colleagues have used instruction by way of analogies to help 

students to understand the nature of the mathematical mean 

(Strauss, 1986). We and colleagues at The Educational Technology 

Center have constructed a wmetacourse" for elementary programming 

instruction that, interleaved with a teacher's normal instruction, 

provides mental models and strategies that help students to 

grasp how the computer works and have a strong impact on students' 

391 



392 
programming performance (Perkins, Schwartz, & Simmons, in press; 

Perkins, Farady, Simmons, & Villa, 1986). There are many other 

examples of like approaches, of course, including additional research 

undertaken at ETC in the area of mathematics (e.g., Kaput, 1986; 

Kaput, Luke, Poholsky, & Sayer, 1986; Schwartz & Yerushalmy, 

1987) and science, specifically, weight and density (e.g., 

Frenette, 1987; Smith, Snir, Groselight & Frenette, 1986) and 

heat and temperature (e,g., Wiser, 1985), 

The problem-solvin& frame. While the foregoing examples 

involve and inform problem solving, they do not focus on the 

problem-solving process extensively. In contrast, the work of 

Alan Schoenfeld has emphasized the direct teaching of heuristics 

and problem management strategies for mathematical problem 

solving (Schoenfeld, 1980, 1982, 1985; Schoenfeld & Herrmann, 

1982). In experiments with a college-level intenaive couree, 

Schoenfeld has demonstrated striking improvements in students' 

mathematical problem-solving abilities, with transfer to problems 

of unfamiliar types and with changes in students' claesification 

of problems in the direction of expert mathematical problem 

solvers (Schoenfeld, 1982; Schoenfeld & Herrmann, 1982). 

The epistemic frame. While one can approach development of 

students' understanding in various ways, a claesic approach in 

the Piagetian tradition is to involve students in situations 

that create an epistemic tension between their initial conceptions 

and the situations examined, luring them into an inquiry process 

that leads them to restructure their conceptions. To mention an 

example already discussed, students of high school physics 

initially tend to hold that although a book on a table pushes 

down on the table, the table does not puah up on the book --

there is no reaction force, because the table is rigid and 

cannot push back. 

John Clement and his colleagues have explored a Socratic 

classroom procedure in which the teacher moderates a discuesion 

exploring the logic of this poeition: What about a book sitting 

on a spring? What about a bandy table? At the opposite extreme, 

what about a fly standing on a road? Through this activity, 

many students come to see that coherence is better served by the 

position that everything bends a little and there is always a 

reaction force; otherwise arbitrary boundaries must be drawn 

(Clement, 1987). In a related effort, these investigators have 

developed a piece of software that creates a similar epistemic 

tension by constantly asking users to claesify cases that fall 

between cases they have classified as having and not having 

reaction forces; substantial impact on students' beliefs has 

been demonstrated (Jack Lochhead and John Clement, pereonal 

communication). 

The inquiry frame. The "Geometric Supposer" is a piece of 

software developed by Schwartz and Yerushalmy (1987), designed 

to restore an inquiry process to instruction in Euclidean Geometry. 

The Geometric Supposer makes geometric constructions easy by 

providing computer assistance in dropping altitudes and angle 

bisectors, adding parallels, and so on. It also permits automatical

ly "replaying" a construction with different starting points --

a new triangle for instance -- to allow examining multiple casee 

for similarities. In geometry claserooms, the Geometric Suppoesr 

provides a tool with which students explore possible geometric 

relations, devise conjectures, test their conjectures informally 

with the Geometric Suppoeer, and then often attempt formal 

proofs. Students routinely rediscover etandard theorems rather 

than learning them out of the text and, from time to time, 

students have formulated unknown theorems. 

Another important reeaurce for inquiry-oriented inetruction 

in mathematic& is The Art of Probltm Pesina, by Brown and Walter 

(1983). The authore argue that, while finding problems plays 

hardly any role in typical instruction, it is essential to the 

mathematical enterpriee; they offer numerous examples to show 

how problem peeing can be made a part of mathematics instruction. 

For a third example, Lampert (1986) discusses how elementary 

school studente approaching the mysteries of arithmetic can 

engage in aerioue exploration& of the way numbers work. 

The fact that efforts such as these can be cited demonetrates 

that in science, math, and computer education there already 



exists an awareness of the problems of understanding and Instruction 

surveyed vla the four frames. In that context, we suggest that 

the four frames and other efforts In a similarly Integrative 

spirit can Inform the field in at least the following ways; they 

can help to: 

a Identify the range of explanations for misunderstandings and 

the range of potential instructional tactics by mapping more 

clearly different aspects of understanding, as the four 

frames attempt to do. 

Press for the role of general knowledge about problem solving, 

ep!stemics, and inquiry that informs understanding particular 

concepts. 

o Guide in organizing Instructional efforts of greater scope 

than those reviewed, that attempt to choreograph attention to 

different aides of understanding within and across the subject 

matters of science, math, and programming. 

Certainly the three needs outlined are not likely to be met 

by any one scheme. Nonetheless, models in this direction seem 

necessary to revitalize educational practice, especially because 

educational practice, like the fields examined here, also is 

subject to reductive misconceptions. Broadly speaking, education 

tends to be dominated by default assumptions about what knowledge 

and understanding are and how they are acquired. The default 

position for ~any science students is that force varies with 

velocity, not acceleration. Likewise, the default assumption 

for many involved in the educational enterprise -- students, 

teachers, and curriculum writers alike -- is that understanding 

varies with information and practice. 

Of course, sometimes these default assumptions are correct. 

At terminal velocities in a resistive medium, force varies 

entirely with velocity. ~here there are no particular conceptual 

barriers, understanding is pretty much a matter of information 

and practice. Unfortunately, both theories ~iss the essence. 

Consequently, educating for understanding means not only helping 

students to re~ake their concepts of force, fractions, or FOR-NEXT 
loops but helping the educational community at large to remake 

reductive concepts of learning and understanding by means of 

more encompassing, compelling, and accessible theories of in

struction. 

The research reported here was supported by the Office of Educational 

Research and Improve~ent (Contract IOERI 400-83-0041). Opinions 

expressed herein are not necessarily shared by OERI and do not 

represent Office policy. 
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SECONDARY SCHOOL STUDENTS' LEARNING DlffiCUL TIES 

IN STOICHIOMETRY 

I. Introduction 

Hans- j Orgen Schmidt 

University of Dortmund I fRG 

In this lecture I want to deal with the difficulties expe

rienced by secondary school students and undergraduates studying 

chemistry when attempting stoichiometric calculations. A large 

sample of students was asked to work through specific multiple 

choice questions. We were particularly interested to find out 

how the students obtained the answer. 

Our hypothesis is as follows: when students make errors, 

they follow a certain strateg>· to reach a given result. These 

strategies may be investigated by the use of empirically designed 

multiple choice questions, in case students choose particular 

distractors. By studying the answer profile of a given multiple 

choice question, and using notes made by students while they 

were answering the question, it is possible to throw some light 

on these strategies. In order to highlight possible strategies, 

I will illustrate my talk with a number of multiple choice ques

tions and the analysis of the answers given. 

2. The Concept of percentage of mass of an element in a 
compound 

2.1 Meaning of the answer profile of a multiple choice question 

In a small study of 549 secondary school students, every 

third student was asked to tackle question 11.000. 

Question 11.000 

What is the percentage of hydrogen by mass in the com

pound c
2

H
6

? 

20 % (A) I 25 % (B) I :S3 % (C) I 75 % (D) 

The students came from all parts of the federal Republic 

of Germany. Their ages ranged from 16 to 19 years and they 

came from the lith to 13th grade, i. e. from the last three 

years of the Gymnasium. They had either studied a basic course 

of 2 hours per week chemistry or a more advanced course of 

5 hours per week. 

percenloge of ons.wers 

figure I: The answer profile for quest ion 
11.000. The question was given to the 
II th grade (striped column) and in basic 
and advanced courses ot the 12th and 
13th grades (both columns black). The 
figure shows the percentage of students 
choosing particular options and those 
not answering the question. 



Figure shows the answer profile for question 11.000. 

The y-axis shows the percentage of students choosing each option 

as well as the percentage not answering the question. The x

axis shows the pattern of response to each of the options by 

three groups of pupils; the striped column gives the results for 

grade II, the second (black) column refers to grades 12 and 

13 that have followed the basic course and the third column 

(also black) applies to students in grades 12 and 13 that have 

followed the advanced course. 

As may be seen from figure l, more than 60 % of students 

in all three groups obtained the correct answer. The most popu

lar distractor was B. 

Sy studying the notes made by students, it is possible to 

determine how students arrived at the answer in distractor B. 

They do not calculate the percentage of mass MA: 

(I) MA 
6 M(H) 

6 M(H) + 2 M(C) ' IOO % 

m(H) 
• 100 % m(H) + m(c) 

but the simple mass ratio MV: 

(2) MV 6 M(H) • 100 % 
2 M(C) 

m(H) • 100 % 
m(C) 

In the equations (I) and (2) above M(H) is the molar mass of 

hydrogen and I\1(C) is the molar mass of carbon. m(H) is the 

mass of hydrogen and m(C) is the mass of carbon in one mole 

of ethane. The reasoning used by a typical student choosing 

the distractor B is: 

"Divide 24 by 6, this gives 4, 1/4 of 100 % is 25 %." 

It is also possible to deduce from the students' records 

of their attempts that a number of them decided to choose 

distractor D because they did not differentiate between the 

percentage of mass MA and percentage of atoms AA: 

(3) AA n(H) 
n(C) + n(H) 

• 100 % 

m(H) 
m(C) + m(H) • 100 % 

A typical student would argue: "C
2

H
6

, the proportion of mass 

of hydrogen 6/8 = 3/4 = 75 %". I shall return to this particular 

mistake later in my lecture. 

The analysis of test results has enabled us to derive two 

hypotheses. According to the answer profile to question 11.000, 

only one incorrect method of calculation the answer might have 

been suspected. With such a small sample cif pupils this may 

not be too surprising. It should also be remembered that the sam

ple was made up of roughly equal proportions of students from 

grade II as well as those that had followed basic courses or 

advanced courses in chemistry. Those that had followed the 

advanced course do not make as mnny mistakes but are strongly 

represented. This presumably led to the situation where the 

second important distractor did not show up in the answer pr~ 

file. 

2.2 The general nature of the results 

would now like to add an additional dimension to the 

issue. The students who took part in the research did not get 

there by chance and in no sense can they be regarded as a 

representative sample of all pupils in the statistical sense. It 

would therefore be wrong to generalise the results and hypotheses 

that have been obtained. If one wants to discover whether the 

hypotheses are valid for other samples, then the same research 

must be repeated with these other samples. We therefore otr 

tained multiple choice questions, with answer profiles, from 

a number of examinations boards in other countries in order 

to check (I) whether the multiple choice questions contain the 
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type of distractor which we would expect according to our hypo

theses to be chosen by students and (2) whether the students 

actually choose these distractors. 

It is of course possible in a study of this kind to use mul

tiple choice questions that have been previOusly set and to check 

whether the same answer profile is obta1nded as in Germany. 

With question I 1.000 we did precisely this. In the Dutch language 

the text sounds as follows: 

Hoe groot is het massapercentage waterstof in de verbinding 

C2H6? 

20 % (A) I 25 % (B) I 33 % (C) I 75 % (D) 

The Central Instituut vor Toetsontwikkeling 1n Arnhem 

provided us with the results of the above test in the MAVO 

exam in 1981. 1067 candidates took part in this test. The per

centage choosing particular answers was as follows: 

(A) 53 % I (B) 16 % I (C) 12 % I (D) 19 % 

As may be seen from this sample, the most common distractors 

are indeed (B) and (D). Our hypotheses appear to hold for this 

test given in the Netherlands. 

We obtained another test from the Examinations Committee 

of the American Chemical Society: 

Which is the percent by mass of carbon in oxalic acid, 

H2C20 4? 

2.22% (1) I 3.75% (2) I 25.0% (3) I 26.7% (4) I 71.1 % (5) 

The correct answer is (4) and the more important distractors 

are (2) and (3). 

If the students calculate the mass ratio (without taking 

hydrogen into account) then they obtain the value 37.5 % as 

follows: 

(4) MV 2 M(C) 
4 M(O) 

37.5 % 

• 100 % m(Cl • 100% 
(jj(O) 

The questions set by the American Chemical Society does 

actually contain an answer containing these figures but the deci

mal point has been moved one place to the left. It could be 

that the students are convinced that their calculation is correct 

and regard the 3. 75 % as a typographical error and are satis

fied with their answer. 

If the percentage of atoms AA of carbon is calculated, 

instead of the percentage of mass, one gets to distractor (3): 

(5) AA 
n(C) 

• 100 % 2 8 ·100% n(H) + n(C) + n(O) 

25 % 

would now like to consider a third question set abroad 

wh1ch deals with the concept of percentage of mass but set 

in a somewhat different way as follows: 

Which one of the compounds represented by the following 

formulae has the highest proportion of hydrogen by mass in 

mol (I g formula)? 

The following table shows the results for each chemical com

pound depending on the basic concepts being applied: 



percentage 
mass-ratio 

percentage 
of mass of atoms 

H 20 I J % 13 % 67 % 

NH
3 *18 % *21 qt, 75 % 

PH
3 9 % 10 % 75 % 

SiH
4 13% 14 % *80 % 

SnH 4 3 % 3 % *80 % 

A little thought shows that the mass-ratio must be large 

if the percentage of mass is large. In this question the student 

can make a wrong calculation and yet reach the correct result. 

In the table the highest values are indicated by a star. 

If the students calculate the percentage of atoms, then 

they will wonder why two answers are the same and they will 

probably start on a different strategy to solve the problem. 

This question is therefore not a good question and the 

setter should have realised this. When multiple choice tests are 

being developed by Examination boards a number of experts 

are involved. The tests are always pre-tested before they are 

set in a proper examination. Someone working on their own 

in the construction of mulitple choice tests does not have these 

facilities and it is therefore not surprising that tests used by 

Examination Boards are better than those constructed by test

book authors. 

2.3 Possible origins for the misconceptions 

How is it that some students define the concept of percentage 

of mass differently from chemists? Our students have learned 

their chemistry in school and from books. It is not possible for 

us to control what happens in lessons but we can look at text

books that are used by most students. 

We have looked carefully at five of the most popular che
mistry books that are used in the Federal Republic of Germany 

to ascertain how the concept of percentage of mass is handled. 

Frequently instead of percentage of mass the expression mass 

percentage, weight percentage, percent combination, percentage 

number or simply percentage are used. It is of course possible 

to deduce the meaning of percentage of mass from worked exam

ples given in the chemistry textbooks but the concept is not 

defined as clearly as it should be. The casual reader may not 

even notice that it is necessary to distinguish between mass

ratio and percentage of mass. Pupils that have not understood 

the concept of percentage of mass, seem to make up their own 

definitions which are often wrong. 

It could be that the teachers regard the simple concept 

of percentage of mass as so trivial that they do not bother 

to explain this clearly to the students. Only those students who 

think clearly about this work are likely to realise that there 

is a difference and they will have been successful with our ques

tion I 1.000. 

3. Relationship between mass and number of particles 

3.1 Students' understanding of chemical symbols 

would now likr to show you two further questions (number 

16.341 and 91.000) which we have used in a larger study. The 

sample consisted of 6,262 students from grades 12 to 13 and 

in the case of question 91.000, we had an additional 650 first-

year under-graduates from six different universities within the 

Federal Republic. Every eighth pupil and every third university 

student was given one of the following questions i. e. the results 

are based on a sample of 800 school pupils and 200 university 

students. 

Let us first of all look at question 16.341 and the answer 

profile (Figure 2): 
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Question 16.341 

The formula for sulphur dioxide is 502 • How many grammes 

of sulphur are contained in 6 grammes of sulphur dioxide? 

4 g (A) I 3 g (B) I 2. 5 g (C) I 2 g (D) 

80 
perc.enloge o I on!twers 

40 

30 

20 

10 

A no answer 

Figure 2: Answer profile for question 16.341. 
This ,question was given to students in grade 
10 (striped column) and also to pupils in 
grade II (black column) and also to pupils 
in grades 12 and 13 who had followed the 
basic and more advanced chemistry courses 
(two black columns). 

The most important distractor is D, and A must also be 

taken Into account. An analysis of the pupil records shows what 

thoughts led to their obtaining these results: 

"S02 contains 3 atoms, one of which is sulphur. So sulphur 

must be 113 of the weight: 2 g." 

Here It Is assumed - deliberately or not - that the ratio of 

masses Is directly proportional to the ration of atoms: 

(6) n(S) n(O) m(S) m(O) 

This mistake has already occurred in the percentage of mass 

question (see (3) ). It leads in question 16.341 to distractor D. 

Other pupil records point to the fact, that the ra tio of 

molar masses is often equated with the ratio of masses: 

n 32116 "' 2, ratio S : 0 ,. 2 : I, 613 = 2.2 4 (Sl, 

613 = 2.1 " 2 (0)". 

In this case the pupil has divided the 6 g of sulphur dioxide 

into three parts and allocated 2/3 to sulphur and 113 to oxygen. 

This is based on the wrong assumption: 

(7) M(S): M{O) m(S): m{O) 

This explains why dtstractor A was chosen. 

In question 91.000 the chemical formula is not given bu t 

has to be deduced. 

Question 91.000 

2 g of a compound contains I g copper, the rest is su lphur. 

Which of the following formulae satisfies this condition? 

CuS (A) I CuS2 (B) I Cu 2 S (C) I Cu:zS2 (D) 

Here also two distractors are in particular evidence (figure 3): 



percentage of answers 
BO 

Figure 3: Answer profile for question 
91.000. The striped column refers to pupils 
from grade 10, the first black column 
to students from grade II, the next two 
black columns refer to pupils in gr<.~des 
12 and 13 having followed the basic and 
more advanced chemistry courses respec
tively and the final column refers to 
students following the chemistry diploma 
and chemical technology courses at uni
versity. 

The same mistake is made here as in the 502 question 

16.341. Pupils do not distinguish between the ratio of atoms 

and the ratio of masses: 

(8) m(Cu) m(S) n(Cu) : n(S) 

Here is an example of a commentary provided by one chemistry 

student in the first semester: 

"As the proportion of Cu to S is I : I, this must :;how 

Itself in the chemical formula ••• hence solution A." 

Again it is evident that the ratio of molar masses is re
garded as the same as the ratio of number of atoms: 

(9) M(Cu) : M(S) n(Cu) n(S) 

Here is a typical student commentary: 

"Cu has 64 g, S has 32 g, so the proportion is 2 

Cu 2 S." 

3.2 The generalisability of the results 

I, so 

It seems likely that hypotheses (6) to (9) are generally 

applicable as we have used them to explain how particular dis

tractors were chosen by students both in Germany and in other 

countries. For example: 

The formula of an oxide of sulphur is 502 • What mass of 

oxygen combines with 16 grams of sulphur in this oxide? 

(Relative atomic m<:~ss: 0 16, S 32) 

2 g (A) I 4 g (B) I 8 g (C) I 16 g (D) I 3 2 g (E) 

This question was first set in England and is our question 

number 16.341. It was sent to us by the Oxford and Cambridge 

Schools Examination Board. The question was set in an Ordinary 

level examination in 1983 and was attempted by 4,641 pupils. 

The percentage of pupils choosing each option was as follows: 

(A) I % I (B) 4 % I C 15 % I (D) 66 % I (E) 13 % 

The most important distractors are C and E. These are 

selected either if the candidate compares molar masses: 

( 10) M(S): M(O) 32 : 16 16 : 8 

or compares the number of atoms: 

(II) n(S) : n(O) I : 16 32 
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Question 91.000 is very similar to one set by the Scottish 

Examination Board: 

An analysis of a sulphide of copper gives the following re

sults: 

mass of copper = 1.0 g (relative atomic mass 64) 

mass of sulphur = 1.0 g (relative atomic mass 32) 

Which formula correctly represents this sulphide? 

The above question was set in the Ordinary grade exami

nation in 1983 and the percentage of pupils choosing each option 

was as follows: 

(A) 15 % I (B) 57 % I (C) 27 % I (D) I % 

the most important distractors were A and C. These are obtained 

by using the ratio of masses 

( 12) m(Cu) : m(S) I : I 

or by considering the ratio of molar masses 

( 13) M(Cu) : M(S) 63 : 32 2 : I 

The following question was also obtained from the Scottich 

Examination Board: 

An analysis of an oxide of tellurium (Te) gave the following 

result: 

mass of tellurium 

mass of oxygen 

8 g 

I g 

Which of the following formulae correctly represents this 

oxide? (Take the relative atomic mass of tellurium as 128, 

oxygen as 16) 

TeO (A) I Te0
2 

(B) I Teo
3 

(C) I TeO 
4 

(D) 

This question was set in the Ordinary grade examination 

in 1979 and the percent age of candidates choosing each option 

was as follows: 

(A) 76 % I (B) 7 % I (C) 6 % I (D) II % 

If the strategy of proportion of number of atoms or the propor

tion of molar masses is used, the formula Te8o is obtained. 

This solution is not contained in the question and in any case 

it would be a somewhat strange formula. 

It should be noted that the students had greater success 

with the Tellurium oxide question than with the Copper oxide 

question. Although the above two questions were set four years 

apart, the Scottisch Examination Board monitors the performance 

of pupils and it is possible to say that there was no change 

in standards in this relatively short time interval. It is also 

possible to say that the candidates came from the same catch

ment areas and that chance determined which particular set 

of questions they were given in the examination. 

As part of this study we gave pairs of questions to the 

same student sample. With one pair it is possible to obtain the 

same answer if the mass ratio is assumed to be equivalent to 

the ratio of atoms, but by using another pair, this is not the 

case. The questions are more difficult if the above mistake 

is recognised by the candidate. This particular aspect of the 

research is being reported in the journal of Research in Science 

Teaching and I will not elaborate it here. 

The above finding is very interesting. One sees, for instance, 

that two questions that look completely alike nevertheless are 

different, on the other hand the result leads one to be able 

to say something about the stability of misconceptions. 

First assumption: The pupils keep to the same strategy 

(wrong or right) in tackling both questions. In the case of the 

copper sulphide question, their answer is one of the distractors 

whereas in the tellurium oxide question, there is no appropriate 

answer and they are unclear what to do. They do not attempt 

the question again. In this case both questions should be equally 



difficult. 

Second assumption: Pupils who obtained one of the pre

ferred distractor answers in the copper sulphide question, find 

no appropriate answer in the case of the tellurium oxide ques

tion. They realise that they have used a wrong strategy and 

try another one. The tellurium oxide question must therefore 

appear to be easier and this is shown to be so in the analysis. 

3.3 Implications of the findings 

1 will now attempt to interpret the three types of mistakes 

identified in (6) to (9). Students who obtain the correct answer 

to questions 16.341 and 91.000 must relate three variables cor

rectly: the mass (m), the molar mass (M) and the number of 

moles (n). Many pupils simplify their calculations by only con

sidering two variables and forgetting about the third. This is 

in line with the findings of Piaget, who states that the ability 

to deal with three variables is a sign of formal operational thin

king. Questions I 6.341 and 91.000 should therefore divide the 

sample into formal operational and non-formal operational thin

kers. However if question 16.341 is used then it would appear 

~here are more formal operational thinkers than if question 91.000 

is considered. It would seem that the criteria "able to use three 

variables" is not sufficient to explain our empirical findings. 

The main mistake pupils make is to put the mass relation 

of the elements A and B of a chemical compound on a level 

with the atom ratio according to 

(14) m(A): m(B) n(A) : n(B) 

Do they really assume, without reference to the particle con

cept, that chemical formulae reflect the mass ratio of individual 

elements? In doing so the calculations would be considerably 

simplified, but one could only handle chemical formulae and 

equations on the macroscopic scale. Predictions on the basis 

of the number of atoms (in the sense of Dalton) would not be 

possible. 

This interpretation is in line with that of the Piagetian 

school, which states that formal operational thinkers satisfy 

the criterion that they are able to think with abstract models. 

Students who used the strategies (7) and (9) make the additional 

mistake of using the concept of molar mass, which is super

fluous if atoms are not considered in the definition of chemical 

formulae. The molar mass is the mass which these students 

assume determines chemical reactions. 

Because respones to questions 16.341 and 91.000 divide 

the sample into two different groups of formal operational thin

kers, this theory does not explain the findings sufficiently. This 

has already been mentioned. 

Let us now consider the misconceptions of pupils quite 

formally. If students use (14) they assume - consciously or uncon

sciously -, that the molar masses M(A) and M(B) are equal: 

(15) m(A) 
n(A) 

m(B) 
""ii(B) ==9 M(A) M(B) 

They also used (7) and (9), which can be written in general form 

as 

(16) M(A) M(B) m(A) m(B) 

and 

(17) M(A): M(B) n(A) : n(B) 

If ( 16) and (17) are combined we get to relationship (I 4) that 

is the pupils arrive at the statement M(A) = M(B). By trans

forming ( 16) we can recognise in what sense the two cases are 

different. In addition to ( 15) the following relationship must 

hold: 

(18) m(A) 
M(A) 

m(B) ~ n(A) 
M(B) 

n(B) 
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In this way we are able to place the misconceptions in a hiera

chical order. 

4. Conclusion 

Our research has shown that many pupils, who do not get 

the correct result, have nevertheless had useful thoughts about 

chemical combinations, even if these do not coincide with the 

basic principles used by chemists. Many errors occur because 

the wrong strategy is used. It might even be postulated that 

some pupils have obtained the correct result because they have 

thought less about the chemistry and only applied learnt algo

rithms. Many errors made by pupils might even be regarded 

as 'honest' and pupils should not be ashamed of them. 
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COGNITIVE CONSTRAINTS AND SPONTANEOUS 

INTERPRETATIONS IN PHYSICS 

Jos~ M. Sebastia 

Universidad Sim6n Bolivar. Caracas, Venezuela 

Physics is legendary considered a subject incomprehensible 

to the student (Halloun & He.s.tenes, 1985) •. What the teacher may 

hope to achieve from the student is a set of memorized formulas, 

but only in rare occasions does the student obtain an acceptable 

understanding on phenomena such as the falling of a stone, the 

movement of the moon, or the transmission of the heat. 

The difficulties for the conceptual understanding in phy

sics has been attributed to the locking, by the student, of on 

appropriate level of cognitive development to cope with certain 

abstract concepts, or simply, without basis for it, to the lack 

of studying. In the last decode, however, the importance of the 

student's intuitive or spontaneous ideas has been mode evident;, 

this he acquires by himself and not as a result of his studies 

and interact with the ideas the teacher transmits, making his 

learning moredifficult. These set of ideas, that allows the 

student comprehend many situations of everyday life, consti

tute, at times, a frame of knowledge clearly indentified which 

strongly resists being altered (Viennot, 1979, Saltiel & Mol

grange 1Y80, Clough & Driver, 1986). 

We hove considered more suitable to use the term "spon

taneous interpret~tions• to refer to the explanation~ given 

by the student to situations presented in physics, instead of 

ether more frequ~nt denominations such ~s "misconceptions" or 

"alternative frameworks", since, on one hond, these do not 

constitute isolated misconceptions, but on the contrary, they 

ore related to each other and ore deter<mined by on inseparable 

theoretical elaboration (Helm, 1983, Murphy & Medin 1985); and 

on the other hand, these interpretations can only be considered 

simply as alternatives when compared to the accepted science. 

Nevertheless, its value, from the cognitive view, resides in it

self, in constituting bodies of information, not taught, and which 

ore used spontaneously by the student to give meaning to his en-

virement. 

If learning science is mediotized by ideas possesed by the 

student before receiving formal teaching, it should therefore be 

of greet value to consider these ideas in the elaboration of suit

able teaching strategies. However, even though a great number of 

descriptive investigations hove been occom~lished to analyse these 

spontaneous ideas, the results in applying the suggestions and im

plications in t~oching hove been of little success or of complete 

failure (Smith & Lett, 1983). 

Since the modification of the:;e spontaneous ideas depend 

on how they ore analysed (Viennot, 1985), it is probable that the 
I 

approaches and analysis that hove been made up to the present time, 

on its origin, development and changes, hove not been accurate 

enough, and it may well be necessary, therefore, to continue seek

ing other approaches to give the problem a new outlook. 

The work is inscribed within the search of new theoretical 

approaches in order to analyse the results of the invdstigations 

mode on spontaneous interpretations in physics. In this work we 

propose the "cognitive constraints• perspective like a valid --

olternotiYe for that analysis. According to this perspective, the 

cognitive development would be partially guided by a set of cons

traints, highly stable, that would either facilitate or hinder 

the learning of certain structures of knowled8e. The characteris

tics of this perspective are also described, analysing the simila

rities and differences between these cognitive constraints and 

tre ideas of Pine$ 1.. West ( 19861 about scientific education, and 

the ideas on "con~eptuol change" of Posner, Strike, Hewson, 

Gertzoq(l982). Sam~ examples of cognitive constraints in physical 
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interpretations ore hereby outlined, even though its value is 

still recognized as being of a heuristic nature, and that 

there moy be still a long way to go before 0btoininR the de

tailed type of constraints th'at ore hindering the learning of 

physics, 

2.- Choracteri~tics of spontaneous interpretations in physics, 

A great number of facts have been gathered in order to 

identify the spontaneous thought of the students in physics, 

in different areas and using different methological approaches. 

The results clearly evidence that the students coincide in -

very high proportions in the interpretation of specific situa

tions. This coincidence in a general pattern of interpreta

tion, which wi~h small variations is shared by almost all stu

dents, has been accepted by most investigators (Saltiel & Mol

grange, 1980. Erickson, 1980, Me Closkey, 1983, Whitaker, 

1983, Me Dermott, 1984); even though such general pattern of 

interpretation could depend on the situation established -

(Clough & Driver 1986) •• 

The longitudinal studies carried out with students of 

different educational levels, and consequently of different 

ages, have revealed the tenacity of those spontaneous inter 

pretation,that ore not altered by systematic courses in phy

sics, or by the maturity of the person, outliving the formal 

teaching which contradicts them. (Viennot, 1979, Gilbert, 

Watts, & Osborne, 1982, Gowin 1983, Sebastia, 1984), 

Some investigators have suggested certain parallelism 

between spontaneous interpretations and theories historically 

overcome, such as Aristotelian and medieval theories, conceiv

ing the same phenomena (Clement, 1982, Whitaker, 1983), how

ever, even though there is no doubt that certain parallelism 

exist between both interpretations , a strict correspondence 

has been discarded (Me Clelland 1984 

Lythcott, 1985) • 

Satiel & Viennot, 1985, 

In short, two of the most outstanding characteristics 

presented in the student's spontaneous interpretations are: 

(a) there is a common pattern of spont0neous interpretations 

widely spread and (b) the patterns of spontaneous interpreta

tions are strongly resistant. to change. Conse.::ucntly, all 

intentions to theorize on spontaneous interpretations and its 

possibilities of change require responding to two key interro

gations (a) why do these spontaneous interpretations on any 

specific event made by individuals of different ages and diffe

rent cultures resemble each other ? and (b) why ore they so 

strongly resistant to be modified? The answers to these ques

tions up to the present time have not been, to our judgement, 

sufficiently satisfactory. 

3.- Spontaneous Interpretations and Cognitive Constraints. 

The similarities in the interpretations made by students 

of different cultural contexts and educatinnal levels could be 

attributed to the fact that such interpretations are made by 

following directly the facts, without theory IMc Closkey, 1983), 

or that its origin is based on non-critical generalizations d~ 

rived from qualitative observations (Gil & Carrascosa, 1985). 

However, this would not explain the coincidence that emerge 

in comparing interpretations in areas where the student has 

little or no previous experience (electromagnetism, circuits, 

etc.). It is more likely, as Strike points out (1983), that 

misconceptions lead to misperceptions and not the other way 

round. Though all knowledge has its origin on reality, it is 

the reality, mediatized by a set of factors which lead to in

terpretations. 

The reason why spontaneous interpretations have been so 

persistent has been, at times, attributed to its self-consis

tency (Viennot, 1979) to the fact that students feel comfor

table with them (Gowin, 1983), or simply because resistance 

to new ideas is characteristic in human beings (Leboutet & 
Barrell, 1976). 

The restricted number of interpretations that students 

make on physical situation, as well as its invariability and 



tenacity, con only be understood, in our opinion, within a thea 

ry of the cognitive development, the main focus of which lies 

upon the formal properties of the structures ond in the pro

cPsses o~ knowledpe that remo~n invariable in time. According 

to this perspective, the cognitive development would be port

ly guided by a complex set of con~troints that would limit the 

type of knowledge th~t could be acceptable in a specific do

main (CHomsky, 1980, KF!il, 1981, Shepard, 1984). 

This perspective on cognitive constraints allows a better 

understanding that certain ideas ore more easily assimilable, 

which could even be generated spontaneously, while there ore 

some cognitive obstacles that appear in the assimilation of 

other ideas that con only be obtained through specific train

ing. Some knowledge, such as deductive reasoning or language 

syntax, among others, are universally developed without the 

need of educational efforts. However, knowledge such as new· 

tonion mechanics, need to overcome enormous obstacles (in the 

sense given by Bochelard, 1942) in order to be accepted by on 

individual. 

In this way, even though the multiple observations that 

the individual registers from the enviroment could generate 

multiple hypothesis, there seems to bP. certain constraints that 

guide ~he process of knowledge, as well as the type of accept

able structures of knowledge, which would explain that certain 

ideas Qre easily occeptobl~ while o~h~rs ore tenaciously re-

jected. 

On the other side, the fact that cognitive constroimts 

remain practically unaltered through the development of the 

individual, explains the existence of a noticeable continuity 

between the interpretation derived from reality performed by 

individuals of different ages and different intelectuol levels. 

Like Moreno (1986) points out, we hove no other remedy but to 

admit the similarity in the intelectuol functioning between 

the child and the adult: that means that we have tn presurne 

the existence of some unchanying functlnnlng factors 

that have to be demarcated from the differences existing be-
tween both thoughts. It seems evident that children and adults 

ore governed by the some system of cognitive restrictions (Keil, 

1981, Corey, 1986). 

4. Vines, Ecologies and Cognitive Constraints 

Pines & West (1986), following Vygotsky (1962), use the 

vine metaphor to describe the interaction between the sponta

neous knowledge, derived from the individual's own efforts to 

give sense to what surrounds us, and the formal knowledge, 

imposed by school. According to this metaphor, the spontaneous 

knowledge is represented like a vine that grows upwards and the 

formal knowledge is seen like a vine that grows downwards. 

Metaphorically speaking, the learning of science is contemplo-. 

ted as the intertwine of the two vines, which represents the 

integration of knowledge originated by both sources. 

There ore occasions when both vines, the one that repre

sents the spontaneous knowledge and the one that represents 

formal knowledge, clash and do not intertwine. In this case 

it occurs what Pines & West call "conflict situation~, being 

physics its prototype (newtonian mechanics, for example). In 

the case when the vines never intertwine, the knowledge re

main separated in different comportments and a true and sig

nificant learning is not produced. In other occasions, both 

vines intertwine withoJt difficulties, in which case the ~con 

gruent si tuotion • occurs, being Biology its prototype. The 

formal knowledge serves to reinforce student's spontaneous 

ideas, intergroting and extending them to new cases. 

It is perfectly congruent, in our opinion, Pines & West's 

vision on the interaction of spontaneous thoughts and formal 

thoughts with the perspective of cognitive constraints. There 

ore certain guides that conolyze the process of interpreting 

reality in a natural way (the relation cause-effect, is one of 

the most commonly mentioned), when the structure of knowledge 

which will be transmitted, follows a similar pattern this is 

easily accepted by the individual and both knowledges ore in-
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tegrated. If, on the contrary, the formal interpretation 

follows another type of explanatory pattern, the structure 

mentioned before is rejected or, at least, it will find many 

obstacles before it can be accepted. 

Posner, Strike, Hewson & Gertzog (1982) gave o new out

look to the possibilities of change and evolution of the know

ledge possesed by the individual. They contemplate• the act 

of learning as a process of conceptual change mediotized by a 

set of existing concepts in ~he mind of the individual and -

tho~ following Toulmin (1972) denomination, they called "con

ceptual ecology". This set of concepts affects what the stu

dent finds pausible, comprehensible or reasonable, permitting 

the assimilation of new ideas. The "conceptual ecology" plays 

an important part in the selection or rejection of new ideas 

as well as in its comprehension (Strike, 1983). Among the 

characteristics of the conceptual ecology may be found analo

gies and metaphors, epistemological commitments (explanatory 

ideals, points of views about knowledge), metaphysical beliefs 

and other knowledges. 

The perspective of cognitive constraints presentscertain 

similarities in some aspects with the perspective of the "con

ceptual ecology". They both consider that learning does not 

consist only in acquiring direct knowl~dge from experience or -

indirectly from words, but that learning is always faun~ ma

niatized by a set of ideas already existing in the mind of 

the student. The nature of that epistemic frame determines 

what is learnt and how it is learnt. However, we must point 

out some important differences: (a) the "conceptual ecology" 

is constituted by a set of concepts with certain characteris

tics (analogies, metaphors, etc); the cognitive constraints 

is constituted rather by a set of inferential rules on which 

permit organize the experience under o determined pattern. 

(b) "the conceptual ecology" has a series of very wine chorac

teristics, that go from metaphors to knowledge in other fields; 

the cognitive constraints which we propose, cannot be so gene

ral, but, inspite of still being so weakly charcterized,it 

would correspond to certain types of explanatory models and 

rules of reasoning. (c ) An important aspect of the "conceptual 

ecology• is its modification which permits the accomodation of 

new knowledge. On the contrary, the cognitive constraints 

are characterized by its st~bility, and ore never totally aban

doned, permitting very rarely conceptual change, in the sense 

of radical change in the way of interpreting reality. (d) fi

nally, for Posner. et al (1982) "to understand learning re

quires understanding how the conceptions chang~ and for us, 

understanding learning requires the mechanism of the stable 

intelectual elaboration in the individual. There are no jumps 

in knowledge from cera to mastery, there are no conceptual 

revolutions, there are no changes of paradigm. 

5.- Identifying some cognitive constraints in the spontaneous 

interpretations in physics. 

Keil (1981) distinguishes two types of cognitive cons

traints: general constraint~ a;,d domain-specific constraints. 

Even though the attention is focused mainly on the first class! 

flection, "all available evidence points towards existence df 

rich sets of constrai~ts at sevAral levels of analysis.• 

(Keil 1981, p. 225). 

One of the most notorious constraints in the investiga

tions about the spontaneous thought made in physics is the -

attribution to cause-effect towards the relation between con-

cepts in mechanics: force-movement or in electricity; voltage

current (Viennot, 197), Cohen, Eylon & Ganiel, 1983, Me Dermott, 

19841. In these investigations the elaboration of the students 

possess the characteristics that Bunge (1979) has pointed out 

as typical of causal constraint· (a) conditionality, (b) asymmo 

try, (cl constancy and (d) productivity. For the student force 

produces movement. It is not a functional relation betweer 

both concepts, it overflows the frame of the semeiti~izotion to be 

able to attribute to the force the generation of movement 

(Sebastia, 1985). 

The existence of this type of cognitive constraints which 

we could call "causal constraint" would lead to many of the 



spontaneous interpretations observed,and the physical explana

tions that normally follow a different explanatory scheme b~ 

rejected, on example of this could be the so called the "co

vering low model", frequently used in physics. 

Another type of general pattern of interpretations de-

tected is the one we could nome "superposition constraint", 

according to which the student assumes a gencrcl low of su

perposition that facilitates the acceptation of some physical 

lows (Coulomb's law for calculating electrical fields of va

rious charges, for example) but on the other hand, impedes 

the comprehension of others. Strauss & Stavy (1980) one-

lysing the concepts of heat and temperature, have found -

that students in a situation of mixing water at l02C predict

ed water at 202C, using a low of superposition inexistent for 

Intensive magnitudes. All physics tecchers are also aware of 

the systematic mistakes mode by students when applying the 

gauss, low to calculate tho electrical field between two pro

ximate metalic plates. The student conmonly calculates,, when 

applying the gauss law, first the field corresponding the 

charges of one plate and later the field corresponding to the 

other plate and udds them together, ignorlng that the elec

trical field is determined by the enclosed charges in the 

gauss law and that a biunivocol relation cannot be established 

between the field and the charge, such as it exists in the 

Coulomb low. This systematic error could be explained also 

by "the superposition constraint" that makes the comprehension 

of the gauss law more difficult. 

The above examples serve only to point out a line of in-

quiry that could lead to relnterprete many of the results of 

the investigations. Even though the type of constraints that 

restrict the number of hypothesis, has been studied with cer

tain core in the learning of the language (Chomsky, 1980), in 

other fields, such as in the learning of physics, there is 

still a lot to be added to be able to establish a typology of 

constraints and thus determine the most appropriate way of tea

ching the specific topic that one wishes to transmit. 

6.- Cognitive Constraints: New Obstacles in the Process of 
Learning Physics. 

The constraints only represent, in any case, another of 

the multiple factors that in~erfore in tho complex process of 

learning the scientific contents. The cognitive constraints, 

such as we understand it, fulfil an ambivalent function in 

the process of learning. On one side they facilitate the ac

quisition of certain types of knowledge, that could even be 

generated spontaneously, and that requires only a process of 

greater differentiation, but, on the other hand, they impede 

certain types of knowledge (quantity m~chonics, for exampl~) 

t.he structure of which may not correspond to the existent cons 

tro!nts in the mind of the student. This is the type of obs

tacle "a priori", derived fro111 the individual and not from 

the object previously pointed out by Bochelord (1942). 

In those cases of conflict the situation is complica

ted, but it is possible that the structure taught is accepted 

in its predictive function (making use of mathematical olgo

rism) but rejected in its explicative function. As Sc~iven 

(1970) has pointed out, the comprehension of a phenomenon re

quires at times, on explanatory structure different to the 

nomonologicol-deductive, if one wonts it to be satisfactory. 

The visio~ of the logical simmetry of the positivism about 

the explanation-prediction of a phenomenon should, from this 

point of view, be released, or at least, the meaning of what 

we understand to be comprehension should be analysed. 

When a physicist handles the concept of moss, for exam 

ple, with different meanings depending on the physical situa

tion to be analysed, classic or relativist, this means thot 

it is possible to attend to different lev~ls of understanding, 

comprehension and of utilization of the concept without enter

ing in contradictions and without the need of conceptual revo

lution to pass from one situation to another. A concept, in 

this sense, could be understood if it con be related with 

others, according to certain rules and accepted conventions, 
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that means that the professional physicist con pass from the clas

sic frame to the relativist without any trauma. The term "lan

guage game• of Wittgenstein (1966) is very appropriate to refer 

to the previous case, the test'of comprehension required is that 

the individual practices the game correctly. 

The educational efforts in the last decades, influenced by 

the logical positivism, oriented to emphasize the function of the 

observations in the elaboration of theories, doe~ not ~eem to be 

well Ruided. Perhaps it might be convenient to propitinte the 

high grade of convent!or.olism of the theories and the different 

meanings of a symbol within eoch theory. It is po~slble to speak 

adequately of the reality with different theories, os it Is also 

possible to speak of reality with the same property making use 

of different languages. If the level of comprehension to which 

it is hoped to be achieved is to arrive at universal premises 

from which any particular case can be deduced, it is improbable 

that this type of explanation be satisfactory for the individual. 

It could be more useful to distinguish t~o levels of comprehen

!.ion: An explanatory-descriptive level conditioned partly by 

the cognitive constraints, and a normative-predictive level pro

pitiated by the formal science, superposed in the individual, 

but without destructive interference, being utilized each on 

in its area, as the utilization of different languages. Possi

bly, the study of phys!cs and the study of languages are not so 

far apart as it has been supposed up to the moment. 
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CHILDREN'S ALTERNATIVE CONCEPTIONS ABOUT "MOLD" AND 

"COPPER OXIDE" 

Manuel Sequeira and Mnrio ¥reitas 

Ciencias dn Educa~oo, Univcrsidade do Minho 

Run Abade da Loureira, 4700 Braga, Portugal 

INTRODUCTION 

For the last 10 or 12 years, several research 

studies in science education have been done on 

pupils' conceptions about natural and technical 

phenomena prior to, during, and after formal 

science teaching <Novick & Nussbaum, 1981; Posner, 

et al., 1982 a.; Driver, et al., 1985; Osborne, et 

al., 1985; Cachapuz et al., 1986; Duarte, 1987; 

Faria, 198?; Freitas, 1987 a.). 

Most of these studies are based in 

constructivist perspectives of behaviour, 

understanding and learning. These perspectives 

strongly refuse the empiricist paradigm of looking 

at the mind like a "tabula rasa" as well as the 

associationist paradigm of conceiving the behaviour 

like a set of answers to certain stimuli. As in 

other areas of research and action, like counseling 

or therapy, 

emphasize 

struggling 

their lives. 

constructivist perspectives in learning 

the mental activity of all people 

to make sense of both their world and 

Although we can consider not one but various 

psychological constructivist approaches we must 

stress three decisive theoretical contribuitions to 

the strong and yet growing constructivist movement 

about the learning process, as follows: 

a) Kelly's theory of personal construct, which 

after a period of little recognition (namely 

in USA> begins attracting not only therapists 

but also educational reseachers. Kelly points 

out that to talk about "roan-the-scientist" is 

to talk about a quality or a capacity of man 

and not about a class or a kind of man because 

all people are engaged in formulating personal 

constructs by which they look at, interpret 

and act upon the world in which they live in. 

b) Piagetian theory, if we refuse to restrict its 

focus on a rigid scale of stages of cognitive 

development and we stress the constructivist 

thrust of Piaget' s genetic epistemology and 

his pioneer contribution to describing 

children's thinking and conceptions <Pope & 

Gilbert, 1983); 

c) Ausubel' s theory of meaningful learning which 

emphasizes the great importance of prior 

knowledge in the learning process and the 

learner's active commitment in relating new 

information to what he already knows. 

Being influenced by these theories, 

particulary by kellyan's paradigms, the alternative 

conceptions research area, after a promising 

begining, is perhaps living a complex moment. Some 

researchers continue searching for alternative 

conceptions about this or that topic, others are 

more concerned with the process of interaction 

between prior private knowledge and curricular 

knowledge while others try to produce tools for 

promoting conceptual understanding and conceptual 

change. There are people more interested in doing 

more theoretical approaches <epistemologycal, 

psychological, philosophical) and there are others 

more concerned with practical aspects <curricula, 

didactics). 

Although 

• the danger 

some researchers explicitly refer to 

of the whole alternative frameworks 

research program 

mindless search 

frequency, etc." 

be l i eve i n t be 

degenerating into a kind of 

for 

<Pines & 

powerful 

misconceptions, their 

W'est, 1986, p.598>, we 

contribution of the 
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different kinds of research in this area to the 

evolution of science education. 

Based on a review of relevant research on 

children's alternative conceptions we investigate 

the following questions: a) how are children able 

to distinguish between "mold" of bread and copper 

oxide; b) how do they explain the appearance of the 

mold and the oxide; c) how do children classify the 

mold and the oxide in terms of living/non-living. 

METHODOLOGY 

The sample of 116 children was randomly drawn 

by grade from three schools in Braga: one primary 

school <3rd grade), one preparatory school <5th and 

6th grades) and one secondary school <7th grade). 

The sample was constituted as follows: 30 children 

from the 3rd grade <15 boys and 15 girls) with an 

average age of 7. 9 years; 27 5th graders <12 boys 

and 15 girls) with an average age of 10.6 years, 30 

6th graders <half males, half females) with an 

average age of 11.7 years; 29 pupils from the 7th 

grade <14 boys and 15 girls) with an average age of 

12.6 years. Every pupil was in his/her grade for 

the first time. 

All the pupils were presented with questions 

about the "mold" and the "copper oxide" <see annexe 

1) which were the first part of an individual 

interview about living organisms, life, death and 

decomposition, carried out by one of the authors in 

winter 1985 <Freitas, 1987). Each child took three 

to five minutes to answer the questions under 

individual interview conditions. 

Based on both the individual answers given by 

the children to each question or set of questions 

and the curricular perspective contained in the 

syllabuses and textbooks we constructed categories 

each of them including a certain kind of answers. 

In doing so, we also tried to make it explicit the 

distinction between conceptions based on curricular 

science and alternative ideas 

RESULTS 

Table l shows the words used by the children 

of each grade in identifying the mold of bread. 

None of the children used either the scientific 

general word u fungusu or the scientific 

ward "rizophus migricans" However, most 

specific 

of the 

children <80.5%) used the word "mold" which is a of 

both everyday language and curricular science. Such 

percentage is not equaly distributed by the four 

grades. In fact, only 53.5% of the .3rd graders use 

the word "mold" while the remaining 46.5% either 

don't know how to designate it (26. 6%) or employ 

other words like "dustn, udirt", "rust" <20. 0%). 

The percentage of children using the word "mold" 

increases from the 3rd to the 6th grade going a 

little down in the 7th grade. 

In what concerns the identification of the 

the copper oxide, table 2 shows that none of 

children use the scientific word. The most frequent 

words are "rust" <40.5%) and "mold" (31.9%). Other 

words like ''dust'', "mold with dirt" and "green 

rust" were used in a percentage of 18.1%. Nine and 

half percent of the pupils didn't know how to name 

the oxide. 

Taking into account, as 

used in each case ("mold" and 

can see, on one hand, that 

children (see table 3) were 

a whole, the words 

"copper oxide") we 

only 48.4% of the 

able to distinguish 

between mold and copper oxide using words such as 

"mold" and "rust" <35.7%) or· "mold" and "green 

rust" <2. 6%>. 

On the other hand, 34 4% of the pupils 

confused the two entities designating both of them 

as "mold" <30.9%), "rust" <1 7%) or "other words" 

(1.8%). There are 17.2% of the pupils that can't 



415 TABLE I 
TABLE 3 

Tern used 1n the tdenttf 1eat1on of "•old' by grade (I) Distinction beheen '•old' 1nd 'copper oxide' by grade m 
<N•I16l (N•116) 

TERMS Jrd Sr ade 5th Grado 6th Grade Hh Grade Total 3rd 5th 6th Hh 
CATEGORIES Gr1de Gr1de Gr1de Gr1de Tohl 

Mold 53.4 88. 9 96' 7 82.8 80,5 

1, Distinguishes between 
Other tern 

20.0 7' 4 ' ' 17.2 12,0 '110ld' 1nd 'copper oxide': 33' 3 51' 9 56,6 51,7 ~8.~ (rust, dust, dnt> ~.~ 

1,1, using the hru 
Oon' t Know 26.6 3. 7 0' 0 0,0 7' 5 '•old' 1nd 'rust' 23,3 51 ,'3 4 '0 27,6 35.7 

I .2. using the hr1s '•old' 
1nd 'green rust' 0.0 0,0 3,3 6,9 2,6 

1 ,3, using olher hru 10,0 0,0 13,3 17.2 10, I 

2' Confuses '•old' with 
'copper oxide': 30,0 25.9 33,3 48,2 34.~ 

2 .I, using the ter• 

TABLE 2 
'!tOld' 23,3 22,2 33.3 44,8 30.9 

2.2. using lhe hr• 
Tern used 1n the 1denllflat1on of "copper OXIde' by gr1de (S) 'rust • 6, 7' 0,0 0,0 o.o 1 '7 (N•ll6l 

2.3. using other hriS 0,0 3 '7 0,0 3.4 1.8 
TERMS 3rd 6r1dt Hh 6r1de 6th 6r1d1 Hh 6r1de Total 

3, Donn' l Know 36,7 22.2 10 .o 0,0 17.2 

Ru1t 36,7 59,3 40,0 27,6 40.5 

Mold 26,7 22.2 36,7 41.4 31.9 x2 •17, 19, df•6, p<.009 (cltegories I, 2 1nd 3) 

Other ter11 (dust, 
16,6 7. 4 16,6 31.0 18,1 

Mld with rust, d1rtl 

Oon' t Know 20.0 11,1 6,7 0, 0 9' 5 
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decide if mold and copper oxide are the same or 

different things. The percentage of children that 

are able to make that distinction increases from 

the 3rd to the 6th grade (33. 3%, 51. 9%, 56. 6%) 

going a little down in the 7th grade (51. 7%). The 

differences between the four grades are significant 

<x:z=17.19, df=6, p<.009), <see in table 3). At the 

same time the percentage of answers "Don't know" 

decreases with the grade (36. 7%, 22. 2%, 10. 0% and 

0. 0%). 

Regarding the explanations given by the 

children for the formation <appearance) of mold and 

copper oxide and 1 ooki ng at tables 4 and 5 we can 

see that none of the children explain both 

phenomena by using curricular perspectives. In 

fact, none of the pupils' explanations refer that: 

a) the mold is a microorganism <fungus) which 

develops in a nutritive medium {bread, for example) 

from reproductive cells <spores); b) copper oxide 

is a chemical substance formed as a result of the 

oxidation 

(usually 

alternative 

of 

the 

the copper by an oxidant agent 

oxigen). All children adopt 

conceptions based on other models. It 

was possible to identify three alternative models: 

a) the mold/oxide is a property of some objects 

<bread and other food I copper and metals in 

general); b) the mold/oxide is a result of the 

action of an external agent upon the object; 

c) mold/oxide is a consequence of a "mechanicist" 

interaction between an object and an external 

agent. Table 6 shows some of the children's answers 

as examples of each model referred to above. 

TABLE C 

Explana~ions for ~he appurance of 'aold' by grade (I) 

CATEGORIES 

I, Curricular perspec~ive 

2. AUerna~ive concep~1ons: 

2, I, proper ~y of obac h 

2.2. produc~ of ~he ac~ion 

of an exhrnal agen~ 
upon ~he objed 

2,3, produc~ of ~he 

inhrachon be~ween 
~he objec~ and an 
exhrnal agen~ 

3, Don'~ Know 

Jrd 
Grade 

0,0 

100,0 

33.3 

53,3 

13,3 

0,0 

5\h 
Grade 

0,0 

100,0 

22 '2 

2~ ,6 

0,0 

S~h 

Grade 

0,0 

96' 7 

20,0 

so ,0 

26 '7 

3,3 

x'•S,55, df•6, p<.475 (cahgories 2,1, 2.2 and 2,3) 

TABLE S 

Hh 
Grade 

0,0 

100,0 

37 '9 

34 ,S 

27 '6 

0,0 

Explanahons for ~he appearance of 'copper ox1de' by grade (I) 

CATEGORIES 

I, Curricular perspechve 

2, Alhrna~ive concep~'ons: 

2,1, proper~y of objech 

2,2, produc~ of ~he ac~ion 

of an txyernal agen~ 
agtnt upon ~he objec~ 

2,3, produd of ~hi 

in~erac~ion be~ween 

~he objec ~ an ~he 

ex~ernal agen~ 

2.~. o~her explana~ions 

3, Don't Know 

3rd 
Grade 

0,0 

100,0 

23,3 

50,0 

23,3 

3,3 

0,0 

Hh 
Grade 

0,0 

100,0 

25 '9 

48' 1 

25,9 

0,0 

0,0 

6~h 

Grade 

0,0 

89' 9 

23,3 

40,0 

23,3 

3,3 

10,0 

x'•5,90, df=3, p<,116 (ca~egorin 2.1, 2.2, 2,3 and 2,0 

Hh 
Grade 

0,0 

96,5 

20 '7 

17 '2 

51' 7 

6,9 

3'. 

<N•II6l 

Tohl 

0,0 

99' 1 

28' 4 

46's 

24 '3 

o. 9 

<N•116l 

Tohl 

0,0 

96,6 

23,3 

39 ,Q 

31 'l 

3,4 



Table 6 

PROPERTY OF THE OBJECTS 

PUPILS' ANSI{ERS 

"Mold" 
, "is characteristic of the bread" 

"the bread gains always that thing 
, "as the time passes that [the mold] 
in the bread, 

appears 

"the bread is old and so 
that .. , " 

it is like 

"Copper Oxide" 
• "is characteristic of the iron" 
• "the metals gain always that ... " 

"as time passes metals become like that .. 
• "all old metals have that [ oxidel" 

PRODUCT OF THE ACTION OF AN EXTERNAL AGENT UPON THE 
OBJECT 

PUPILS' ANS\VERS 
"Mold" 

, "it is the dust that accumulates. 
, "it is dirt let by insects" 
, "this comes from the air and accumulates 
upon the bread . " 

"Copper Oxide" 
• "it is the dirt upon the copper" 
, "it is the rust that comes from other things 
and accumulates here" 
, "that comes from de air and with the rain 
too ... n 

PRODUCT OF THE INTERACTION BET\VEEN THE OBJECT AND 
AN EXTERNAL AGENT 

PUPILS' ANSI{ERS 
"Mold" 

"it is the sun acting on the bread" 
• "it is the insects and the bacteria that let 
the mold when they are eating the bread" 
• "it is the dust that infiltrates in the 
bread and modifies it like that ... " 

"mold comes from the bread <flour> by the 
action of heat" 

• Copper Oxide" 
, "it is due to the action of sun and rain in 
the copper" 
• "it is the rain that eats the metal" 
• "if metals are not clean, the rain and water 
come and disaggregate a part of the metal" 

"rust is formed from the copper by the 
action of the air, the water and heat ... " 

The predominant model in both cases Cmold 

formation and copper oxide formation) is the last 

alternative model referred to above the 

mechanicist causal model (46. 8% of the pupils for 

the case of the mold and 38.8% of the pupils for 

the oxide), The differences between grades are 

significant <x 2 =5.55. df=6, p<.475), 

Table 7 shows children's classifications 

mold and copper oxide in terms 

living/non-living. 

not 

of 

of 

As we can easily see, only few children 

<11. 2%> were able to make a correct classification 

of mold as a living organism and copper oxide as a 

non-living entity. A large percentage of children's 

<88.8%) uses alternative ideas identifying both 

mold and oxide either as living things (23.3%) or 

as non-living things (65. 5%). If we group 3rd, 5th 

and 6th grades and compare the average percentage 

of these grades with the percentage of the 7th 

grade we found a significative difference <x 2 =4.86, 

df=l, p<.027J. This means that 7th graders, however 

in a small global 

curricular perspective 

the other grades. 

percentage, utilize the 

more than the children of 

The criteria used by children in classifying 

mold/oxide as living/non-living are presented in 

table 8. 

417 
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TABLE 7 

ClusifiCiltion of '•old' ilnd 'copper oxide' n living/non living by grilde (J) 

<N•ll6) 

CATEGORIES 

1, Curricul;ar perspective 
( the 10 I d I i vn il nd 
the oxide doesn't) 

2. Alhrniltive conceptions 
(both ;are living or 
b•lth ;are non living): 

2,1, both ;are living 

2,2, both ilre non living 

Jrd 
Grade 

3,3 

96 ,& 

3,3 

93,3 

5th 
Grilde 

11.1 

88.9 

25.9 

63.0 

p<.061 (cilhgones I ilnd 2) 

6th 
Grilde 

6. 7 

93,3 

33,3 

60,0 

Hh 
Grilde 

24.1 

75,8 

31.0 

u.s 

Tohl 

11,3 

88,7 

23. ~ 

65,3 

x'• 7 ,36, 
x•• 4,88, 

df•3' 
dl=1' p<,027 (cilhgorin 1 ilnd 2, grouping the 3rd, 5th ilnd 6th 

grildes ilnd after yilhs correction) 
x'•11,64, df •3' p<,009 (Cilhgories 2,1 and 2.2) 

TABLE 8 
Criteria used In the clossl!lcotlon of 110ld/copper oxide as 

living/non living by grade <t> (N•116) 

Criteria 

1. Cell theory 

2. •classic- characteristics 

4. Other biological 

caracterhitlcs 

5. Fora. constitutioD and 

struc'ture 

6. FunctioD and usefulness 

7. State and place 

8. Classicatory 

9. Analogies 

10. Tautology 

11. lntropomorphlc 

12. Existence/ Appearance 

13. General activity 

14. Other 

15. lone 

Jrd 5th 6th 7th 

Grade Grade Grade Grade TOTAL 

0.0 0.0 0.0 o.o 0. 0 

60.0 43.3 56.7 53. 58.3 

10. 3.3 

6.7 

6.6 

0.0 

3.3 

3.3 

13. 3 

16.7 

6.6 

0.0 

16.7 

10.0 

3.3 

0.0 

16.7 30.0 

3.3 6.7 

6.7 6.7 3.3 

36.7 26. 23.3 

6.3 3. 0. 0 

6. 

3.3 

3.3 

3. 3 

10.0 

10. 0 

9.2 

5.0 

0.8 

15.0 

5.8 

3. 3 5. 

10.0 24.2 

6.6 

3.3 23.3 23.3 23.3 

4. 1 

18.3 

5.0 

10.0 

0.0 

6.7 

3.3 

3.3 

13.3 

3.3 

10.0 

10.0 

6.7 

6.7 

10.0 

3. 3 4.l 

CONCLUSION AND IMPLICATIONS 

The analysis of data allows us to draw some 

important conclusions. 

1. Regarding our first research question we can 

conclude that: 

2. 

1. 1. Only 48.3% of the children are able to 

distinguish between mold of bread and 

copper oxide; 

1. 2. 

1. 3. 

This capacity in :making such a 

distinction increases significantly from 

the 3rd to the 6th grade and decreases in 

the 7th grade; 

Even after having been instructed about 

fungi <6th grade) and chemical phenomena 

<5th grade), a significative percentage 

of the pupils (33. 3"!. of 6th graders and 

48.3% of 7th graders) confuse mold with 

copper oxide. 

l. 4. Even when children are able to make the 

distinction referred to above they don't 

use the scientific words "fungus" or 

"oxide ... In fact, although a large 

percentage <80.2%) can identify the mold 

of bread as "mold" (a word that belongs 

to both everyday 

curricular/scientific 

language 

language), 

and 

they 

have more difficulty in naming the copper 

oxide 1 n an acceptable way. Thus they 

either use the coiDIIIon naroe of n rustn 

that they apply to iron (40. 5%) or the 

word "mold" that comes from a certain 

apparent similarity with the mold of 

bread <31. 9%> i 

Regarding to the second question it becomes 

clear that: 

2.1. None of the children adopt the curricular 

perspectives for explaining 

formation of both the mold and 

copper oxide. 

the 

the 



3. 

2. 2. Almost all the pupils <99. 1%) explain 

the formation of mold and copper oxide 

taking as reference one of three 

alternative models: a) mold/oxide as a 

property 

23. 3%); 

action 

of some objects <28. 4:<. and 

b) mold/oxide as a product of the 

of an external agent upon the 

object (46 6% and 38. 8%>; c) mold/oxide 

as a product of a mechanicist interaction 

<24. 1% and 31. 1%). 

2. 3. In what concerns the utilization of such 

models, there are no significative 

differences between the four grades. 

In regard to the 3rd research question it is 

possible to state that: 

3.1. Only a small percentage of the pupils of 

all grades <11.2%) was able to classify 

the mold as a living organism and the 

oxide as a non-living thing. The 

remaining 88.8% of the pupils classified 

both the mold and the oxide either as 

living organisms or as non-living things. 

3.2. However, the great majority of the 

children <65. 5%) shows an "inanimistic" 

tendency, 

inanimate 

i e. state that mold 

entity; only 23.3% 

is an 

of 

children show traits of animism 

the 

in 

classifying 

organism. 

the copper as living 

3.3. The differences among grades in adopting 

3.4. 

the curricular perspectives versus 

alternative conceptions between grades 

are significant only if we compare the 

percentages of 3rd graders with the 

average of the 

grades. 

percentages of the other 

We can also stress that the graders in 

our sample are significantly less 

animistic <and so more "inanimistic") 

than 5th, 6th and 7 th graders. 

3. 5. The most frequently used criteria in 

classifying mold and copper oxide as 

living/non-living things are the "classic 
characteristics of life" <58. 3%). 

"tautology" (24. 2%). "existence/appear-

a nee" <18.3%); none of the children 

utilize "cell theory based" criteria. 

3.6. Children's conceptions about life and 

living organism are more a problem of 

alternative models used to make the 

distinction between animate and inanimate 

things rather than a stage dependent 

spontaneous evolution from animism to an 

"adult" concept of life, as Piaget 

postulated. 

If you want to go further ahead, inserting 

this specific study about mold and oxide in a wider 

context. and draw some more general conclusions, we 

must consider the learner's placement within a 

constructivist perspective. In figure 1 we try to 

represent how learner's knowledge is placed and 

interacts with other kinds of knowledge. 

A constructivist perspective about knowledge 

and learning acknowledges the idea of everyone 

<scientist, teacher, 

his/her own private 

pupil or citizen) constructing 

understanding either directly 

about the reality or about some part of public 

knowledge. Everyone's private knowledge is, in the 

end, a result of one's effort to make sense of 

his/her world and his/her life. In the world, as 

well as in life, things are not divided into 

disciplines or topics but related to one another 

and integrated as a whole. So, the teaching and 

learning process must begin with general and 

integrated concepts, models and procedures. The 

inevitable disciplinary approach can only be done 

bearing in mind integrated general schemes and 

always returning to them . Taking the topic of this 

study we think that the Portuguese curricular 

perspective of emphasizing, in the first years of 

419 
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a) snenlific p.radigts 
b) scienli!ic couun1lin; scienluls 
c) resnrch 
d) rnurch labs; bodus of scienllfiC knowled•Je 
e) scitnlific and techniCal hrulut 

al curriCular p1r1d1gts 
bl spenfic graups of hachtrs 
c) curncular fortaliu 
dl curricula; sylabuus 
e) sciencluls' science 

f) lo uphin lhe phenottna and acl upon lhe world fl lobe lranuilhd 1n school 
g) agreutnl frot scunllfic couun1lin 

a) pnvah paradigts and 
curricular paradign 

bl luchers 
c) luchers'/curncular 

forullu and 
everyday hnguagt 

t) curricuhr stitnct and 

a) priule parad1gu 
(individual and groups) 

b) children 
c) everyday language 
dl cullure; local cotlllnilin; 

hote; kindergarten 
el fnily; friends; llorin; TY; elc 
fl la explain and acl upon lhe world 
) succus in tveryday problen 

a) parad1g1s 
b) 'agenh' 

cl forullu 
dl enV!rontenl 

FIG. 1 

gl unislry, ln 

1) pnvale paradigts 
b) pupils/sludenh 
c) curncuhr/luchers' 

fotulut and 
evrryday language 

dl schools 
el books, clanu, 

luchers 
f) lo be succeded in 

school (and lo 
undershnd lhe world 1) 

g) and lUCUS 

cl everyday hnguage 
d) cullure; local cottunllin; 

hote; public placn 
el fnily; friends; newspapers; 

ugazinu; TY:elc, 
f) lo explun and acl upon lheworld 
gl success in everyday probltts. 

e) IOUCU 

f l a in 
g) cerl1ficalian 

school, the differences between living and non

living may nat help children to understand the 

concepts of living being, non-living being, life, 

death, decomposition of matter, etc .. In our 

opinion living and non-living, as well as organic 

and inorganic matter should be approached in 

paralell by discussing nat only the differences, 

but also the similarities. The unity of matter must 

be approached in the curricula since the first 

years of school. 

Struggling to make sense of the world they 

live in, children use very often causal explanation 

models <Andersson, 1986) or look at the dinamic and 

interactive phenomena as if they were properties of 

things <Driver et al. 1985 This is clear if we 

look at the models used by the children of our 

study when 

formation. 

explaning 

Taking the 

the mold/oxide process 

causal explanations 

to stress our curiousity models we would like 

about a possible relationship between such causal 

schemes and the generalized existence of logical 

fallacies such as assuming that events which follow 

others are caused by them <post-hoc reasoning), or 

imputing causal significances to correlations 

<Jungwirth, 1985; Sequeira & Freitas, 1987). We 

also believe that circular reasoning <tautologies) 

is another important fallacy, related to 

children's 

which is 

alternative conceptions <see table 8>, 
sometimes tolerated if not reinforced 

by curricula, by some school textbooks and even by 

teaching activities. Such assumptions allow us to 

suggest same major implications for science 

education. School teaching and learning activities 

must consider such generalized models of conceptual 

<or descriptive) 

knowledge. However, 

knowledge 

to change 

and procedural 

some causal 

explanations for some specific phenomena or facts 

is nat enough - we need to change the stereotyped 

kinds of reasoning, like post-hac reasoning or 

correlational fallacies. 



Everyday language is a reality 

Several times either the 

that 

word 

can't 

used 

be 

in ignored. 

everyday language for designating something is 

different from the one used in curricular science 

or the same word has different meanings in the 

everyday world and in school context. 'tie believe 

that science teachers must have this reality into 

account. The everyday language must be recognized 

by schools and teachers but not in the sense of 

either accept its characteristic words or 

mechanicaly substitute the common words by the 

"scientific" ones. The problem is to establish the 

correspondences as 

between the two 

well as the 

languages and to 

discrepancies 

stress the 

importance of learning how to use each of them. 
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Interview guide 

oxide problem) 

Appendix I 

First part - mold and copper 

Children are shown a piece of bread with mold and a 

small copper plaque oxidated in several points. 

Look carefully at both this piece of bread and 

this copper plaque. 

<pointing to the mold in the bread) 

l - Vhat is this ? 

<pointing to the copper oxide) 

2 - And this ? 

3 - How do you explain the appearance of that 

thing you named as <lJ ? 

4 - And of that thing you named as (2) ? 

5 - The (1) is a living being or a non-living 

being ? 

6 - Vhy do you say that the <ll is a living/ non

living being ? 

7 - And the (2) is a living or a non-living being? 

8 - Why do you say that the <2J is a living/ non-

11 vi ng being ? 

(1) - name given by the child to the mold of bread. 

(2) - name given by the child to the copper oxide. 
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What Besides Conceptions Needs to 

Change in Conceptual Change Learning? 

Edward L. Smith 
Michigan State University 

Over the past ten years, a large body of research has described 

numerous examples of widely held beliefs about natural phenomena that 

differ fundamentally from contemporary scientific explanations of them. 

These alternative frameworks, misconceptions, naive theories or naive 

conceptions are more than interesting observations or obstacles to be 

overcome. They point to the nature of learning in science and to the 

challenge of learning with understanding. 

The importance of these naive conceptions derives from the central 

role our conceptions play in perception, comprehension, problem solving 

and learning. They form a directing and interpretive framework within 

which we literally construct our knowledge and experience from 

information available in our memories and environment. Thus, the fact 

that most learners bring to the study of science conceptions which 

differ from and often conflict with those underlying the information 

they encounter creates a considerable challenge. lne rather straigpr 

forward comprehension that occurs when appropriate conceptions are 

available cannot take place. In order for the subject matter to be 

understood, the conceptions one has must be changed. This creates the 

problem of conceptual change as described by Toulmin (1972), Posner, 

Strike, Gertzog and Hewson (1982), and others (e. g., Carey, 1986). 

The research on naive conceptions has revealed that in many cases 

only a minority of students accomplish this kind of learning. Some 

misinterpret instruction in terms of their naive conceptions while 

others find it difficult to make much sense of instruction and resort 

to memorization to meet the demands of instruction. 

It is clear from the student conceptions research that students' 

naive conceptions are an important factor in learning (or failing to 

learn) science with understanding. However, as a number of researchers 

have noted, there is more to conceptual change learning than changing 

conceptions per se. For example, Viennot (1983) discusses ways in which 

"students' spontaneous reasoning" differs from that of physicists. She 

points out that the range of problems to which students apply their 

notions does not cover the same domain as that of the physicist, and 

that while "a concept is well defined in physics, always designated 

explicitly by the same word, ... in spontaneous reasoning students are 

usually not conscious of the 'notion' they use and may call it, 

sometimes indifferently," by several different names. 

Soloman (1983) contrasted features of students' "life-world 

knowledge" and knowledge based on the "formal explanations that we 

teach in school." She points out that, in contrast to science 

knowledge, lifeworld knowledge is "inconsistent and context bound" and 

"is not symbolic." Her central point is that students develop two very 

distinctive "worlds of knowledge." 

These examples illustrate that helping students to function more 

like scientists in their acquisition and use of scientific knowledge 

involves more than changing specific conceptions. The purpose of this 

paper is to explore what else may need to change. I will address this 

goal in three ways. First, I will describe several such aspects from 

our own research program at Michigan State University. Next I will 

relate this work to the idea of a conceptual ecology (Posner, et al, 

1982). Finally, I will discuss how such changes might be addressed, 

drawing on some preliminary pilot work. 

Some Other Things that Change 

In this section I shall refer to several studies carried out by my 

colleagues and I at Michigan State University, highlighting aspects 

relating to aspects of knowledge that seem to require change along with 

more obvious changes in students' conceptions. These aspects include: 

1. The kinds of explanations students construct and prefer, 

2. Students reasoning about the conservation of matter, and, 

3. Student goals and strategies for instructional tasks. 

Student Explanations--Empirical Circularity 

The importance of these two aspects of student thinking emerged 

from two earlier studies and became central foci in recent one. The 

nature of students' explanations emerged as an issue in a two stage 

study of science teaching at the fifth-grade level (Smith and Anderson, 



1984) The first stage was a naturalistic study of 14 teachers, nine of 

whom were using an inquiry-based science program (SCIIS or SCIS II) and 

five of whom were using a text-based program (Exploring Science, 

published by Laidlaw). During the second stage of the study we 

developed interventions in which we provided instructional materials 

designed to help teachers become more aware of and help students change 

their naive conceptions. 

We observed the inquiry program teachers teaching a unit on plants 

as prod~tcers in which students were expected to develop the conception 

that plants make their food by using light to combine carbon dioxide 

and water. The textbook unit dealt with light and vision. That unit 

addressed the idea that we are able to see objects when some of the 

light reflected by them is detected by our eyes. Thus, both units' 

intended outcomes involved children using abstract, unobservable 

processes to explain observable events. However, a common pattern on 

both our pretests and our posttests as well as in class discussions was 

for children to offer as explanations, statements which were 

essentially a reiteration of the observation to be explained. For 

example, students explained that the plants didn't continue to grow in 

the da~k because they needed light to grow. The students seemed 

satisfied with such empirical circularity as a form of explanation. 

Thus, they had little motivation to integrate the new ideas into their 

thinking about the phenomena The students in the inquiry program 

tended to think that the point of the experiments and the unit was to 

demonstrate the empirical relationship between light and plant growth. 

As a result of our findings concerning this empirical circularity 

in the students' explanations, change in students' explanations was 

addressed explicitly in later interventions (Roth, 1983; Roth and 

Anderson, 1985). Roth (1983) expressed this contrast in her student 

text as follows: 

How can we explain these observations? A good explanation for a 
science experlment does not just tell what you saw. A good 
explanation gives a reason to explain ~ something happened. 
Sometimes you have to think about things you cannot see to come 
up with a good explanation of what you do see. (p.7) 

Reasoning About Conservation of Matter 

A contrast between naive and more scientific thinking about 

conservation of matter emerged very clearly in a subsequent study in 

which we examined the teaching and learning of three life science 

topics in the classrooms of thirteen seventh grade teachers. Student 

thinking about the topics of photosynthesis, cellular respiration and 

matter cycling indicated that many students did not view matter as 

being conserved in the phenomena related to these topics (Smith and 

Anderson, 1986 and 1987). Such thinking was particularly apparent in 

the matter cycling topic. 

Nonconservation of matter was manifested in two distinct naive 

conceptions of matter cycling (Figure 1). In the more naive 

conception, matter appeared and disappeared in various natural 

processes that occur under proper conditions (Naive II in Figure 1). In 

this view, for example, organisms require food to grow. However, the 

food is not viewed as being transformed in some way to become part of 

the growing organism. Rather, having food is simply a necessary 

condition for the natural process of growth to occur. Similarly, dead 

organisms naturally "rot away" over time. Thus, students may be able to 

trace the cycle of events but do not view matter as cycling at all. 

In a less naive conception (Naive I in Figure 1), matter is viewed 

as moving through food chains as organisms become food for other 

organisms and some of the food becomes incorporated into the bodies of 

the eating organisms. However, i11 this view other food gets used for 

energy. Some of these students can trace food through the digestive 

tract and the bloodstream to the cells. But there it apparently ceases 

to be matter. Also, the process of decay is viewed as converting dead 

organisms into minerals which recycle. Although these students view 

some matter as cycling through the ecosystem, they clearly do not view 

matter as necessarily conserved in the process. 

This study suggests that development of student understanding of 

photosynthesis, cellular respiration and matter cycling requires a 

level of commitment to conservation of matter in what scientists view 

as chemical changes. A subsequent study (Hesse, 1987) directly examined 

the role of conservation reasoning in student conceptions of chemical 
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change. That study also examined the role of students explanatory 

preferences. 

Conservation Reasoning, Explanatory Preferences 
and Conceptions of Chemical Change 

The studies referred to above indicated that intended changes in 

students' topic specific conceptions were intertwined with issues 

concerning the kinds of explanations they tend to construct and broader 

principles such as the conservation of matter. These issues were the 

focus of a study of student conceptions of chemical change (Hesse, 

1987). 

This study involved about one hundred of Hesse's high school 

chemistry students. Hesse's data sources included a combination of 

written explanations of demonstrated phenomena, written judgments about 

the acceptability of their explanations, stated preferences for a 

balanced equation or everyday analogy as a means of making their 

explanations more acceptable, and interviews which further probed 

student thinking about the demonstrated phenomena and their reported 

judgments. 

Among the key findings in Hesse's study were: 

Only a small minority of students explained the phenomena in terms 
of chemical theory. The rest regularly substituted everyday 
materials and energy for chemical substances or focused on some 
visible aspect of the change they were asked to explain. 

Few of the students were "chemically conserving mass" in their 
explanations. However, some did exhibit conservation reasoning when 
they interpreted the changes as "intricate forms of physical 
transformations like freezing or evaporation.• 

There was a "preponderance of analogical thinking" among the 
students. For some, this seemed to 5e the only option available 
since they had little functional chemical knowledge. However, even 
many of the students with the most chemical knowledge indicated a 
preference for analogies. Students seemed to believe that chemists' 
explanations said essentially the same thing using bigger words. 

In discussing these results, Hesse noted that both analogical and 

chemical theory explanations have proper form according to Toulmin's 

(1961) formulation. That is, both relate the phenomenon to be explained 

to something judged more simple and self explanatory. They differ, 

rather, in content. While the chemist prefers explanations that are 

reductionist, and appeal to chemical theory, the students prefer 

explanations which draw on the familiar. 



Hesse drew a comparison between the students' preference for 

familiar analogies and Aristotle's use of the life cycle of plan~s and 

animals as an "explanatory ideal." He pointed out, however, that 

students do not exhibit commitment to any particular analogy. 

Furthermore, the students' analogies frequently draw students attention 

to surface features of the phenomena and away from unobservable 

features that students might in other circumstances be assisted to 

consider. Thus, while there may be potential value in the use of 

analogies, typical student use of them is problematic. Hesse argued 

that if students are satisfied with their analogical explanations, 

their motivation to seek alternatives will be low. 

Conservation reasoning and chemical theory seem interdependent in 

that, without chemical theory, conservation of mass appears implausible 

in many phenomena. On the other hand, without a commitment to 

conservation, there is little reason to consider the possibility of 

unobserved reactants and products. 

Hesse concluded that both conservation reasoning and explanatory 

ideals need to be explicitly addressed in the curriculum along with, 

and explicitly related to, chemical theory. He further argued that this 

treatment must take explicit account of students' naive conceptions in 

all three areas. 

These arguments are consistent with Posner, Strike, Gertzog and 

Hewson's requirements for conceptual change (1982). Dissatisfaction 

with existing conceptions and plausibility of an alternative are viewed 

as important requirements to be fulfilled if learners are to seriously 

consider the alternative, to say nothing about coming to adopt it over 

the existing one. 

Student Strategies and Goals 

Roth (1984) found that a conceptual change-oriented text was useful 

in helping fifth-grade students change their conception of plants' 

source of food. To gain a deeper understanding of the effects of such 

texts, she conducted a study which examined both the students' reading 

processes and changes in their conceptions of photosynthesis and food 

for plants (Roth, 1985a & 1985b). This study involved eighteen 

seventh-grade students using one of three alternative texts. Two of the 

texts were chapters from existing textbooks while the third was an 

experimental text designed to explicitly address the common student 

misconceptions about food for plants identified in earlier studies. The 

texts were of comparable lengths (about 3400 words) and reading level. 

A stratified random sampling procedure was used to assign 18 middle 

school students to groups so that each group contained two students 

reading above, at, and below grade level according to Metropolitan 

achievement test results. Each student read one of the three texts over 

a three day period. Following each reading session, each student was 

interviewed to obtain information about both their reading strategies 

and their ideas about photosynthesis and food for plants. The students 

were also pre- and post tested using written tests similar to those 

used in our previous studies. 

The results of the posttests and interviews indicated that all but 

one of the experimental text group reflected understanding of the goal 

conceptions while only one of the twelve students in the conventional 

text groups did. Although the experimental text was dramatically more 

effective, the most important contribution of this study was the 

insight gained into the strategies students adopted in reading the 

texts. The strategies identified were: 

1. 

2. 

Reading for conceptual change. Characterized by: 
relating text ideas to own experiential knowledge and to real 
world phenomena, 

recognizing and actively thinking about central text ideas 
that conflict with personally held ideas, 

recognizing conceptual confusion while reading, 

willingness to change misconceptions to resolve conflicts, 

reading goal of making sense of text ideas and using them to 
change personally held ideas. 

nd 

decoding to find familiar words, 

relying on prior knowledge to answer both text questions and 
questions about the real world, largely ignoring text ideas, 

reading goal of performing the assigned task. 
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3. 

4. 

5. 

£nar€iktik~oSYeS&;~ie~a~~c~~~i~=~tby:separation of prior knowledee 

focusing on details in text, most often specialized science 
vocabulary, 

using details to answer text questions, 

not attempting to relate details to one another or to 
real-world phenomena, 

reading goal of successfully completing assigned task. 

accumulating facts from the text, 

remembering ideas in no particular order and placing equal 
emphasis on details and main concepts, 

prior knowledge used to answer questions about the real world, 

reading goal of memorizing facts. 

Ov~~~efEi~g ~~ p~~~~ knowl~~ae and distorttng text to make it 
co t w br know ee. Character zed by: 

attempting to make sense of text and integrate text ideas with 
prior knowledge, 

distorting or ignoring some of the text information to make it 
fit with their ideas, 

using prior knowledse and new information to answer text 
questions and quest1ons about the real world, 

reading goal of adding information to what they already knew. 

The use of alternative strategies by students of different reading 

levels using different texts is summarized in Table 1. Strategies 2 

and 3 can be characterized as task completion strategies. The students 

did not seem to be concerned with learning at all. They were used by 

the below- grade level readers in the conventional text groups. 

Strategy 4 is a learning strategy, but only in a rote learning sense. 

New information was not integrated into students' prior knowledge. This 

strategy was used by two of the four at-grade level readers in the 

conventional text groups. The other at-grade level readers and 3 of the 

4 above-grade level readers in the conventional text groups generally 

used strategy 5. These students attempted to make sense of the text, 

but selected and distorted text information to fit with their own prior 

ideas. Only strategy 1 was effective in helping the students change 

their misconceptions and develop an understanding of the goal 

TABLE 1 

STRATEGY USE1 BY STUDENTS OF DIFFERENT READING LEVELS 
USING DIFFERENT TEXTS 

Reading Level 
Conventional Texts 

Strategy # Strategy Type 
(Freguencyl 

Experimental Text 
Strategy - Strategy Type 

<Freguencyl 
Below grade 

At Grade 

Above Grade 

2 & 3 Task completion 
(4/4) 

4 

5 

5 

1 

Non-integrative 
learning 

(2/4) 

Egocentric 
sensemaking 

(2/4) 

Egocentric 
sensemaking 

(3/4) 
Conceptual change 

sensemaking 
4 

1 Conceptual change 
sensemaking 

(2/2) 

1 

1,2,5 

1 

Conceptual change 
sensemaking 

(1/2) 

Mixed 
(1/2) 

Conceptual change 
sensemaking 

(3/3) 

1 
Strategies listed are those used predominantely over the three 
sessions. Some use of other strategies was not 11 in the first session. uncommon, especia y 



conceptions. However, only one student using the conventional texts 

used this strategy. About half used non-sensemaking strategies and most 

of the rest used an egocentric sensemaking approach. 

All but one (an at-grade level reader) of the students in the 

experimental text group came to use a conceptual change strategy, 

including all the below-grade level renders! This is particularly 

remarkable considering that the students' only source of information 

was the text. The claim was not made that the students had developed 

this strategy to the point where they could use it with conventional 

textbooks. However, the study does demonstrate that, with appropriate 

support, even below grade-level readers can use much more effective 

strategies for learning, even when text is a primary resource. 

This study illustrates a different kind of change required, or at 

least highly desirable and beneficial, for conceptual change learning 

to take place, namely change in the goals and strategies with which the 

students approach instructional tasks. The study also demonstrates that 

conceptual change-oriented text, based on adequate knowledge of common 

student conceptions and ways of thinking about a topic, can be a very 

useful resource in helping to bring about such changes. 

Discussion 

This paper addressed the question what, besides conceptions, needs 

to change in conceptual change learning? In my review of our work at 

Michigan State, I have described the following "other" kinds of 

changes: 

1 Changes in students' explanatory tendencies, preferences, and 
ideals. 

2. Changes in students' reasoning concerning conservation of 
matter. 

3. Changes in students goals and strategies for addressing 
instructional tasks 

Conceptual Ecologies: Toward a Synthesis 

The idea that conceptions are not the only things that need to 

change in conceptual change learning is not new. Other researchers have 

described features that distinguish expert from novice knowledge (e.g., 

Viennot, 1983). A very useful general formulation of this argument is 

the notion of the "conceptual ecology" in which a conception exists or 

must come to exist. This idea is based on the work of Toulmin (1972) 

and has been elaborated by Posner, Strike, Gertzog and Hewson (1982), 
Hewson (1981), and Strike and Posner (1985). In this section I will 

consider how the kinds of changes I have described relate to Strike and 

Posner's (SP) formulation of the features of an conceptual ecdlogy 

(Figure 2). 

Conservation of Matter. This principle might be considered a 

"metaphysical concept of science" in the SP formulation. However, in 

modern science it is not a universal principle since matter is not 

conserved in nuclear changes. If it is not included as a metaphysical 

concept, there seems to be no place for it except "Other knowledge.• 

Perhaps there should be a category, 'Related knowledge or conceptions.' 

The SP formulation has no category which recognizes the role that other 

knowledge ~ a field plays in determining the status of a given 

conception. "Gerneral principles' might be a subheading , providing a 

place for principles like conservation of matter. 

Explanatory tendencies and preferences. This aspect has an obvious 

place in the framework, "Explanatory ideals." However, I suggest that 

the label be expanded to include tendencies and preferences to reflect 

the less consistent nature of students' naive explanations. That is, 

the development of explanatory ~ is itself a change from more 

naive patterns of explanation. 

Goals and strategies for addressing school tasks. The relation of 

this kind of change to a conceptual ecology is more complex than that 

of the others. I think that it is more appropriate to represent the 

goals and strategies as related to (or not related to) the conceptual 

ecology rather than as a part of it. The task completion goals and 

strategies (2 and 3 above) have little relation at all to changes in 

1 · ( t 1 t t th se dealing with the conceptions or conceptual eco ogles a eas o o 

phenomena of concern in science). The fact memorization goal and 

strategy make only minimal connection with the conceptions (which for 

these learners are almost exclusively naive, experientially based). On 

the other hand, the sensemaking goals and strategies have as their 

focus changes in the conceptions that exist within the conceptual 

ecology. However, there may be ways in which changes in these goals and 

strategies are related to aspects of the conceptual ecology, 
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Figure 2 

Features of a Conceptual Ecology 

(Fro~ Str~ke & Posner, 1985) 

l. Anomalies. The character of the specific failures of a given idea are an 
important part of the ccolob}' which selects its successor. 

2. Analogies and metaphors. These can serve to suggest new ideas and to 
make them understandable. 

J. Exemplars and images. Prototypical examples, thought experiments, 
imagined or artillcially simulatec.l objects, anc.l processes all influence a per
son's intuitive sense of what is reasonable. 

4. Past experience. Cunceptiom which appear to contrac.lict one's past 
experience are unlikely to be acceptcc.l. 

5. Epistemological commitments. 
a. E:rplanutory ideaLs. Must fielc.ls have some subject matter specitlc 

view.• concermng what counts as a succcsslili explanation in the fielc.l. 
b. General views ulmut the character of knowledge. Some stanc.lards fur 

successful knowledge such as elegance, economy, parsimony, anc.l not being 
excessively ad hoc seem subject matter neutral. 

6. Mctaphvsical beliefs and concepts. 
a. ,'.(ctuphysicul belief.• ubuut science. Beliefs concerning the extent of 

urc.lerliness, symmetrv, or nunranc.lomness of the univer>e arc often unpor
tant in scientific work and can result in epistemological views which, in turn. 
can select or reject particular kinc.ls of explanations. Beliefs .•bout the rela
tions hetwcen science and commonplace experience are also unpurtant here. 

b. Melllflllljsical concepts of science. Particui.lr scJentlilc conceptions 
often have a metaphysical •1uality in that they are beliefs .1hout the ultnnatc 
nature of the uniVerse .1nd are immune from direct empirical refutation. ;\ 
belief in absolute space or time is an e~ample. 

7. Otht:r knowlt:dge. 
a. KnuiL·Ietl~e in other ficltl.s: :-.lew ic.leas must he cmnpatihle with other 

thin~s people believe to he true. 
h. Competitll.( cunaTJtimu: One condition for the selectmn of ·' new 

conception is that it >honld .1ppear to have more promJ>c th.m 1ts cumpdl
tors. 

particularly in epistemological commitments and metaphysical beliefs 

about science as illustrated in Table 2. 

Table 2 

Epistemological and Metaphysical Beliefs Associated with 
Alternative Strategies and Goals 

Relation between Not aware of 
scientific and science 
own ideas topic 

How sclence 
knowledge is 
acquired 

Applicability 
of science 

ideas 

Science is 
doing tasks 

Science has 
little to do 
with the real 

world 

My facts are 
right or 
wrong 

Add facts 

Facts have 
little to do 
with the real 

"'orld 

Essentially 
the same 

Add ideas and 
details 

Science ideas 
apply to the 
real world 

Change and add 
ideas, details 

Science ideas 
apply to the 
real world 

I have not attempted a comprehensive analysis of what other than 

conceptions must change in conceptual change learning. Rather, I have 

examined three specific examples that have arisen in our research on 

specific conceptions. Hopefully, my formulation of the issue and 

discussion of implications for the general notion of a conceptual 

ecology will stimulate further efforts along these lines. These 

examples of other kinds of changes also raise psychological, 

curricular, and instructional issues. I address these, at least 

implicitly, in the last section of the paper 

"Other" Kinds of Changes as Curricular Goals 

It appears that for students who approach instructional tasks with 

the kinds of non-sensemaking goals and strategies described by Roth, 

changes in the third category are prerequisite to changes in the first 

two as well as to changes in specific conceptions that might be 

addressed by instruction. No claim was made that the changes in 

student goals and strategies in the Roth study were permanent or 

general. Rather, students had sufficient support through the tasks and 

information in the text to enable them to adopt a conceptual change 



sense making approach. Even this limited change, however, raises 

important issues. Could sustained instruction bring about a more 

permanent and general change in students' approach to instructional 

tasks? Can students be taught to use a conceptual change sense making 

approach to learning using conventional textbooks? 

Over the past year, I have been collaborating with a reading 

researcher in pilot work to examine these issues (Dole & Smith, 1986). 

To date we have only developmental work to report and little in the way 

of empirical evidence that our approach will succeed, However, a 

description of this approach is a way of illustrating the kind of 

support we believe students will probably need in making such changes. 

Our pilot work has been informed by perspectives from social 

psychology (e.g., Wertsch, 1985). From this perspective, complex tasks 

are initially performed cooperatively by the teacher and students with 

control gradually being shifted to the students over time. Modeling, 

guided practice with feedback and other forms of "scaffolding" are 

important in students' early performance. This approach is illustrated 

in the work of Palincsar and Brown (1984) in the teaching of reading 

comprehension. Anderson (1987) has recently discussed its potential 

contributions to science education. Collins, Brown, and Newman (in 

press) have formulated a version of this work in what they term 

"co~;nitive apprenticeship." 

In addition to the use of modeling and guided practice with 

feedback, our approach includes three elements to support students in 

conceptual change sensemaking 1) the establishment of an 

instructional task structure that is conducive to sensemaking, 2) 

explicit introduction of a strategy for use in reading, and 3) explicit 

instruction on aspects of student knowledge of themselves as knowers 

and learners and of textbooks (metacognitive knowledge). 

Establishing an instructional task structure conducive to 

sensemaktng. A central influence on students' approach to learning is 

the nature of the tasks established in instruction. Our approach 

involves building a unit around a small number of central questions, 

posed in everyday language and requiring explanations of familiar 

phenomena. Such questions help establish a meaningful purpose for study 

of the unit and a framework for selecting and organizing information. 

For example, our pilot work with the topic of cells was organized 

around the questions: 

What are living things made of? 

How do living things grow? 

What happens to the food we eat? 

Tasks that required students to construct representations (verbal or 

written summaries, concept maps, etc.) of ideas encountered in the text 

or to explain specific phenomena were assigned in each lesson. 

Finally, A synthesizing task was used at the conclusion of the unit, 

requiring students to pull together information from the unit and their 

own ideas to construct answers to the central questions. In our pilot 

work this involved students working in groups to construct posters with 

verbal and pictorial information. Alternatives might include 

constructing a concept map representation or a section to be included 

in a class science book. 

The kind of task structure illustrated here is essentially an 

invitation to approach the reading and related tasks as a sensemaking 

activity. However, at the outset, only a portion of the students 

appear able to approach the tasks in this way. The other elements in 

our approach are designed to help the majority do so. 

Cognitive strategies, One of the key findings in the Roth study was 

that some of the students, usually those reading above grade level, 

made sense of what they were reading by interpreting it in terms of 

their own prior ideas, leading to misinterpretations and selective 

attention. To help overcome this egocentric sensemaking, we devised a 

strategy for use during reading. This strategy involved students 

monitoring their own and text ideas relevant to questions explicitly or 

implicitly addressed in the text. We explored various forms of such a 

strategy including the use of a think sheet on which students could 

write a question, their own initial ideas, text ideas, and the main 

idea that they ended up with. 
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Metacognitive knowledge. Through discussion, teacher presentations, and 

examples encountered, we attempted to develop student awareness of the 

following ideas about themselves and the textbook: 

They already have ideas of their own relevant to the 
toplc of study. 

Their ideas may differ from the ideas presented by the 
author in the text. 

The text may not always provide answers to their 
questions, may be unclear, or may contain errors. 

Summary. Instruction along the lines just described addresses 

several kinds of goals including changes in students' goals and 

strategies for performing instructional tasks as well as more specific 

conceptual learning. As implied in this description, for such learning 

to occur, it must be experienced in the ongoing life of the classroom. 

Initially students will need considerable support . Over time, the 

level of support needed should decrease. How far this might go for most 

students is one of many issues that need to be addressed by future 

research and development efforts. However, the prospect that such 

changes might be accomplished for most students in science classrooms 

is an exciting propsect. 

Explanatory Tendencies and Preferences 

The central questions and associated task structure described above 

places a heavy emphasis on explanation. The frequent occurence of 

student explanations provides opportunity to address their improvement 

as a curricular goal. We found in tour pilot work that the limitations 

of the empirical circularity type of explanation became apparent to 

many students as soon as they were pointed out. 

While taking class time to deal with the nature of explanations and 

the relative advantages and disadvantages of naive versus more 

scientific conceptions will probably be viewed by many as taking time 

away from learning science content per se, Hesse's study suggests that 

in some cases at least there may be no alternative. If students are to 

develop a preference for explanations using chemical theory over a 

distanced analogy with some familiar phenomenon, they will need 

experience in which they develop a scientific explanation that they 

find both intelligible and plausible. Furthermore, they will probably 

need to come to understand some of the limitations in the distanced 

analogy as an explanation. To accomplish these conditions, 

considerably more emphasis will need to be placed on the development 

and discussion of student explanations of particular phenomenon. For 

example, the burning of a piece of wood could serve as a prototypic 

chemical change and serve as the focus for extended consideration. In 

conventional instruction, many students never really develop a very 

good chemical explanation of such a phenomenon Thus, it can hardly 

offer an attractive alternative to an analogy such as, "its shriveling 

up, like growing old". Consider the following hypothetical teacher 

responses that might follow such an explanation: 

Teacher: 

Teacher: 

Teacher: 

Your explanation compared burning to another phenomenon 
a person growing old. You pointed out that in both ' 
cases, the something "shriveled up." Is burning like 
growing old in any other sense? 

We could observe that the wood shriveled up. Does the 
comparison with growing old add anything to what we 
already observe? Does that comparison do anything to 
tell us ~ the wood shrivels up or turns black 7 

A good scientific explanation should go beyond what you 
can already observe in a phenomenon. Scientists try to 
develop explanations that explain why something happens 
in addition to describing what happens. Such a 
discussion may help students to become dissatisfied with 
this type of explanation and more willing to consider 
explanations based on scientific theory. 

The development of explanations for protOtYPic phenomena can also 

provide a context for meaningful introduction of the issue of 

conservation of matter. The discussion of burning, for example, can 

lead to a line of questioning dealing with the materials that are 

involved in the phenomena and the materials that are left. At some 

point, the question can be raised as to whether or not the materials 

that are left weigh the same or more or less than the materials that 

were there originally. 

In summary, in the context of tasks requiring the construction of 

explanations of phenomena, teachers can model and help students engage 

in a process in which they attempt to relate ideas from the text to 

phenomena in the real world and to their own ideas. The nature of good 

explanations and the application of principles such as the conservation 

of matter can be addressed in this context in a meaningful way. 



Much remains to be done in furthering our understanding of 

conceptual change sense-making, the development of student explanatory 

tendencies, preferences and ideals, and in the development of student 

reasoning about principles such as the conservation of matter. 

Further, it remains to be seen how helpful our particular approach will 

be in bringing about changes in these areas. I hope, however, that 

this description of our preliminary developmental efforts will lead 

others to think constructively about these and other changes that may 

be important in conceptual change learning. 

REFERENCES 

Carey, S. (1986). Cognitive science and science education. American 
~sychologist, 41{10), 1123 1130. 

Collins, A., Brown, J.S., & Newman, S.E. (in press). Cognitive 
apprenticeship: Teaching the craft of reading, writtng, and 
mathematics. In Resnicki L.B. {ed.), Cognition and Instruction: 
Issues and agendas. Hil sdale, NJ: Lawrence Erlbaum Associates. 

Dole, J., & Smith, E. L. (1986). Development of teaching and learning 
strategies for conceptual change learning from science textbooks. 
Proposal for an All University Research Initiation grant, Michigan 
State University, East Lansing, Michigan. 

Driver, R. (1985). Beyond appearances: The conservation of matter 
under physical and chemical transformations. In Driver, R., Guesne, 
E., & Tiberghien, A (Eds ), ghildren's ideas in science. 
Philadelphia: Open University Press. 

Hesse, J.J. (1987). Stude~t concevtions of chemi~al change. 
Unpublished doctoral d ssertatlon. East Lans1ng, HI: Michigan 
State University. 

Hewson, P. W. & Hewson, M. G. A. (1984). The role of conceptual 
conflict in conceptual change and the design of science 
instruction. Instructional Science, 13, 1·13. 

Palincsar, A.S., & Brown, A L. (1984). Reciprocal teaching of 
comprehension-fostering and comprehension-monitoring activities. 
Cognition and !nstructton, 1(2), 117-175. 

Posner, C.J., Strike, K.A., Hewson, P.W., & Gertzog, W.A. (1982). 
Accommodation of a scientific conception: Toward a theory of 
conceptual change. Science Education, i2(2), 211-228. 

Roth, K.J. \1983). rood for Plants. East Lansing, MI: Michigan State 
Universlty, inst tute for Research on Teaching. 

State University, Institute for 

Smith, E.L. ~Anderson, C.W. (1986). Students' conceptfons of matter 
cfic1ing 1n icosystems. Pa2er presented at the annua meet ngs of 
t e Natlona Association for Research in Science Teaching San 
Francisco, California. ' 

A conceptual change view of 
In L. West and A.L. Pines (Eds.), 

~~~~~~~~~~~~~~~~~LL~C~h~·aanngge. New York: Academic 

H. & 

Toulmin, S. (1961). Foresight and understanding. Great Britain: The 
Anchor Press, Ltd. 

Toulmi~, S. (1972). Human Understanding. Princeton, NJ: Princeton 
Unlversity Press. 

Viennot, L. (1983). Natural tendencies in analysing students' 
reasoning. In H. Helm and J.D. Novak (Eds.), ~tsconcepttons in 
Science and Mathematics. Ithaca, N.Y.: Corne Univers ty. 

Wertsch, J. (1985). 
Cambridge, MA: 

433 



~ THE METAPHOR INTERVIEW AND THE ANALYSES OF CONCEPTUAL CHANGE 

Gloria Snively, University of Victoria (British Columbia) 

Studies of children's conceptions have a long history, 

mostly in clinical settings. One of the earliest systematic 

attempts to examine children's conceptions of the physical 

world was carried out by Piaget (1929, 1930). Over the 

years a variety of research methods has been developed to 

probe the meanings children have for the words they use in 

explaining things that happen in the world. They include 

both clinical interviews ~1ich focus on specific aspects or 

problems (Nussbaum & Novak, 1982; Osborne & Gilbert, 1980) 

and more general interviews which probe what a person knows 

about a topic (White and Gunstone, 1980). Once obtained, 

the information could be represented in a suitable format, 

such as a semantic network or grid, which was seen to 

represent the child's cognitive structure (Posner and 

Gertzog; 1979). Driver and Erickson (1978); and Erickson 

(1984) have analyzed the similarities and differences in 

these studies and established that there is much commonality 

in terms of the research med1ods developed. 

Typically, researchers in science education have 

addressed the notion of constructed meaning by analyzing 

students' cognitive beliefs about a narrow set of concepts 

or topic area. Scant and insufficient attention has been 

given to the values that underly children's thinking about 

the world. Researchers try to distinguish between cognitive 

and affective domains, but in fact, they can not be 

separated. One way of attempting to capture some of the 

complex interplay between cognition and affect is by the 

construct of an orientation. In this study, an orientation 

means a tendency for an individual to understand and 

experience the world through an interpretive framework, 

embodying a coherent set of beliefs and values. These 

orientations are thought to be deeply rooted aspects of our 

conceptual system and not easily accessible with normal 

probing techniques such as pencil and paper tests or even 

conventional interview techniques. One of the ways of 

understanding these broad intellectual commitments is to 

look more carefully at the nature of metaphorical thinking 

in children. 

This paper makes no attempt to thoroughly review the 

advantages and disadvantages of the various research 

methods, but rather describes the metaphor interview in 

detail to reveal its subsummed techniques and its richness 

in illuminating the complexities of n child's belief system. 

The research itself is part of a larger study in the general 

area of research on childrens' thinking, which supports the 

view that childrens' prior beliefs and values need to be 

taken seriously and incorporated into the instructional 

setting (Snively, 1983, 1986). The first section provides a 

brief overview of the larger study, the purpose of 

instruction, the case setting, and the findings. The second 

section reviews the metaphor interview as developed by Beck 

(1978, 1981), and outlines the four metaphor interviews 

constructed for the analysis of the students' orientations 



and beliefs. Last, the implications of the metaphor 

interview for educational research and instruction are 

discussed, as well as issues that this work leaves 

unanswered and possibilities for future research. 

Brief Overview of the Study 

The purpose of the larger study was to explore the 

relationships between the students' orientations towards the 

seashore, their beliefs about specific ecological 

relationships, and their experiences during science 

instruction. The study involved the collection and 

analysis, by metaphor and literal interviews, of students' 

orientations and beliefs before and after instruction. By 

looking for patterns in the students' responses, six 

different orientations were identified (scientific, 

aesthetic, utilitari.an, spiritual, recreatic>na1, and health 

and safety), as well as a diversity of beliefs ahout 

specific seashore relationships (tidal cycle, habitat, 

predator-prey, food chain, community, pollution, 

conservation, etc). In addition, c>hservations were made 

during classroom instruction and interviews were conducted 

with selected individuals in the school and the community to 

aid in the analysis of the students' orientations and 

beliefs. 

The participants consisted of a class of grade 6 

students in a small coastal town in British Columbia, which 

will be given the pseudonmy "Salmon Cove". A native Indian 

community is located at one end of the cove and a community 

largely of European extraction is located at the other end 

of the cove. Commercial fishing is the main source of 

income for both Native and non-Native families. It was 

expected that the presence of both native and non-native 

students in the study would result in the presentation of a 

wide range of orientations towards the seashore, and a 

diversity of beliefs about specific seashore relationships. 

The main criterion used in the selection of a grade 6 class 

was the ability of students at that age level to express 

their ideas in metaphor interviews. Within the class, six 

target students were selected for intensive study: the 

student with a preferred scientific orientation (Dan), a 

preferred utilitarian orientation (Jimmy), a preferred 

aesthetic orientation (Mary), a preferred spiritual 

orientation (Luke), a preferred recreational orientation 

(Anna), and a student with no preferred orientation 

(Sharon). 

The primary focus of instruction was to introduce a 

basic set of ecological concepts focused around seashore 

relationships. In order to increase a students' knowledge 

of beach ecology, the teacher attempted to use instructional 

metaphors which were sensitive to the student's preferred 

orientation identified prior to instruction. A second 

purpose of instruction was to enhance the student's ability 

to view the seashore from a variety of orientations. 

Results of the pre-instructional interviews showed that 

while all of the students used sever£11 orientations to 
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describe the seashore, some students used one orientation 

predominantly. Only a few students held beliefs which were 

quite similar to accepted science ideas; most students held 

beliefs which were quite different. For most students, 

there was a reasonably strong relationship between their 

orientations and the nature of their beliefs about specific 

seashore relationships. 

Results of the post-instructional interviews show that 

for all of the students there was an increase in knowledge 

about basic seashore relationships, and a decrease of 

beliefs inconsistent with accepted science ideas. This 

increased knowledge was accompanied in most students by a 

willingness to use a scientific orientation more frequently. 

This new knowledge appeared to be relatively stable six 

months after instruction, implying that it was firmly 

integrated into the students' cognitive system. The fact 

that many students still used orientations which they 

possessed prior to instruction, and that for s9me students 

these orientations were more elaborated, provides evidence 

that they were willing and able to view the seashore from a 

variety of orientations. 

The Use of Metapor to Uncover Meaning 

For several years Beck (1978, 1981) has been exploring 

the use of metaphor as an indicator of cultural values in an 

anthropological setting. She developed a metaphor interview 

technique which could be used to identify the conceptual 

frameworks of a culture. However, Beck emphasized the 

values of people towards family relationships and the 

concept of ethnicity, for example, paying less attention to 

the implications of values for specific beliefs and 

practices. The larger study attempted to establish how the 

students' beliefs and values were related. 

From Hay 1980 to October 1981, a series of five small 

pilot studies were conducted to sharpen the research 

questions and develop a research method. The problem was 

not one of extending or adapting some existing metaphor 

interview, but of developing a ~nique set of metaphor 

questions in which the analysis of the students' 

orientations was the central purpose. 

The Metaphor Formats 

In attempting to develop and use metaphor interviews, 

three problems were encountered: the interviews had to be 

designed to 1) explore the students' orientations towards 

the seashore, 2) explore the students' beliefs about 

specific seashore relationships, and 3) be appropriate to 

the language development of young children. In developing 

the metaphor interviews the basic interview techniques 

described by Beck (1978; 1981) were followed, but ideas from 

Lakoff and Johnson (1980) about metaphorical systematicity 

were incorporated to construct the interview questions. 

Following Lakoff and Johnson, the very systematicity which 

allowed the students to comprehend one aspect of a concept 

ln terms of another will necessarily hide other aspects of 

the concept. For example, in the "Seashore is a playground" 



aetaphor, the students were encouraged to focus on some 

aspects of the recreational aspects of the seashore concept, 

and encouraged not to focus on aspects of the other 

orientations of the seashore. The interview questions were 

designed to highlight and hide a range of orientations 

towards the seashore: e.g., the image "painting" was 

selected to highlight an aesthetic orientation, a "town" to 

highlight a scientific orientation, a "church" to highlight 

a spiritual orientation, a "playground" to highlight a 

recreational orientation, and a "pin cushion" to highlight a 

health and safety orientation. For example, the first type 

of interview asked each respondent to explore the following 

question: 

If the seashore were one or more of the 

following, which one or ones would it be: 

factory 

painting 

town 

church 

playground 

pin cushion 

WHY? 

At every point the students were asked to explain ~ 

they had selected a particular metaphor over others. THE 

QUESTION "WHY?" WAS ESSENTIAL, as this procedure generated 

the .oat interesting and useful information. Although the 

actual type of metaphor chosen was noted, and for some 

students did yield some interesting patterns, the "WHY?" 

query was the key to the technique's success since it 

indicated the respondent's reasoning for choosing a 

particular metaphor. 

The metaphor formats contained three additional types 

of questions that depended on metaphorical thinking. The 

second type of question asked each respondent to explore 

fifteen different seashore animals, objects, events and 

conditions. For example: 

OR 

If a clam were one or more of the 

following, which one or ones would it he: 

vacuum cleaner 

potlatch 

dance 

legend 

necklace 

WHY? 

If the sun were one or more of the 

following, which one or ones would it be: 

jewel 

furnace 

gift 

factory 

lamp 

WHY? 

The response was intended to indicate the student's 

reasoning towards selected animals, objects, events and 

conditions at the seashore. 

The third set of questions asked each student to 

explore twelve different imaginary questions. For example: 

If you were a bird, would you be a: 

raven seagull eagle 

WHY? 
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OR If you were a boat, would you be a: 

sail boat ferry boat fishing boat 

WHY? 

This interview generated some of the most imaginative and 

useful material. The students found the me'taphor questions 

in this interview the easiest to elaborate. They appeared 

to enjoy discussing their metaphor choices, possibly because 

of the single metaphor construction, and because the 

questions resembled the children's play at the seashore 

wherein they "become" a bird, or a fish, or a boat. 

The fourth set of questions asked each respondent to 

explore nine metaphoric dyads. Each dyad contained two 

types of questions that depended on metaphoric thinking. 

The metaphors were chosen to represent contrasting 

relationships: story teller is to a story, or character is 

to a story, or listener is to a story. The respondents were 

asked to decide which of the three pre-selected images was 

best suited to symbolize his or her own relationship to the 

seashore. For example: 

I am to the seashore, as a 

story teller is to a story 

- listener is to a story 

- character is to a story 

\.'HY? 

In addition, the students were asked to indicate 

directionality. If the students' relationship to the 

seashore was like a story teller to a story, which element 

of the dyad would the respondents call the story teller and 

which the story, and WHY? Some students found the metaphor 

questions in this interview to be difficult to think with, 

possibly because of the double metaphor. Nonetheless, all 

of the students gave some explanation for their choices. 

See Erickson (1983) for the complete set of metaphor 

questions. 

During the interviews the students were asked to select 

the best metaphors from amongst a range suggested. Since it 

is difficult to keep several images in mind at once, the 

options provided were written on three-by-five-inch white 

cards. In some of the interviews involving seashore animals 

a pictorial black-and-white line-print was provided on the 

card. When possible, the native Indian word for the animal, 

object or event was printed inside parentheses beside the 

English word. The students' full verbal responses were 

recorded on audiotape. 

Since metaphors are often sophisticated, it could be 

argued that children would have great difficulty in using 

language metaphors when interviewed, especially children of 

different cultural backgrounds. In the present study, 

however, all the metaphors were formed from con~on nouns, 

and the imagery was not difficult for elementary students to 

grasp. Host of the imagery was taken from a range of 

familiar household or community objects: e.g., painting, 

bicycle, pin cushion, jewel, curtain, door, house. A few 

"atypical" metaphors were added to probe for variations in 

metaphor style: e.g., spaceship, robot, submarine. 



Siaple metaphors frequently become imbedded in sea lore 

and everyday converaation--"cranky as a crab," "crusty aa a 

barnacle," "smells fishy," "clam-up," "ship-off." Thill 

kind of trite expression was avoided. Following Beck 

(1978), the interest in choosing metaphors for use in an 

interview was in stimulating the respondents to project 

"deep-set" concepts onto exterior forms in an imaginative 

way. 

Also, by talking to various students and native elders 

in Salmon Cove, and by exploring the community and noting 

ita special features, metaphor questions could be 

constructed which were grounded in the physical and cultural 

backgrounds of students living in a small native Indian and 

non-native coastal community in British Columbia. For 

exa~~ple, the metaphors "pot-luck dinner" and "potlatch" were 

.seen to be better utilitarian metaphors than the metaphors 

"dinner" or "supper" or "feast." The metaphor "cannery" was 

seen to be a better utilitarian metaphor than "factory," 

since a fish cannery was an integral part of everyday life 

in Sal110n Cove. The metaphors "totem pole" and "legend" 

were viewed aa appropriate spiritual metaphors, and the 

metaphors "blackberry bush" and "pin cushion" were viewed as 

appropriate health and safety metaphors, and so on. 

Also, during the pilot study interviews, students were 

asked to generate their own metaphors for the seashore, One 

might think that imagery generated by the students would be 

more revealing than those generated by the researcher. But 

this advantage was counterbalanced by the difficulty moat 

students had thinking up metaphors for themse]ves. Host 

students could not give a metaphor, or gave partial 

explanations which could not be categorized into 

orientations. Even after completing the interviews and with 

coaching, most students gave back metaphors that had already 

been used during the interviews. 

Finally, after selected interview sets, each student 

was asked to choose the metaphor response which best 

described how he or she viewed the seashore. It was hoped 

that by comparing the students' preferred responses (their 

first, second, and third choice responses), and by noting 

their own metaphors for the seashore, that a distinction 

could be made between the students' preferred orientations 

prior to instruction, and the effect of instruction on the 

students' preferred orientations after instruction. 

Identifying The Students' Orientations 

The following illustrates a typical student response 

within each of the six orientations: 

Utilitarian 
The seashore is a factory. 
It's got crabs, fish for 
canning. 

Jimmy 

Scientific 
The seashore. is a town. 
All the animals that live 
at the seashore. They 
all grow up there. The 
rocks being for the 
animals to hide under. 

Dan 
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Aesthetic 
The seashore is a painting. 
It just looks like a painting 
an artist would paint. 

Mary 

Recreational 
The seashore is a playground. 
You don't have to work. Do 
what you want. Could be a lot 
of fun; looking for animals, 
crabs, finding shells. It's 
peaceful. 

Mary 

Spiritual 
The seashore is a legend. 
There's a legend about 
this man who became wild 
nnd he could do things 
that animals could do ••• 

Luke 

Health and Safety 
There 1s the barnacles and 
the sea urchins that 
could poke if you were to 
fall on them. 

Jimmy 

A certain consistency in the reasons students gave 

could be seen to persist across their particular choices of 

metaphor. For example, "The seashore is a painting" 

Scientific Aesthetic Recreational 
The seashore is a 
gift. Because of 
the many things 
that live there. 

Dan 

The seashore is a 
gift. We can enjoy 
the water. The way 
it looks pretty. 

Mary 

The seashore is a 
gift. Because 
children can play on 
it, swim in the 
water, and throw 
rocks. 

Jimmy 

Some students, more than others, responded to a 

particular metaphor with a complex concept of the seashore, 

For example, in a single response notice how one student 

stressed a range of orientations for the gift metaphor: 

It was given to us to use. And we use it! 
We're supposed to use it properly. It's 
like a special gift that was given to us 
to use. The way fishermen use it for fish. 
People use it to learn about the animals. 
And for fun too. 

metaphor frequently resulted in nn aesthetic response. '~he Sharon 

seashore is a factory" metaphor frequently resulted in a Notice the obvious utilitarian aspects: "We use it. 

utilitarian response. "The seashore is a pin cushion" The way the fishermen use if for fish." There ore 

metaphor usually elicited a health and safety response. On recreational aspects as well: "And for fun too." Also, 

the other extreme, a certain consistency in the orientations notice the scientific or intellectual aspects: "People use 

students preferred could be seen to persist across their it to learn about the animals." Perhaps there is even a 

choices of metaphor. For example, the students with a concern for conservation: "We're supposed to use it 

preferred aesthetic orientation tended to stress the properly." And overall, there ore subtle spiritual or moral 

aesthetic aspects of the seashore regardless of the type of aspects that may not be immediately obvious: "It was given 

metaphor image selected. Notice how three different to us to use. We're supposed to use it properly. It's like 

students stressed different orientations for the metaphor, a special gift that was given to us to use." Hence, a 

"The seashore is a gift": student's response depends upon the complexity of thought 

the metaphor stimulates and upon other characteristics of 

the students. 

The metaphor interviews worked effectively to enable 



the identification of the different orientations used by the 

students. While all of the students exhibited several 

orientations when describing the seashore, some students 

used one orientation predominantly, and some showed a 

greater mix of orientations. Although some combinations of 

orientations would appear to be more probable than others, 

the data suggest that any combination of orientations is 

possible. 

The metaphor "The seashore is a playground" used in the 

interviews, illustrates how an attempt was made to 

comprehend and respresent the students' orientations to the 

seashore. The focus of thinking in this metaphor, the 

"seashore," has very different kinds of experiential bases 

to a child growing up in a large urban center such as 

Vancouver, a child growing up in an isolated coastal 

community in British Columbia, and a child growing up on a 

white sandy beach in the South Pacific. Similarly, the word 

"playground" has very different kinds of experiential bases 

to a child whose only space for recreation is a city street, 

a child who has access to a large vacant lot or an adventure 

playground, and a child who frequents Disneyland. It is not 

that there are many different "playgrounds," rather, the 

concept of playground enters the child's experience in many 

different ways and so gives rise to many different metaphor 

responses. 

The metaphor interview has a kind of ambiguity in the 

context of an experience. The student is asked to compare 

two terms: the term "seashore," of which something is being 

asserted, and the term "painting," used metaphorically to 

form the basis of the comparison. Words have a range of 

meanings, some may have new or original meanings while 

others may have familiar meanings. The force of the 

metaphor depends on the respondent's uncertainty as he or 

she wavers between the two meanings. The students' response 

should be viewed as the meaning, either consciously or 

unconsciously, that the respondent gives to the metaphor, 

The student's emerging response depends on the complexity of 

thought the metaphor stimulates and upon multiple 

characteristics of the student's thought. 

The students' interpretation of the term "playground" 

may be based on different kinds of experiences, as shown in 

the responses of two different students: 

The seashore is a playground. All the kids play 
on the beach. You find crabs, make stuff, teeter 
totter, make masks from wood, make sticks to hold 
fish. 

The seashore is a playground. 
beach a lot; catching animals, 
I fly my kite. 

J:lmmy 

I play at the 
looking at them. 

Dan 

Some of the experiential bases of Jimmy's metaphor response 

is obvious. For example, "All the kids play on the beach 

••• teeter totter" is an obvious statement of the 

recreational aspects of the seashore. "You find crabs, make 

stuff, make sticks to hold fish" is an obvious statement of 
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the utilitarian aspects of the seashore. While some of the 

experiential bases of Jimmy's metaphor responses is obvious, 

some of the experiential bases of Jimmy's response is not 

obvious. The statement "making masks from wood" is an 

implicit statement about the spiritual aspects of the 

seashore that is grounded in cultural experience. Stronger 

corroborating evidence comes from other examples of 

attaching spiritual significance to the seashore. For 

illustration, during the field study phase, the following 

data were collected from the Salmon Cove native Indian 

teachers: 

Jimmy is a full-status native Indian living 
with his very traditional native Indian 
grandparents. The grandfather dances a lot 
in the bighouse. Jimmy was a good dancer in 
the primary grades. 

In the above data Jimmy's reference to "making masks 

from wood" is most likely a statement about the spiritual 

aspects of dancing in the bighouse and attending potlatches. 

This datum suggests that some metaphor responses can only be 

categorized and adequately represented when additional 

information concerning the student's social and cultural 

background is taken into consideration. 

There is another way the students' metaphor responses 

illustrate why it is important to categorize in terms of 

entire domains of experience. Jimmy's reference to "you 

find crabs" is very different from Dan's reference to 

"catching animals and looking at them." At first, the two 

statements appear similar in their experiential bases. 

However, important experiential di.fferences become clearer 

when additional information is taken into consideration. 

For example, from the metaphor interviews Jimmy makes 

numerous references to ''finding crabs", "catching fish", 

"checking his crab traps", "eating them" and "making a lot 

of money". By sharp contrast, Dan makes numerous references 

to "finding crabs", "catching animals", "looking at them", 

"learning about them", and "letting them go". Also, when 

asked to draw a picture of a crab at high tide and at low 

tide, Jimmy was the only student to draw an edible crab 

(Dungeness crab), while Dan drew the common purple shore 

crab. Jimmy's reference to "finding crabs" is most likely a 

statement about the utilitarian aspects of an experience, 

while Dan's reference to "catching animals and looking at 

them" is most likely a statement about the scientific 

aspects of an experience. This is important, because many 

times clues to a student's own understanding of a reference 

were found when it was related to similar references in the 

student's entire set of metaphor and literal responses, and 

to interviews with elders and school officials in the 

community of Salmon Cove. 
Identifying the Students' Deliefs 

In attempting to identify and analyze the students' 

beliefs about specific seashore relationships before and 

after instruction, the interviews has to be designed to 1) 

explore the students' beliefs about specific seashore 

relationships, and 2) use accepted science concepts related 

to beach ecology as a standard to compare and contrast the 



students' ideas and beliefs. For example, the metaphor "The 

seashore is a hotel" was used to highlight the concept of 

habitat, "A seagull is a robber" to highlight the concept of 

predator-prey, "The sun is a factory" to highlight the 

concept of energy. 

After looking for patterns in the students' responses, 

a number of specific beliefs were identified which students 

held about seashore relationships. The beliefs listed below 

illustrate the responses students gave to the metaphor 

questions: 

Death 

The seashore is a 
graveyard. Some whales go 
up on the beach when their 
time is up. They go up on 
the beach and die, 

Habitat 
A cobblestone is a hotel. 
Under the rocks there's all 
sorts of little things 
crabs, sand fleas, eels. 

Predator-prey 
A starfish is a can opener. 
It can open clams, mussels, 
and many other shellfish. 

Recycle 

A crab is a garbage collector. 
It picks up anything that's 
dead to eat, because it's 
scavenger. 

Energy 
The sun is a factory. It 
seems like a factory because 
it's producing things, like 
helping plants grow. 

Community 
The seashore is a town. It's 
like the little animals are 
all together in a community. 
Like under a rock it's just 
like there are different 
animals: shore crabs, 
limpets, hermit crabs, eels, 
snails, all living together. 

When attempting to comprehend and adequately represent the 

students' beliefs, their metaphor responses were categorized 

according to the criteria that best described the basic set 

of ecological concepts. While some of the students' 

responses are explicit statements about specific concepts 

and are reasonably easy to categorize, other responses are 

implicit statements and are more difficult to categorize. 

The Metaphor Interview as a Research Tool 

Metaphor interviews enable researchers to examine 

aspects of the cognitive system which are often masked by 

more conventional approaches. In addition to probing for 

beliefs, the metaphor interviews probed what the students 

think is desirable and how they felt. The metaphor 

interviews did more than probe for single beliefs or single 

values or single emotions. By asking the students to 

project responses onto metaphors in an imaginative way, the 

students were less likely to be consciously aware of the 

beliefs and values that they were communicating. The 

metaphor interviews allowed the study of how, in most 

situations, a complex cluster of beliefs, values and 

feelings influenced the formation of the students' response. 

One of the more useful features of the metaphor interview is 

that it allowed an analysis of "preferred" beliefs and 

"preferred" orientations. It allowed an analysis of the 

relationship between the students beliefs about the 

seashore, their preferred orientations, and the type of 

instruction that occurred. 

The students' metaphor responses also illustrate 

another very important aspect of children's conceptions of 

the seashore--that is, the importance of the two-sided 

nature of their thinking, On the one hand there is 

extensive use of sensory-based experiences (eg., the 
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references made to "playing at the seashore", "finding 

crabs", "looking at them"), while on the other hand the 

children used images embedded in specific social or cultural 

context (e.g., the reference to "making masks from wood", 

"legends", and "totem poles"). The students' metaphor 

responses allow researchers to get at modes of thinking, 

that are grounded in the students' previous physical, 

social, and cultural experiences with a richness of detail. 

The students' metaphor responses express the particular 

qualities of experience. What are the particular qualities 

of Dan's scientific mode of inquiry and his intimate 

relationship to the seashore? What are the particular 

qualities of Mary's enjoyment of the peaceful and pretty 

aspects of the seashore? What are the particular qualities 

of Luke's relationship to the supernatural animals and 

events in nature? In revealing these expressive qualities 

through metaphor interviews, educators have the opportunity 

to participate vicariously in the lives of students, to 

acquire an empathetic understanding of these situations that 

are important in the lives of their students. 

What characteristics of the metaphor interview allowed 

the illumination of beliefs and orientations? One of the 

most important characteristic of the metaphor interview is 

that it is non-directive. The metaphor question suggests, 

it doesn't define. Hence, the students have to define their 

preferred relationship to the seashore. There is a 

connection between the characteristics of metaphorical 

thinking, which are essentially relational in nature, and 

the responses obtained by metaphor interviews. The metaphor 

interview allowed the analysis of relationships such as: I) 

a student's comprehension of the relationships among 

concepts, 2) a student's own relationship to the phenomenon 

under study, and 3) a student's relationship with others in 

social and cultural situations. The students' metaphor 

responses illuminated whether the students' relationship to 

the seashore is passive, active, dominating, positive, 

negative, and so on. 

Metaphor interviews may have implications for 

multi-cultural education by allowing researchers to 

understand the thinking of students with different social 

and cultural backgrounds. In this study, both Jimmy and 

Luke are native Indians. Both students have writing, 

reading, mathematics, and science skills which are well 

below grade level, as evidenced by their report card grades 

and achievement test scores. Yet both students gave 

responses which allowed an anlysis of their beliefs and 

orientations. The metaphor interview is one possible 

assessment tool that takes into account the linguistic and 

socio-cultural background of the child. 

Metaphor interviews could be used in large urban 

centers, in rural settings, and in isolated coastal fishing 

or native communities. They can be linked to a sampling 

strategy to provide important qualitative data that is 

holist1c nud episodic. The discourse of students struggling 



to increase their understanding of science concepts adds 

humanistic understanding to quantitative research. 

Metaphor Interviews and Future Research 

A variety of questions about metaphor interviews needs 

to be explored. How can metaphor interviews take into 

account linguistic differences? Do students of different 

ages and developmental levels need different metaphor 

questions? Can metaphor interviews be quantified? 

Clearly, some students may have more ability than 

others in responding to metaphor questions about particular 

aspects of reality. Metaphor interviews need to be 

developed for students with different metaphorical abilities 

and experiences. To do this, the abilities and preferences 

to express ideas in metaphorical fashion need to be explored 

for students of different ages, sexes, and social and 

cultural groups. For example, in the pre~ent study, a 

single metaphor question such as: "I would be an eagle, a 

raven or seagull" appealed to students of all ages, 

especially to primary children, wherea~ a double metaphor 

question: "I am to the seashore as a driver is to a car, a 

passenger is to a car, a mechanic is to a car", seemed to be 

difficult for students under grade five. There are metaphor 

interview techniques which seem to be more appropriate for 

students at different developmental levels. This finding is 

consistent with other research indicating that children's 

ability to handle more demanding metaphor comprehension 

tasks increases with age (Johnson, 1983; Marschark and Nall, 

1983; Vasniadou and Ortony, 1984). In addition to exploring 

a wider range of language metaphor questions, researchers 

need to explore a range of non-verbal metaphor formats as 

well--the use of pictures and role-playing in probing for 

preferences. Such research is currently lacking in science 

education. 

In spite of the apparent desire of many researchers to 

try and assign numbers to any construct, there needs to be 

caution in attempting to quantify the students' metaphor 

responses. Because orientations have a certain stability 

and coherence, they appear easy to classify into categorie~. 

In reality, orientations seem to be quite context dependent 

and the researcher must have appropriate knowledge and 

experience with the contexts to categorize the students' 

responses. Hence, the task of simply counting responses in 

a given category will be neither very informative nor 

particularly valid. The richness of the metaphor interview 

is its potential to illuminate personal perceptions, 

feelings, and value preferences. 

The development of a sensitive metaphor interview and 

the analysis of responses depend on an understanding of the 

respondent's physical, social and cultural experiences, the 

curriculum as presented, and so on. For instance, in the 

present study, this analysis requires knowledge of the 

social and cultural milieu of Salmon Cove, as well as 

fishing methods and the state of commercial fishing in 

British Columbia, the instructional concepts of interest, 
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and knowledge and experience of the seashore. This suggests 

that the analysis of data is not a simple coding schedule 

which can be picked up in a 30 minute training session. An 

inter-rater reliability category system may be possible and 

desirable in some future studies, if it presupposes a 

holistic understanding of complex situations. A sensitive 

coding schedule would require a careful examination of the 

contributions of context to the students' metaphor response. 

As the use of a metaphor interview described in this 

paper rests on data collected through a small interview 

sample, the need for more extensive research is obvious. As 

such, it suggests that educators in all subject areas need 

to explore this research frontier. The use of a metaphor 

~nterview is one important way educators can monitor and 

resolve conflicts between the beliefs and values that 

students bring to instruction, and the concepts taught in 

the classroom. 
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SOCIAL EFFECTS AND PERSONAL COGNITIVE STYLE 

Joan Solomon 

University of O>:ford. Ul< 

Rational personal constructivism 

Even at the First Symposium, now four years into the past, 

it was clear that there were many different approaches to 

the study of children's ideas about scientific matters. In 

any early pre-paradigmatic field of social r·esearch the way 

to start, it seemed, was to listen attentively, with 

respect, and with as little in the way of p;-econc:eived ideas 

as possible, to the words of tile subjects themselves. 

Educational researchers from many countries had indeed been 

doing just this, and the collection of papers which resulted 

is still a rich repository of primary research data. 

But this was not the whole story. The very respect which is 

so essential for an ethnograpic: study had itself engendered 

a theoretical perspective. Heated discussion between the 

symposium par·tic:ip"'nts concerning the use of labels such as 

"misconceptions", "preconceptions", and "alternative 

frameworks" showed that different schools of intet-pretation 

had begun to surface. The ethnographic: methodology, because 

it used the comments of individual students, and was often 

carried out by those trained in science, gave rise to a 

strong rational personal constructivist position. This was 

first seen, perhaps, in a paper about concept.ual change by 

S tt-ike and Posner (1 '782) where the authors based their 

argum~nt on the t-ationilhty of students - "being rational 

has pt-imarily to uo with how we move from one view to 

another". This notion that each child oper·ated quite 

logically moviny from one theoretical position to another 

according to the weight of experimental evidence, was 

probably derived from the Personal Construct Theor·y uf Kelly 

(1955): Pope <19821, for e>:ample refered to the students' 

"causal e:·:planatory systems" and Osborne and Bell <1983) to 

"Chiluren's Science". 

There is a ~trong anecdotal tradition of thought, or 

"gedanken", E!>:perimenls in physics (Helm and Gilber·t 1985)1 

.. ,hich is popul<:.rly e>:emplified by the story of the young 

Einstein imagining what it might be like to chase after a 

beam of light at a speed approaching that o·f light itself. 

There are a few other such historical stories, each one 

memorable and insightful espec:iall y when us ell in the 

rational tradition of "reductio .1d absurdam" to p.--oduce 

valuable new knowledge. Perhaps ·they are ac:tuilll y more 

famous than they deserve to be, and encourage us to 

recognise a comparable! rationality in the fluid inventions 

of students. The child who approaches anywhere near this 

kind of rationality in their own musings is rare inlleetl. 

Inter·viewers in the ethnographic tradition certainly met 

with plenty of homespun ideas but, as the talk continued, 

the students often moved from one to another, at some times 

obligingly constructing a ne .. 1 one frnm scratch to ~atisfy 



the questioner. More than one researcher has had the 

experience of the previous day's interviewee rushing up with 

cries of "I have 1~orked out a better answer to your 

question'" 

Personal rationality was thought to be applied to the 

students' own motor e>:periences, although no examination of 

customary knowledge of familiar actions was made directly. 

Evidence certainly turned up in the interview transcripts 

where students made reference to what they had seen or done, 

and this was accepted as the raw data from which their 

subsequent constructions flowed. But how or when this 

modelling from observation or- action was made did not then 

seem to be an important part of the research programme. Now 

however we can see that verbalised ideas are at a far remove 

from raw experiences both because they need to be 

constructed in words and probably talked over with others, 

and also because the repetition of customary physical acts, 

through their sheer familiarity, often seem to make them 

opaque to e>:planation. Thus craft or body knowledge may 

simply remain within the memory as non-verbal "Tacit 

Knowledge" (Polanyi 1958) which is hard to relate to the 

personal construction of ideas. 

The rational personal asp1~ct of knowledge was also being 

challenged by awkward empirical results. Careful 

exploration of how students cope with problem solving (eg 

Viennot 1979 and Champayne and Klopfer 1980) had shown 

clearly that students did not apply their ideas 

consistently, even when the scientific problems being 

discussed were very similar. In a theoretical paper based on 

South African data Hewson (1981) accepted that taught 

scientific ideas could oust, be defeated by, or even live 

alongside the childrens' own notions. If rationality did not 

govern the young students' subsequent learning of science 

was it right to assume that these persistent and widespread 

pre-instructional ideas had been severally formulated to 

pr·ovide personally satisfying rational systems of 

e>:planation? 

The •:;ocial construction of meaning 

On~! obvious question which the personal rational position 

found difficult to answer was why particular constructs are 

sa widespread - at least "1ithin one culture or one language 

group. The last seminar heard about quite different ideas 

about energy which were widely held by German, British and 

Philipino students <Dui t, and Solomon) 

Children are great social communicators long before they 

learn about scientific ways of constructing theories. Social 

interactions are based on empathy rather than consistency 

because they depend on the shared understanding of meaning. 

Not just children but all of us strive hard to fit into the 

general scheme of what is being discussed, and we also rely 

very strongly on messages of recognition, understanding and 
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support which come back to us from others when we speak 

about our experiences. Back in 1934 Mead had written that 

social interactions are responsible for the appearance of 

new objects in the field of our e>:periences and indeed that 

"objects of common sense" can only exi~t through this social 

communication. Both he and Schutz <1973) wrote of the 

"interchangeability of perspectives" with others who have a 

social relationship with us. If the construction of the 

meaning of an e>:perience takes place within a group of 

friends it is small wonder that students' notions are found 

to be common to many. If the art of changing perspectives is 

a prized empathic skill in social circumstances it also 

e>:plains why students' explanations can be so inconsistently 

applied without causing them any apparent cognitive 

discomfort. It was this line of argument which I presented 

at the last symposium to explain the curious data recorded 

in group discussions on the topic of energy. Since then the 

work of the CLIS <Children's Learning In Science) project 

has set out to document classroom interactions between 

students in order to monitor the changing conceptions of 

British school pupils as they learn science in the teaching 

laboratory. 

The linguistic and cultural aspects of the social 

construction of knowledge are a field of study in 

themeselves. Some idea of the daunting scope of this field 

is to be found in a recent review article Social Influences 

on the Construction of Pupils' Understanding of Science 

Solomon 1987. It is altogether too large a subject to be 

considered in this article. 

Persnnal styles of verbal e>:pression Electricity. 

To these three perspectives - personal rationality, 

experiential actions, and social mediation - some more need 

to be added. What I have in mind are individual in character 

but not related to rationality of construction as much as to 

other personal traits. Some of this may relate to the kind 

of work on cogitive style carried on by Pascual-Leone et al 

<1978) 7 Case and Globerson (1974) and diSessa <1984) 

although I would be chary of using such sharp notions as 

"field dependency", or "problem-solving strategy" in too 

prominent a fashion. Instead I 1-1ould e>:plain personal style 

in a more general and commonplace way - as the choice of 

verbal, mathematical, or visual modelling which seems 

appropriate to any individual student. 

This area is so fluid and idiosyncratic that it is hard and 

perhaps misleading even to try to discuss it in any 

theoretical way. Instead I ~lant just to describe some data 

obtained by the British STIF: <Science Teachers In Research) 

group in the field of electricity. These are to be found set 

out in greater detail in Solomon et al <1986> and Solomon et 

al (19871. 



The study of pupil::;' view of electricty was carried out 

among Grade 6 students who had not yet been taught a formal 

school course about electricity and Grade 8 students who 

had. It took place in four different schools by means of a 

variety of tests. In the first place the stLtdents were asked 

to give a piece of free writing about electricity, then to 

use simile to descr,ibe what they thought electrcity was 

like, and then to put a ring around the places in a set of 

four drawings where they thought that the electricity might 

be located. In a follow up e>:ploration of the responses to 

these sections a serie!S of group interviews were carried 

out. 

In the earlier paper <1986> the results of a network 

analysis oi' the free wr1ting showed the similarity of the 

views and beliefs al!out electricity given by the two groups 

of children. We assumed from this that these were socially 

derived notions which had proved either resisitant to or 

emotionally more salient than the teaching given at school. 

The main areas used in the analysis were USE, DANGER, SUPPLY 

and PHYSICS <this latter to be tal(en very loosely as being 

an early attempt at conceptual formulation). We were 

intrigued at the large category of grade 6 responses in the 

DANGER category, which had diminished significantly two 

years later. The repetition of phrases used "'ICiiS striking and 

sugge!.itive of social •naxims ("You cant mi>: electricity and 

water", and "Electricity is very useful to us") 

In the simile section of the paper we observed a signifcant 

change over the two years only in agreement with proposition 

that electricity was like a river .•• "because it flows". 

Was this the result of school teaching or ccess to new 

vocabulary and its latent analogies? 

After this preliminary analysis had shown both the 

background of socially acquired knowledge and the very 

slight conceptual advance produced over the two years, we 

began a second tier O'f analysis to answer the following 

questions: 

What might have caused the fear of electricity which 

seemd to underly the DANGER statements? 

Was there any structural difference in the way the 

twa year groups expressed themselves in their writing? 

Was the correct use of simile an equal problem to 

both year groups? 

We sought an ans"~er to the first question partly by group 

interviews of "fearing" and "non-fearing" students (as 

defined by the number of DANGER statements made), and partly 

by internal evidence within the questionnaire. We found that 

having had an electric shock was not a significant factor in 

being fearful, but that not having full parental licence to 

use elelctrical appliances unaided was. We also found that 
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these fel;sring children were much more likely than the others 

to place a ring around the plug of a disconnected table 

light as a place where there was elelctricity. 

We deduced from this that familiarity with the use of 

electricity had moved the locus of electricity from touching 

the plug to engaging it in the socket. Here were indications 

of a change in conceptual understanding very nicely related 

to motor learning. 

Examining the sentences from e~ syntact:ical point of view 

proved interesting. We employed t:he categor·ies -

CAl "I", "we", or People as the subject of the sentence. 

(Bl "Electric.i t y" is the subject of a subjective judgement. 

CCI "Electricity" is the subject of a factual sentence. 

CDI "Electricity" is the subject of an attempted definition 

using the verb to be. 

CEl "Electricity" is the subject of an operational 

definition using a verb other than "is". 

This analysis showed a regular age progression. It was was 

similar to one found by Kempa and Hodgson C1976lin sentences 

written about the nature of acids, in ll'lhich these authors 

had found an age progression which did not seem to be 

related to high and low scorers in an IQ test. 

The nearest we had come to setting an intelligence test was 

the use of simile, and this was itself fortuitous. We were 

surprised how many mistakes in the operation of a simile 

ll'lere made. This skill at finding a quality through which t.o 

compare two objects also showed significant development from 

grade 6 to the grade 8. However it was interesting to find 

that, within any one year group, there was no significant 

correlation between ability in the use of a simile and the 

hierarchy of sentence construction. 

This conclusion was intriguing ar:1d difficult to categorise. 

On the one hand progress in written descriptions of 

electricity might have been the result of social influences 

- the way in which peet~s or family habitually speak 

affecting how the child's sentences were constructed. On the 

other hand it could have been a simple expression of 

different verbal style, unrelated to analytical prowess. The 

work on electricity was thus completed without giving any 

way to distinguish between these two alternatives. 

Personal styles of non-verbal eJ·:pressions Light 

A small study of Grade 8 students beginning their first 

course on Optics was carried out in one British school. 

Before the course began the students were asked to discuss 

what they knew about light and then they were given coloured 

pencils and asked to draw a picture of a sunset putting in 

all they could about light. In their first lesson the same 

students were given a ray box and a lens which enabled them 



to trace diverging, converging and parallel beams of light 

across a piece of paper. They were also asked to obtain 

shadows with each kind of beam. There was no overt 

instruction on shadows but the students were asked to 

observe the nature of the shadows produced. Shortly 

afterwards they were asked to draw diagrams to show why a 

person's shadow was differ·ent in the morning when the sun 

was high in the sky, and in the evening when it was lower 

dawn. Then they were asked, in the ne>:t lesson, to write 

down what a shadow was. These three sets of data were then 

compared. 

The collection of coloured pictures ranged from a lurid 

orange ball cut in half by the horizon, to more complicated 

sea or landscapes in which several other objects were 

sketched. Since the students had been asked, at least twice, 

to show all they could about light in their· pictures, these 

were simply categorised into ones where light effects were 

shown - lighter and darker shading on the sides of objects 

or clouds, shado.,.•s or paths of light across the sea (a corny 

but common theme!) and others which showed no light 

effects at all apart from uniform sunset colours. 

The diagrams of shadows were surprising. Some used rays or 

the position of the sun to locate the shadow; others did 

not, and even drew the shadow as a black shape completely 

separated from the person. In the written e>:planation it was 

again possibe to see two main categories of response, those 

who spoke of a shadow as where the sun's light was blocked 

out, and those who simply referred to a shadow as an image, 

shape or reflection of a person without any causal reference 

to the sun or its light <Solomon 1986). A comparison between 

these two pieces of work on shadows showed a high and 

significant association - Q=O.Bl +/- 0.14 (n=36). This 

seemed to show that the analytical approach could display 

itself in both words and simple diagrams. 

However when the coloured pictures were examined no 

significant association of any kind could ba found. These 

were obviously not diagrams and although it was quite 

possible to pick out the ones "'here light and colour effects 

of the setting sun were faithfully reproduced, they were as 

often given by students who thought non-causally about 

shadows, as by those who later carefully drew in rays of 

light in order to define the shape and size of shadows. We 

might perhaps conclude from this that those who are 

entranced by coloured effects and remember them well, do not 

necessarily Cilre to think in an explanatory way about them. 

It might be typified perhaps by Leonardo da Vinci's minute 

exploration of the blueness of distant vistas and the 

colours within shadows, as compared with Isaac Newton's 

preoccupation with using his particle theory of light to 

explain refraction and disj.Jersion. 
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science for citizens. 

so, four years on from the First International Symposium, it 

seems that the task of understanding school students' 

notions may be even more formidable than we had then 

supposed. Personal rational constructivism would have been a 

relatively easy item to have absorbed into science 

education. Without it we ar·e thrown back on to socially 

mediated meanings. This no·t only presents more difficulty 

for understanding the fluid notions of students, it also 

gives us the harder job of introducing them to a new way of 

thinking which is more rational and more conte>:t-independent 

than they have ever encountered before. Aikenhead <1986) has 

documented the gross misunderstandings that even Grade 11 

students have about the nature of scientific knowledge and 

has claimed that this, mor·e than any other, is the most 

crucial and basic task for science education. 

There is one more reflexion on personal cognitive style that 

might well link up with the previous point. It seems likely 

that if a topic in science education has either emotional or 

evaluative overtones it will also engage individual students 

to a different e>:tent in accord with their different 

personal reactions. We have only to reflect on the enormous 

difficulties encountered by Kohlberg in his attempts to 

categorise students' responses to moral problems to see yet 

another faculty that does not correspond to the usual norms 

of cognitive development. This would then make another 

dimension to personal cognitive style wh1ch might become 

very important when, for example, environmental or nuclear 

issues were being considered during science lessons. 

The public understanding of science in these crucial areas 

is of special importance to our nations. Its difficulty is 

confounded by a lack of understanding about the rational but 

incomplete nature of scientific knowledge, as well as being 

coloured by a variety of different personal perceptions. 

Like other aspects of learning it is mediated through social 

interactions. Whatever way we look at it the science 

education of our future citizens is a superbly challenging 

task' 
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ACQUISITION OF CONSERVATION OF MATTER 

Ruth Stavy, School of Education, Tel-Aviv University 

Accordine t•l Piaget, quantitative cumH!rvation is possible 

at th~ concrete operational stage when children possess 

reversible logical operations (compensation, n~gation, identity 

or addi tlvi ty). In our previous research ( Stavy and Staclt~l 

1985.), as in many oth~rs (Lovell and Ogilvie, 1961-62; 

Uzigris, !964), it Wi-\9 found that, a!! opposed to what i,; 

expected according to Piaget ',; ti tage theory, children can 

conserve weight in som~ tasks but not in others. 

Lovell and Qsilivie explain this horizontal decalage by 

saying that although logical thinking is an essential condition 

for weight conservation, it is not enough. Experience in the 

physical world has a much larger role than expected, therefore 

conservation does not develop in an all or none process but is 

developed gradually, Inhelder Sinclair and Bovet (1974) claim 

that during the process of constructing their knowledge, 

children come across much risistance from their surrounding 

which is the cause for horizontal decalage. 

Another approach to conservation of weight problems will 

be presented in this pap~r. Misconservation will be presented 

and interpreted in terms of specific alternative conceptual 

framework. Thus, the development of conservation of weight in 

different transformations of matter will be described and 

discussed. Educational implications wi!i also be discussed. 

Methodology 

The Sample 

The sample included students of middle class population 

from the first grade (ages 6-7) until thl! nlnth grade (ages 

14-15). Each age group comprised 20-25 stuchmts, l~•1ch student 

was interviewed independently while bein~ showed the material.; 

and the processes. Each student was asked only two of the 

tasks. 

In the seventh grade students ln Israel study the chapter 

"The Structure of Matter" (Or paz, Ben-Zvi) which deals with the 

particulate theory of matter, in the eighth grade they study 

the chapter "From Elements to Compounds" (Arazi, Sivan) which 

deals with elements and cotnpounds, the periodic table of the 

elements and elt!ctrical phenomena of matter. 

The Tasks 

a. 

b. 

2. 

Melting task: 

Candles: Two indentical candles were given to the child 

who was asked to judge the equality of weight. One of th~ 

candles was then melted and the child was asked about the 

equality of weight and about the reversibility of the 

process. 

Ice: The child was presented with two identical test 

tubes • Each contained an equal amount of ice, The child 

was asked to judge the equality of weight, The ice in one 

of the test tub~s was melted and the child was asked about 

the equality of weight and about the reversibility of 

process. 

Evaporation tasks: 

Acetone: The subject was presented with two closed 

identical test tubes. ~ch contained an equal amount of 

acetone (one drop). The subject was asked to judge the 

equality of weight. The acetone in one of the test tubes 

was heated until it completely evapoatated, The student 

was asked about the equality of weight and about tht:! 

reversibility of the process. 

Iodine: The subject was presented with two clot;ed 

identical test tubes, each containing an iodine crystal 

(two equally siZt!d crystals). The subject was asked to 

judge the equality of weight. The iodine in one of the 

test tubes was heated and turned completed!y into purple 

gas which filied the whole volume of the test tube. The 

subject was asked about the equality of weight and about 

the reversibility of the process. 



C• 

d. 

Dissolving of ~ugar task: 

The subject was pru~;ented with two identical cups 

containing equal amounts of water and with two identical 

tea spoons containing equal wnounts of sugar. The child 

was asked to judge the equality of weight of the two 

systems. One tea spoon of sugar was put next to one of the 

cups and the secuncl w;"; <I l,;solved in the water in the 

second cup. The child was asked about the equality of 

weight of the two systems. 

Expansion of Water task: 

The subject was presented with two small vials each of 

which was filled to the top. A rubber stopper with a hole 

in it was placed in the v ia1 1 s opening and a thin glass 

tube was inserted into the hole of the stopper, so that it 

slightly entered tht: vial. One of the vial was heated and 

the water rose into the tube. The child was asked about 

the equality of weight of the two vials. 

Results 

A. Conservation of Weight in different types of 

transformations of matter. 

The classic task concerning weight conservations developed 

by Piaget, is that of the plasticine hall deformation. Six 

to seven year old children succeed in this task using 

explanations of: identity (it is the same plasticine); 

reversibility (the bali can be changed back); compensation 

(there are more pieces but they are smaller); adrllti.vity 

(nothing wall added or substracted). This means that 

children at thlY ddt! have the logical ability to deal with 

.certain weight con11ervation tasks. 

When children are presented with weight conservation ta11ks 

which involve change of state their responses are 

different. As apposed to the linear curve of development 

in the success of the plasticine conservation task (with a 

ri~e from 20% to 80% in the second grade), the development 

curve with regard to the success of the ml!Jt ing of ice 

task is not linear, but rather is an S- shaped curve with 

a sharp rise at the third grade (5% - 45%), a shoulder and 

a second ri:~e at the fifth grade (55% -75%). The 

evaporation of acetone task shows a linear rise from 0% -

80% from fourth to ninth grade. It seems, therefore, that 

the capacity to conserv~ wieght depends on the nature of 

the transformation. It is first expressed in the case of 

the simple change of translocation, then in the process of 

change of 11tate from solid to liquid and finally in the 

process of change from liquid to gas. {see fig. 1), 

Insert Fig. 1. 

The majority of students who did not answer correctly the 

melting of ice task believed that ice is heavier than 

water or that water has no weight. Few of the younger ones 

believed that water is heavier than lee. With regard to 

the evaporation of acetone task Lhe younger students in 

the sample tended to believe that gas has no weight and 

the older ones that liquid is heavier than gas. 

The development of conservation of weight in the processes 

of dissolving sugar in water and expansion of water by 

heat are very similiar to the development of conservation 

in the melting of ice task (Fig.2) 

Insert Fig. 2 

The younger students who did not respond correctly to the 

sugar water task believed that the sugar water is heavier 

than the sum of the weights of sugar and water because 

"sugar is heavy and it makes the water heavier", The older 

ones tended to believe that the sugar water is lighter 

than the sum of the weights of sugar and water because 

457 



458 
"the sugar becomes smaller and smaller until it 

disapears." 

In the expansion of water task the majority of students 

thaught that the hot water is heavier because its volume 

is expanded. But few of the older student (gradt!tl eight 

and nine) thought tlu1t "cold water is aiways heavier" and 

some even explained that the density of coid water is 

larger. 

It seems that children construct a set of intuitive rules 

or propositions regarding the correlation between the 

wei:;:ht of matter and its state. The rules found in the 

case of evaporation were : I - gas has no weight; II -

gas always weighs less than liquid; III - the weight of 

gas is equal to the weight of the liquid from which it was 

made. The following rules were found in the case of 

melting: 

I - liquid weighs more than solids; II - liquids has no 

weitht; II I - liquids weigh iess than the so lids; lV - the 

weight of a liquid is equal to that of the solid from 

which it was formed. 

Sl•uilar rules were found regarding dissolving of sugar in 

water (which might be percieved by students as melting): I 

- sugar water is heavier than the total weight of sugar 

and water; II - the dissolved sugar has no weight; III -

the weight of the sugar water is smaller than the total 

weight of sugar and water; IV - the weight uf the sugar 

water is equal to the sum of the weights of the sugar and 

water. 

All these rules stem from intuitive feeling that children 

have regarding "lightness" and "heavyness" of matter (or 

qroups of materials) which is an intensive "quantity" or 

p~operty. The child refers to the intensive quantity 

instead of the extensive quantity, weight, about which he 

was asked. Can it be assumed that the c:h Ll.cl •l<Jes not 

properly understand the meanin~ of the term weight and 

thinks th•H weight rt!fers to the specific weight of the 

material? Thil:l is almost definitely not the case. It is 

clear that from a very young age children understand what 

the weight ur heaviness of an object is, and know that a 

large body of a certain material is heavier than a smaller 

body of the same material. A reversed behavior was 

observed by Piaget and Inhelder ( 1974) ;tnd Megged ( 1978) 

who studied the development of children's concept of 

density. (see Fig. 3). 

Insert Fig. 3 

Children were asked about floating or density an 

intensive property of matter 1 and they responded as if 

they had been asked about weight which b; an e>e:tensive 

property of mattt!r.For example, children were presented 

with two pieces of iron, one waB a large and heavy cube 

and the other was a pin. The child was asked to predict 

whether the object would sink or float. Ghlldren under the 

age of twelve thought the pln would float since it was 

light and "light things float". It is possible to explain 

thio; difference between the reBponses as follows. The 

major change in the case of evaporation is change in the 

state of matter which is expreBsed as a change in density. 

While in the case of floating the main change is in the 

size 

that 

or weight of the piece of matter. It is 

children'B cognitive system iB affected 

poBsible 

by the 

changing dimension, such aB density, and regards it as the 

s l~nlficant dimension in the problem and looks for ties 

which are appropriate to the situation. And indeed, some 

of the rules presented here are correct in other 

situations. There is no doubt that studying chemistry in 

the seventh and eighth grades might reinforce these rules 

(for instance "gall weighs less than liquid" or "liquid 



B. 

weighs less than a solid"). Apparently the term "weight" 

is connected in the child's congnitive system with 

"specific weight" and "absolute weight" (and probably also 

with other "weight" aspects such as swings, balance 

scales, free faLl, etc.) These terms are not defined well 

enoueh and as long as they are not fully differentiated 

the child can use them according to the specific 

characterictics of the sitnatlnn. 

The effect of context on weight conservation. 

Children' a re11ponses to tasks which are essentially 

identical such as evaporation of acetone and evaporation 

(or sublirnatl•Jn) •Jf iodine were coJUpared. The iodine, as 

opposed to the acetvne has r.olc:>r ;~q.j can be seen in its 

gaseous state. As can be seen from Fig.4. many more 

student!! in the fourth to seventh grade conserved the 

weight of iodine, than they did with regards to acetone. 

Insert Fig .4 

Children in this age group who conserved the weight of 

iodine and not that of acetone were clearly relating to 

the fact that they could see the material. They explained 

their answers with explaw.tL ions similar to those given for 

the weight conservation of the clay ball task (Piaget): 

"the crystal becomes crumbs so lt is exactly the same 

thing" or "the same thing that was in the crystal is in 

the tellt tube" or "since LhH crystal dissolved", 

From the seventh grade on, children begin to regard weight 

conservation of iodine in the same fashion that they 

regard acetone and their explanations are similar, "only 

the state of matter was changed" or "nothing was added or 

subtracted", A few children refered to particles and said, 

"the particles only got farther apart". Explanations to 

c. 

incorrect answers among this age group were also similar 

"gas is weightle11s" or "gas always weighs less than a 

solid". 

Apparently specific perceptual input from the task affects 

children's judgements. Beginning in the seventh grade the 

effect of perceptual input disappears aud the percentage 

of success in the two different tasks become parallel. One 

can assume that at that age all tasks of change of state, 

are represented in the same way and this may symbolize the 

beginning of formal conservaLicm. 

However, two melting tasks, l:h•· m•!lti.ng of ice and the 

melting of candle wax show closer developmental curvc!s 

( F' i.,::. 5). 

Insert Fig. 5 

And the developmental curves of success in the sugar water 

task, expansion of water task and evaporation of iodine 

task are similar to them. All these tasks are perceptually 

similar: they are concrete and involve change in the 

volume or organization of matter. Apparently, students 

relate to all of them in a similar way. 

Conservation of weight and Reversibility 

The understanding of reversibility was not found to be 

prerequisit to the capability of weight conservation. 

There were cases in which children conserved w" i:!;ht 

without understanding the reversibility of the process 

(melted candle, iodine sublimation) and (rare) cases in 

which the children understood the reversibility of the 

process but did not conserve weight. 

It turns out that the two d~velopmental curves of the 

success in the reversibility tasks - ( the evaporation of 

acetone and sublimation of iodine) - are very similar (see 

figure 6). Tile curves are Unear and have a sharp rise 

around age twelve-the seventh grade (at age fourteen a 
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fali appears which is difft!rent for each of the task>; 

apparently because of over sophistication and attention to 

technical details regarding the reversibility of the 

proceHti). Th~se facts suggest that children represent the 

reversibility tasks related to the process of change of 

state from liquid to gas in the same way and are not 

affected by perceptual elements of the task. It is 

possible that the understanding of the reversibility of 

the process which emerges at the age of 12 is a result of 

school learning in addition to the development of formal 

thinking. (The structure of matter, which deais with 

changes in stateH of matter, is taught in the seventh 

grade). The reversibility curve is almost identical to 

that of the conservation of weight in the acetone 

evaporation task, which is the most difficult of the task 

presented here. It is therefore possible that there is 

Insert Fig. 6 

some correlation between understanding of reversibility 

and the capability to conserve weight in cases in which 

there are no supporting perceptual elements, or during 

ages when these elements do not serve as supporting 

entities. The developmental curve of success in the 

reversibility of melting a candle also develops gradually 

from kindergarden until age fourteen. ( 6ee fig. 7). This 

curve proceeds that of reversibility of evaporation by 

approximately four years. 

In the case of meting ice majority of children betweeen 

the ages of slx and fourteen understand the reversibility 

of the process although many of them do not conserve 

weight during this process. It 1» possible that children 

of these ages do not have a general conception of the 

reversibility of tlu~ nt•~Lting process but judge each case 

specificaJiy. 

Insert Fig. 7 

lliscussion 

Piaget relates the capability of conservation at the stage 

of concrete operations to the development of logical 

operations. As it turns out these logical operations do not 

suffice to enable dealing with cerl~in conservation tasks. 

Specific knowledge about the change, and about the properties 

of the quantity in question and about the boundaries within 

which it is conserved is necessary. For instance, the mass and 

weight of matter are conserved during a change of state though 

its volume is not. From a logical point nf view the same 

logicai claims of reversibility, identity and additivity can be 

made regarding mass weight and volume. In addition, in many 

cases of chemical changes considerations of reversibility or 

identity cannot be made (there are irreversible processes and 

the identity of matter is not cm1serv•!d during chemical 

processes); none the less, matter is conserved. 

Many scient ill ts r·~gard the laws of conservati<)ll as 

empirical laws which state that for H ~iven system of objects 

there exist measurable quantities whose total amount does not 

change. The laws determine the conditions in which each 

quantity is conserved • 

In his book "The Various Language", A. Arons (1977) wrote: 

"The law of conservation of matter cannot be proved to be true 

by some system of deductive reasoning from more fundamental 

principles ••• it is induced frllm a llmited amount of empirical 

data. We have, however, over a period of 200 years come to hold 

a very deep belief of its validity". 

Obviously children do not have directed empirical 

experience which would iead them to the laws of conservation. 

Apparently the iogical operations which develop with the 

development of concrete operational thought, are those which 



enable children at age1:1 six and seven to solve certain problems 

of conservation, The quest ion arises: Why don't children use 

the11e logical operations in order to solve other conservation 

problems? 

In this paper we have demonstrated that children solve 

certain conservation problems without being able to solve 

others. We have also shown that in addition to the logical 

operations related to conservatlon, children have much factual 

knowledge about matter which changes with age and possibly as 

a re11ult of formal schooling. We will try now to answer the 

question posed above. 

As a result of an internal representation of a problem a 

pen;on (or a child) is faced with, many different bits of his 

knowledge are activated or aroused. These bits of knowledge 

compete with one another over the problem solving mechanism in 

such a way that the strongest knowledge relevant to the 

problem, at a given moment, overcomes all other bits of 

knowledge. The strongest knowledge relevant to the problem will 

be that which will affect the person in his solution of the 

problem. So even if the appropriate knowledge exists in the 

cognitive system it will not always be expressed in solving the 

problem. This explanation enables us to understand the 

horizontal decalage found in this research and others regarding 

weight conservation problems, and the non-linear development of 

the success in these tasks. For instance, half of the children 

above the age of seven conserved weight in the melted candle 

task using logical additivity justifications, the other half 

used their knowledge that a solid candle was heavier, whereas 

they all responded correctly to the weight conservation task 

with the plsstlcine. In the case of the plasticine apparently 

no competitive knowledge is activated which explains the high 

degree of success. In the case of the cand I.e two sets of 

knowledge of equal strength are probably used. 

Among the older children (ages eight to nine) the 

knowledge that the solid candle is heavier strengthen!l as the 

result of experience in the physical world and successful use 

of thh knowledge in solving other types of problems (solids 

usually have higher specific weights than the corresponding 

liquids), so the percentage of success drops and then rises 

again in the sixth and seventh grades (ages eleven and tvelve) 

when the knowledge that solids are heavier is channeled to 

relevant problems and no longer competes with the logical 

operations relevant to conservation. This process of finding 

the boundaries within which one's knovledge is applicable may 

lead one to identify (even unconsciously) a problem and relate 

to it according to its type or category (even if the response 

is incorrect). In such a case the person's response will not be 

affected by irrelevant perceptual information and the solution 

will deal with the type and essence of the problem - that is a 

more formal or abstract response. In addition, the different 

bits of knowledge may get temporary support from immed late 

perceptual inputs of the task verbal, visual or that which is 

related to the dynamic aspect of the task, In summary the 

different types of knowledge that exist in the cognitive system 

of the child regarding certain physical entities compete with 

one another and with the correct knowledge which also may exist 

ln the cognitive system. This is a dynamic competition between 

the different knowledge systems in which the strongest 

knowledge prevails. In our case the children have the operative 

knowledge necessary to solve the weight conservation problems 

but instead they use irrelevant knowledge vhich, at certain 

ages or situations, is quite strong. 

This reciprocal game between the different knowledge 

systems is a progressing process through which the chlld 

gradually learns the boundaries withln which his knowledge is 

applicable. It ls possible that the expansion of knowledge 

start,; vith instances in which positive reinforcement exists 

for correct knowledge from immediate perceptual input and from 

those transfered by analogy to similar cases in which it does 

not. 

Applications for science instruction 

We will dlvide the discussion on instructive applications 

into two parts: The first part will deal with specific 
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applications regarding educaiton in the subject of "The states 

of matter". The second part will be more encompassing and will 

deal with science teaching in general. 

a. Specific applications 

The law of conservation of matter was a breakthrough to 

the particulate theory of matter and modern chemistry and one 

can assume that it is basic knowledge that sho••lu be used to 

develop the particulate theory and modern chemistry among 

students also. Results of this research show that only 50% of 

the seventh grade students understand the conservation of 

matter in the process of evaporation; The particulate theory of 

matter i,; taught on the bas is of this faulty knowledge. This 

may be the reason that no students in the seventh grade and 

only 15% in the eighth and ninth graues used the terms from the 

particulate theory in their explanations. In light of these 

results we recommend teaching the conservation of weight, at 

least regarding changes of states of matter, ~ beginning 

to deal with the particlulate theory and with chemistry and 

while teaching these subjects to emphasize, and expanu the 

conception about conservation of matter regarding chemical 

proceeses also. 

Instruction of conservation of weight should be done in 

the following sequence: ( 1) conservation in translocation -

crumbling a lump of solid into powder, (Z) conservation during 

melting, dissolving and in changes of volume (of solids and 

liquids) during heating (or eooiing) (3) chang"s of 80lids or 

liquids to gas (one should start with materials which have 

clear perceptual properties in the gaseous state), and changes 

of volume of gas (heating or compressing) (4) chemical 

reactionsins which do not involve evolution or absorption of 

gases, (5) chemical reactions in which gas is evolved or 

absorbed. 

In all these transformations the reversibility of process 

must be regarded as must the conservation of qualitative 

properties both in processes in which the identity of the 

matter is conservt!d and tht!y d.tl! reversible and in those that 

the identity of the matter is not conserved, nor are they 

reversible. 

B. Pedagogic applications 

When a new phenomenon, te r1n, law or theory is being taught 

one should try to begin with an example for which there is 

maximal perceptual reinforcement for correct intuitive 

knowledge. For instance, in weight conservation ln the process 

of evorporation one should start (at an appropriate age) with 

colored matter (such as iodine) in order to reinforce the 

intuitive knowledge that exi11ts, that weight is conserved in 

this case. Only then should one proceed by analogy to cases in 

which the perceptual reinforcements are diminished (for 

instance colorless matter with smell and then colorless matter 

with no smell). When instructintJ: science it ill common to 

present ideas or new phennlltl!•H with the most characteristic 

examples isntead of those with the most perceptual elements. 

For instance in the subject of gases examples of oxygen, 

nitrosen, carbon dioxide, ammonia, etc. are given but not 

iodine, bromine, chlorine or nitrogen oxiue which are colored. 

The opposite is also true - in cases in which the common 

typical exemplars have tltrontJ: perceptual reinforcements other 

examples are not usually given. For instance, whll~ t•!"lChing 

the term liquid the common examples of water, oil, etc. are 

given. These have strong perceptual elements which help 

classifying them as liquids. If this is not augmented with 

examples of viscous liquids or powders nothing is added to the 

existing intuitive knowledge. This type of instruction should 

be tried and tested. It demands knowledge about the intuitive 

ideas that children have at different ages about phenomena, 

terms or ideas related to science. 

2. Since we saw thal the success of sulving a problem depends 

on the dynamic compet.ition between the different bits of 

knowledge in which the stronger knowledge prevails, it is clear 

that the child should be assited in strengthening the correct 

bits of knowledge in his cognitive system, and should be helped 



to find the boundaries within which thi~:~ knowledge can be 

applied. This can be done by givin~ the students chances to use 

their knowledge in solving different problems and to allow them 

to propose hypotheses and examine them in light of the physical 

reality. 

3. We have seen that during the process of acquiring 

conservation of weight skills the child goes through a stage in 

which he reacts and responds to all evaporation problems in the 

same fashion (even if incorrectly so) and does not relate to 

any irrelevant elements. This attitude enables correct 

responses to this to type of question at a later "tift;t'. Fro•n 

thls we see that the relation to the type and the essence of a 

problem and relating it to the characteristic category of 

problems can be an important stage towards the capability of 

solving such problems and towards acquiring the general 

knowledge relevant to them. 
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USING THE PERSONAL INTERVIEW TO DETERMINE STUDENT 
MISUNDERSTANDINGS IN SCIENCE AND SOME SUGGESTIONS 
FOR ALLEVIATING THOSE MISUNDERSTANDINGS 

Joseph Stepans, University of Wyoming 

Steven Dyche, Appalachian State University 

Students coming into a learning environment bring their 

own conceptions of the world, These conceptions are not 

necessarily those of scientists that are accepted as 

"correct" by curriculum writers and teachers. Despite what 

teachers think about science concepts, many students 

maintain their early and erroneous concepts of the world for 

several years, and even into adulthood. 

This paper will focus on the following questions: 

1. What are students' misunderstandings of some 

common science concepts? 

2. What is the pattern in students' 

misunderstandings of concepts at different 

educational levels? 

3. What instructional practices can be used to 

bring about a conceptional change in students? 

I. To address the first question, we would·report on two 

studies [11,12]. In both, a group of randomly selected 

elementary school children was interviewed on such common 

science concepts as living vs. non-living and weather. 

IA. The subjects for this study were selected from 

four different classes -- two second grades and two fifth 

grades -- in two different schools. One second grade and 

one fifth grade used textbooks as a basis for instruction. 

The other two classes used Elementary Science Study (ESS) 

and other hands-on activities as their science programs. 

Fifteen students were randomly selected from each of the 

four classes. 

Interviews began with a general question--for example, 

"What is wind?" The next questions depended on the answer 

that the child had given. Subsequent questions were also 

tailored to the child's responses and were designed to probe 

the child's understanding of the topic. As the following 

sample interview with an 11 year old. shows, continued 

questioning sometimes uncovered misconceptions beneath what 

had looked like a solid grasp of a concept: 

Interviewer: What is rain? 

Child: It's water that falls out of a could 

when the clouds evaporate. 

Interviewer: What do you mean clouds 

evaporate? 

Child: That means water goes up in the 

and then it makes clouds and then, 

air 

when 

gets too heavy up there, then the water 

comes and they call it rain. 

it 

Interviewer: Does the water stay in the sky? 

Child: Yes, and then it comes down when it 

rains. It gets too heavy. 

Interviewer: Why does it get too heavy? 

Child: 'Cause there's too much water up 

there. 

Interviewer: Why does it rain? 

Child: 'Cause the water gets too heavy and 

then it comes down. 

Interviewer: Why doesn't the whole thing come 

down? 

Child: Well, 'cause it comes down at little 

times like a salt shaker when you turn it 

upside down. It doesn't all come down at 

once 'cause there's little holes and it 

just comes out. 



Interviewer: What are the little holes in the 

sky? 

Child: Ummm, holes in the clouds, letting the 

water out. 

After the interview, a child's responses were placed 

into one of five developmental categories based on the work 

of Piaget and on Fuson's later discussions of Piaget [7, 4]. 

These stages, called feelings of participating, animism, 

artificialism, finalism, and the true causality, are briefly 

described below. Each description includes a student 

response illustrating that particular stage: 

1. Feelings of participation. The child thinks he 

or she participates in the actions of nature. 

Sometimes these feelings are accompanied by a 

belief in magic. 

Interviewer: What makes the clouds move 

along? 

Ten year old: It's when you walk. 

2. Animism. The child attributes life and 

consciousness to inanimate objects. 

Interviewer: ~~at is rain? 

Seven year old: Clouds think it's too hot, 

and one day they start sweating. I 

guess they start sweating and then the 

sweat falls on us. 

3. Artificialism. The child thinks that things 

happen for the good of human beings and other 
living things. 

Interviewer: Why does it rain? 

Eleven year old: To give us moisture and 

the better our crops grow. 

4. Finalism. The child thinks that there is an 

explanation for everything. (The explanation 

is not scientifically accurate, and it does not 

fall within the categories already mentioned). 

We identified two major subgroups within this 

category. 

4a. Religious finalism. In these explanations, the 

child refers to supernatural causes such as God 

and angels. 

Interviewer: What is thunder? 

Five year old: Thunder is when God becomes 

mad at all of the angels. 

Interviewer: IYhat is lightning: 

Five year old: The noise that the angels 

make when they are crying after God had 

yelled at them, like Mom does to me. 

Interviewer: What is rain? 

Five year old: The tears of God and the 

angels crying after they have made 

friends again. 

4b. Nonreligious finalism. In these explanations 

the child makes no reference to the 

supernatural. 

Interviewer: What is snow? 
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Seven year old: There are white mountains 

where white bears live and they cut out 

snowflakes and they would spread them 

all over. 

S. True causality. The child gives an accurate 

explanation for the physical phenomenon. 

Interviewer: Why does it rain? 

Eight year old: 'Cause water evaporates up 

in the sky and it form~ that cloud, and 

the cloud drops get too heavy. 

A given student's answers to questions about clouds 

might fall into a different category from his or her answers 

about thunder, ~o we generalized about a student's 

understanding of weather according to which developmental 

stage predominated. For example, student #10, from the 

second grade class using the hands-on approach, gave 

religious finalistic responses to questions on thunder, 

artificialistic responses to questions on rain, and 

nonreligious finalistic responses to questions concerning 

wind, clouds, lightning, snow, and rainbows. Based on the 

Table 1 

Virws of Children in Test Group by Denlopmenlol Slog .. 
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frequency of responses, we identified this student as one 

with a nonreligious finalistic view on the concept of 

weather. 

What We Found 

Our results, summarized in Table 1, showed that, while 

some students in fifth grade had reached the stage of true 

causality, the majority of student in both grades were at 

the stage of nonreligious finalism. The data and analysis 

results provided support for the following statements: 

* The only animistic views were given by second 

graders using textbooks. 

* More second graders gave religious finalistic 

responses than fifth graders. 

*Although no second grader's understanding of 

weather had attained the true causality stage, 

nearly 25 percent of fifth graders had reached that 

stage. 

Table 2 shows the percentages of students from each 

class who gave true causal responsea for each of the seven 

phenomena. The following statements were supported by the 

data and the analysis: 

* More second graders who were using the hands-on 

approach gave true causal responses to questions 

about wind and rain than second graders using 

textbooks. 

* More fifth graders who were using the hands-on 

approach gave true causal responses to questions 

about clouds, snow, and rainbows than fifth 

graders using textbooks. 



• More fifth graders using textbooks gave true 

causal responses to questions about rain than 

fifth graders using the hands-on approach. 

* More fifth graders gave the true causal responses 

than second graders on all topics except thunder. 

• no one gave a true causal response to questions 

about thunder. 

• More students using the hands-on approach gave 

true causal responses to questions about wind, 

clouds, snow, and rain than students who were 

using textbooks. 

Table 2 

Children In T01t Group Giving T~ Cowol Rnpon ... 

lB. The nature of life and of what it means for 

something to be alive are ideas commonly encountered by 

children. Elementary science textbooks begin developing the 

concept of "living things" as early as kindergarten by 

giving examples of, and making distinctions between, living 

and non-living things. By second grade, some textbooks have 

presented fairly complete definitions of the concept of 

life. Do children incorporate these textbook definitions 

into their personal world view? Or, do more "primitive" 

conceptions of "life" persist, in spite of our textbooks and 

teaching? Our second study was designed to find answers to 

those questions by: 1) identifying conceptions of "living" 

and "non-living" held by a group of fifth graders, and 2) 

examining the way concepts of "living" and "non-living" are 

presented in the elementary science textbook to which the 
students had been exposed. 

Thirty students were randomly selected from a group of 

102 fifth graders from two different schools. Each of the 

30 fifth-graders was individually interviewed concerning 11 

living and non-living objects. The living objects were a 

worm, a leaf, a tree, and a flower. The non-living things 

consisted of the sun, a candle, a bicycle, wind, a volcano, 

water, and lightning. 

The interview strategy and some of the objects used were 

modeled after those used by Piaget. Each int~rview lasted 

15-20 minutes and was recorded on tape. The interview went 

something like this: "John, is the sun alive?" Following 

the child's response, the interviewer asked, "Why do you 

think so?" After responding to the 11 items, the child then 

was asked: "What does it mean for something to be alive?" 

Table 3 shows the number of students and percentage who 

said an inanimate object given was alive. Out of 30 

students interviewed, a great many attributed life to 

non-living objects. 
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TABLE 3 

Num~r of 5111 
Gratias Wlto Said '7c of 5tll Grmlcrs 

tile Ol>fect Was W!Jo Said tile ObJect 
Objtet Alit~ (,\· = JOJ Was Alit•e 

Sun 16 53 
Candle 14 47 
Water 19 62 
Ughtning 24 62 
Wind 23 79 
Volcano 22 76 
Bicycle 11 36 

TABLE '4 

Is the 51111 alit"! I; a candle alit>c.' 

No, because ... 1\o, because .. 

·Too hot for am·bodv to live on it. · Doesn't have heart. 
• Doe~n't have heart.· 
• Doesn't eat. 
• Doesn't move. 
• Doesn't do anything but glow. 
• Made of clouds of gases. 

Is a bicycle alit"? 

No, because ... 

- Can't move by itself. 
· It's made of metal, tube and 

rubber. 
• Can't talk. 

· Doe~n't move. 
• All it docs is burn. 
· You ha,·c to make it move through 

vou r strcn!;th. 
• \'ou can blow il up. 
- Doesn't have brain. 
• Have to li~;ht it to make il alive. 
• J:.~s! sits there. 
~ \ ra, is not aiive. 
· Fl.1me eat~ i:>ut not much. 

1:; n mlcauo alil'c? 

:-.:o, because . 

· ll's m.1dc of dut. 
· Doesn't move t>v itself. 
• Jt IS JUSt made of hot stuff. 

• It takes human power to move it. 
• It's dead until you get on it. 
• Doesn't eat. 
·Just sits there unless you decide to 

mo,'e it. 

Is Wdlrr a/ir~? 

1\o, because ... 

• Doesn't eat anything. 
·Doesn't grow. 
• Just sits or just runs. 
• You can do anything you 

want with it. 
• Can't get up and walk 

around by itself. 
• Doesn't need anything to 

grow. 

Is /igl:tmng air:"? 

No, because ... 

• Comes around once in 
awhile. 

- Doesn't eat anytiung. 
- Doesn't ,;row. 
- It isn't awund all the 

time, only when it wants 
to rain. 

/; U'i>id alit~·? 

No, because ... 

- It's just air that is floating . 
• Doesn't need f"od or 

water. 
- Doesn't have heart or 
an~·thins. 

- Lord has to make it. 

Table 4 summarizes the reasons given by these students 

as to why they thought an inanimate object was alive. The 

responses were listed in order from most to least frequent. 

These responses are particularly interesting in light of the 

fact that most of these students had studied the concept of 

living and non-living as part of their science program for 

five or six years. 

TABLE ·s 
Is tile Sllll alit"'' 

Yes, because ... 

• It shines. 
· It pours heat. 
- It is moving. 

Is a candle altt•e? 

Yes, because . 

·It has fire. 
• The flame is. 
· It burns. 

· It has energy which keeps us alive. 
. It ~;ot earth together to make life. 
. It keeps the solar system and 

· It is moving. 
• When vou light it you give life to 

it. 
. It is made of \Vax and wax was 

once a living thing. 
universe alive. 

Is a bicycle alive! Is a volcano alit'f? 

Yes, because ... 

• It moves and it turns. 
• When you ride it, it is. 
• You can pedal it. 

Yes, because . 

• Can explode. 
· Can erupt. 

• Chains and gears work. 
• It erupts when it wants to. 
~ VVe stty it's "active." 

Is wata nln•e? 

Yes, because . 

-It moves. 
·It flows. 
• Running water is. 
• It has insects, fish, bacteria 

and plants living in it. 
• Is made of Jiving 

molecules. 
• ltdissovles. 
• It gets hot, evaporates, 

gee$ to the sky, gets big 
and rhen gets down. 

Is ltght11ms alitoe? 

Yes, because .. 

• It strikes. 
• It moves. 
• It's full of electricitv. 
. It gives out light and can 

show you things. 
• It's partly fire and fire is 

alive, because humans 
can't make it. 

· It can shock vou. 
- It makes noise. 

Is wmd nliw? 

Yes, because .. 

· It moves. 
• lt blows. If it didn't it'U be 

dead. 
• It can grow. 
· It has molecules. 



Table 5 summarizes reasons given by those students who 

said the inanimate object was not alive. 

None of these students had difficulty identifying 

living things such as a tree, a flower, a worm, and a leaf. 

Textbooks usually mention these things as examples of living 

things. The reasons that children gave for the living 

things to be alive to a large extent matched the criteria 

provided by most elementary science textbooks for living 

things. The most frequent reasons given included movement, 

growth, needing food and water. 

However, the results of Tables 4 and 5 show that most 

children focus on only one attribute of the object. In most 

cases an action of the object seemed to be a sufficient 

condition for the child to call it alive. The majority of 

those who said lightning was alive gave striking and moving 

as criteria. Other actions used as criteria included the 

ability to explode or erupt as in the case of the volcano. 

Some students considered the sun and the candle to be alive 

because of their ability to produce heat and light. 

Some students who said that the inanimate objects were 

not living used the absence of certain organs like heart, 

brain, arms, or legs as justification. Others used the lack 

of certain functions such as eating, breathing, growing, and 

inability of the object to do things on its own as criteria 

for something not being alive. 

Table 6 summarizes students' responses to the question, 

"What does it mean for something to be alive?" Most of the 

responses deal with attributes associated with living things 

and are given in elementary science textbooks and/or deal 

with animal characteristics such as having feelings, 

walking, or being happy. 

TABLE 6 What Doe~ It Mc~n for Something to be Alive? 
(In order of frequency) 

• To move, drink, and eat. 
• To move, to grow, and to breathe air. 
• Moves, walks, and talks. 
• 1\·IO\'e and have feeling. 
• It can live. 
• To move and have fun. 
• To be able to think, to move, to ~;row. 
• Is independent, can move without an~·thing else's 

power, can gel its own food and water. 
• Live without humans. 
• To grow, to learn things, and live in a house. 
• To be happy and have friends. 
• To have to fee~ it. 
• To be a human bein~;. 

The results of these studies suggest that the children 

included in these studies were not capable of applying or 

transferring the information covered in their textbooks. 

The results reported here are indications of what Sund 

refers to as "pseudo learning" [15]. Children are forced 

"to parrot" information and quite often we are deceived 

about what is learned and what is not because in our 

evaluation what we require children to do is parrot back to 

us what we have given to them. 

Sund illustrates this point with a story. It seems 

that Piaget and his son were walking past a lake. Piaget 

asked his son, "How was the lake formed?" His son replied, 

"A giant threw a rock and made it." Piaget told him that it 

was not so and described how the lake had been formed by a 

glacier. He then asked him to repeat his explanation to 

ensure that the boy understood, and it appeared that the 

child did. Several months later, Piaget and his son again 

passed the same lake, and Piaget asked him how it was 

formed. The boy said, "A giant threw a rock and made it." 
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The explanation was maintained in spite of the previous 

efforts of the child's father. The point is that it was too 

early to introduce the concept and the child was not 

cognitively ready to incorporate the adult's explanation for 

the information of the lake. 

The results of this study cause us to ask such 

questions as: Do we give the child the opportunity to share 

his views in the learning process? Do we have him see that 

there are, in fact, other viewpoints on the same concept and 

that the viewpoint of the book and the teacher is just 

another one? Are we in a hurry to correct the child's view 

and present, or impose on the child the adult's 

(scientist's) view of things? 

We try to teach by lecturing--telling, rather than 

providing the learner with the opportunity to remove his 

naive conceptions in an effective manner. We spend 

considerable time and children use much of their energy 

trying to learn concepts like living and non-living. 

The student's inability to understand the concept and 

to apply information may stem from some of the following 

factors: 

* the concept was introduced too early; 

* the concept was not developed properly; 

* no attention was given to what the child brought 

to the learning envirorunent; 

* the concept was introduced only verbally--no 

"hands-on" or other interaction with the ideas 

took place. 

As educators we should take the time to talk to students, 

to find out how they view things, and to try to incorporate 

their way of looking at things in the development of 

concepts. We should provide the learner with some ownership 

in the development of the concept. We should give students 

the opportunity to see that it is perfectly acceptable to 

have different viewpoints on a given phenomenon or concept. 

If we educators believe that a major purpose of education is 

to remove the misconception held by the learner, we need to 

(a) identify the naive conceptions held by learners, and (b) 

decide on proper time and effective methods to remove those 

naive conceptions. 

Researchers in this area maintain that educators needs to 

look at and start with the learner's view and conception of 

the topic at hand [2, 3, 6, 10, and 16]. Some of these 

authors recommend that in order to bring about significant 

accommodations in the learner, the following steps should be 

taken, when introduci~g a new science concept: 

* Provide the learners with a challenging 

situation--a situation which will bring to 

surface students' preconcept~ons (a discrepant 

event, for example). 

* Allow students to share their views on the 

situation with others in the learning 

envirorunent. 

* Present the "correct" view as just another view. 

* Provide students with the opportunity to discuss 

the pros and cons of each view presented 

(including the "correct" view) and if 

appropriate, test the various views. 



* Help students in their search for solutions and 

accommodations--do not continually provide 

"ready-made" knowledge. 

II. In raising our second question, we were interested in 

the conceptual change between students at different 

educational levels [13]. The example we chose for this 

purpose deals with sinking and floating of objects in 

liquids. We used the clinical interview for detecting 

students' level of understanding conceptions and conceptual 

change. During the interviews we used items similar to 

those employed by Carpenter [1] at the University of 

Nebraska: a small wooden cube, a large wooden cube, a small 

metal cube, a looped wire, a large metal cylinder, a small 

metal cylinder, an aluminum sheet, a crumpled aluminum 

sheet, a clay ball, a clay pot, a jar lid, and a jar lid 

with holes. The objects enabled us to evaluate how students 

related the facts of mass, volume, density, surface tension, 

water pressure and buoyancy to sinking and floating. 

We began each interview with, "If I place this object in 

this much water, will it float or will it si~k? Why?" We 

formulated the follow-up questions according to the 

student's response. If a student said, "This object will 

float because it is made of wood," the interviewer might 

ask, "Does wood always float?" If a student said, "This 

object will sink because it is heavy," the interviewer might 

ask, "Are all ships that float on water light?" 

To organize our data, we categorized the responses as 

complete understanding (CU) when students were correct in 

their predictions and gave a competely correct explanation; 

as partial understanding (PU) when they gave partially 

correct explanations, although their predictions may have 

been correct; and as no understanding (NU) when they gave 

incorrect predictions and incorrect explanations. 

Figure 1. Pen:enlllge of studenls who undersland concltpts related to sinkllioel concepts. 
Students display compllttlt understanding (CU), partial underslanding (PU), or no undltr· 
slllndlng (NU). 

Primary (K-3) lnlennedlale ( 4-6) Junior High (7-ll) Coll~tg~t 

N=36 N=40 N=56 N=52 

Object CU PU NU CU PU NU CU PU NU CU PU NU 

Large wooden 
cube 0 62 38 0 78 22 2 84 14 2 70 28 

Small wooden 
cube 0 88 12 0 90 10 4 91 5 2 78 20 

Small metal 
cube 0 100 0 0 97 3 0 98 2 0 100 0 

Looped wtre 0 38 62 0 72 28 0 34 66 2 58 40 

Large melal 
cylinder 0 100 0 0 97 3 0 87 13 0 98 2 

Small metal 
cylinder 0 81 19 0 90 10 0 89 11 0 79 21 

Aluminum 
sheet 0 88 12 0 85 15 0 82 18 4 83 13 

Crumpled 
aluminum 0 6535 0 45 55 0 43 57 2 71 27 

Ball of 
clay 0 100 0 0 90 10 0 91 9 4 90 6 

Pot of 
clay 0 89 11 0 70 30 0 73 27 6 79 15 

Jar hd 0 88 12 0 88 12 0 93 7 2 98 0 

Jar lid 
with hole~ 0 3565 0 15 85 0 7 93 0 892 

Our percentages in Figure 1 show that there is little 

difference in understanding of sink/float concepts among 

students at the various academic levels. This stands in 
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contrast to Piaget's theory that students past age 11 or 12 

should have developed the formal logical structures needed 

to understand density. We found that a large number of 

college students said that when you crumple an aluminum 

sheet, you have made it heavier. This response is similar 

to that given by some of the elementary school children. 

If you compare the CU responses in Figure 1, you find 

that college students did slightly better than younger 

students when explaining and predicting the results of 

aluminum and clay objects and the looped wire but that the 

differences are very small. 

We did find one distinguishing characteristic, however. 

Students at the various levels used significantly different 

language to describe concepts. Terms such as l~ght, heavy, 

and weight used by the elementary students were replaced by 

density, physical properties and surface tension at the 

junior high level. 

Unfortunately, the junior high students' increase in 

sophisticated science vocabulary was not accompanied by 

increased understanding. In a similar pattern, the college 

students used the terms surface tension, displacement, 

surface area, volume, and mass but had little understanding 

of the concepts the terms described. 

Apparently, the elementary students were giving 

responses based on common sense and had not yet been 

encumbered with scientific terminology. On the other hand, 

many of the older students seemed to be so concerned with 

trying to fit the correct scientific terms into their 

explanations that they lost sight of the phenomena at hand. 

What does this say to teachers? That we are not 

spending enough time on terminology as we teach concepts or 

that we emphasize terminology so much that our students lose 

sight of the concepts behind the vocabulary? It may come as 

no surprise to us that elementary students have little 

knowledge of science; we have evidence that science is not 

emphasized enough at the elementary level [8,10]. What is 

surprising are the results from the junior high students 

and, even more so, the results from the college students. 

The junior high students were enrolled in science courses at 

the time of the interview, and the college students had 

taken science courses in junior and senior high school. 

Furthermore, many of the college students had also completed 

several college science courses. What were they taught? 

What did they learn? But most important, what can we do to 

solve this problem? 

III. The third question which we considered in our study 

was what are some instructional practices which can be 

effective in bringing about conceptual changes in students. 

The most effective practices follow a model similar to the 

learning cycle. The model uses the following steps: 

1. Provide students with a situation to make 

predictions. 

2. Have them expose their views (beliefs) by 

sharing predictions (explanations). 

3. Allow them to test their views. 

4. Help learners to resolve conflict between their 

views and actual observations by working 

with materials. 



5. Help learners to make the phenomenon a part of 

their conceptual structure by relating 

(connecting) what is learned to other 

situations. 

Using the sinking and floating of objects in liquids as 

an example, we compared the effectiveness of two models in 

bringing about a conceptual change in the understanding of 

students of the phenomenon [14]. 

The learning cycle is an instructional model proven 

effective in bringing about a conceptual change and consists 

of the following steps: 

- provide learners with opportunity to make 

predictions; 

- allow learners to expose their beliefs by sharing 

predictions and explanations; 

- help learners to test their own beliefs by working 

with physical situations; 

provide the learner with the opportunity to 

resolve conflict between their own beliefs and 

their observations; and finally, 

- help the learners to make connection between what 

is learned and other situations. 

We conducted a study comparing the effectiveness of the 

learning cycle with the expository model consisting of 

teacher lectures, written problems and teacher conducted 

demonstrations. 

The students in both classes were interviewed 
individually and in private--both prior to being taught the 

sink/float unit and after. These interviews were tape 
recorded. The interview format consisted of holding an 

object and asking the student: "If I place this object in 

this much water, would it float or sink and why?" The 

objects were similar to those used by Carpenter (1981) and 

consisted of the following: 

- small wooden cube> 
- small metal cube 

- large wooden cube 

- sheet of aluminu> 
foil 

- folded sheet of 
aluminum foil 

- ball of clay> 
pot of clay 

- jar lid "" 
- jar lid with hoie~ 

same 
size 

same size 
sheet before 
folding 

same 
mass 

same material 
and size 

In each case, after the students predicted and 

explained their reasoning, follow-up questions were asked to 

make sure that the interviewer had a fair assessment of 

student understanding of the concept. Finally the students 

summarized their knowledge of sink/float concepts by 

responding to the question: "What factors influenced whether 

an object will sink or float?" Appendix 1 outlines a 

portion of an interview with one of the students. 
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Figure 2 

Percent Gain of Correct Responses 
for Expository and Learning Cycle 

Groups 
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Table 7 and Figure 1 summarize the results for both 

groups. They ca.pare the percent of students giving correct 
responses on the initial interview with those on the final 

interview. In order for a response to be correct, an 

accurate prediction and explanation had to be given. The 

results also give the percent gain in the correct category 
for each item for each group. 
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Only 

responses 

a small percentage of students in both groups gave 

which could be placed in the correct category 

during the initial interview. The results are similar to 

those of Shepherd and Renner who found that none of the high 

school students in their study exhibited a sound 
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Percent Gain in Appropriate Use 
of Sink/Float Terms 
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understanding of the concept of density of vater as it 
related to the spring and fall turnover in lakes [9]. 

However, on our summary question in the initial interview, 

34% of students in the expository group and 31% of those in 

the learning cycle group were able to correctly identify at 

least two factors which cause an object to float/sink. 

Further analysis of the interviews was done to study 

the difference in the effects of the two models in bringing 

about a change in students' understanding of concepts 

related to sinking/floating. Analysis of the data (Table 8) 
showed that both groups improved in the appropriate use of 

such terms as density, water pressure, displacement, and 

surface tension. 

In all but one instance, the learning cycle group 

showed a greater gain in the use of these terms when 

compared to the gain achieved by the expository group. The 

single exception being Archimedes' Principle in which the 

gains were nearly equal. For example, on the last question, 

"What factors influence sinking and floating of objects?" 

the learning cycle group showed gains over 20% higher than 

the expository group in the correct use of density and water 

pressure (See Table 8 and Figure 2). 

The expository group actually showed a seven percent 

decline in their understanding of water pressure on the 

post-test. This difference may not be significant, but it 

could point out that the lecture-recitation form of science 

teaching can, at times, confuse students about abstract 

concepts and that the memorization of terms, facts, and 

formulas does not result in real learning when students are 

concrete operational. 

Examples of the appropriate uses of the terms related 

to sinking/floating given by students appear in Table 9. 
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Appropriate Context in the Pre- and Poat-lnterview 
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Table 10 provides examples of inappropriate uses of these 

terms. 

It should be pointed out that in neither group did the 

number of correct responses exceed 50% for any of the 

objects used in the interview, One might question why the 

total number of responses vas not higher. One possible 

explanation is that concrete operational students have 

difficulty learning formal concepts [5). Preassessment 

studies of several sections of the science content courses 

which served as the source of subjects for the study, 

revealed that about one-half of these students are operating 

at the concrete or concrete transitional level. Another 

factor which may have been at play in this study vas that of 

misconceptions held by students. Eaton, Anderson, and Smith 

found in their study with students considering "how light 

helps us to see" and "where do plants get their food," that 

if students approach a topic without knowing anything about 

it, they may be willing to consider any information their 

teacher presents [3]. However, if students already have 

ideas about a topic, these ideas can interfere with their 

ability to understand. The subjects of our study vere 

college students and obviously many had previous ideas about 

the concepts. 

Another comparison can be made between our study and 

others cited in the literature with respect to the 

improvement shown by the learning cycle group when compared 

to the expository group. In the study of lOth-grade 

students' understanding of matter and density changes, 

Shepherd and Renner found a significant gain in favor of 

students at a concrete operational level who were taught 

through first-hand experiences as compared to students 

taught concrete concepts formally [9]. Thus, concrete 

instruction (learning cycle) may be preferable to formal 

instruction (expository) because concrete instruction 



promotes superior cognitive development of concrete level 

thinkers [ 8]. 

DISCUSSION 

Based upon post-session interviews, both groups showed 

considerable gains in understanding the concepts involved in 

sinking/floating. Except for one object (jar lid with 

holes) gains in the percentages of students giving correct 

responses ranged from 15 to 46 percent. The overall gains 

of the learning cycle group were slightly higher than those 

of the expository group. In two instances, the small wooden 

cube and the summary statement on factors influencing sink 

or float, the percentage gains for the learning cycle group 

were considerably higher than those of the expository group. 

Our results suggest that college students' understanding of 

science concepts dealing with sinking/floating may be 

improved by using a teaching style which combines 

demonstration with lecture or the learning cycle model. The 

latter model generally yielded a higher percent of correct 

responses than did the expository model. 

Both teaching models in our study were e~fective in 

bringing about a change in students' understanding of 

concepts associated with sinking and floating when applied 

to most of the objects. However, neither model brought 

about a change in students' responses associated with the 

floating of jar lids with holes. (In neither group were 

objects with holes used in sink/float presentations.) This 

may be an example of learners holding on to their original 

conceptions regardless of the type of instruction they 

receive, This may be due either to the fact that learners 

were more influenced by their own perceptions than by their 

understanding of the concepts or the instruction did not 

adequately address the surface tension and its effect of 

float and sinking. Possibly, in the case of certain science 

concepts about which a large number of students exhibit 

misconceptions, we need to design and use alternative models 

of instruction if we are to correct student 

misunderstandings. 

Summary 

In this paper, the researchers considered student 

misunderstandings of some common science concepts involving 

explanations of weather phenomena and criteria for 

distinguishing living from non-living. In this-section we 

have made some suggestions on how to bring about 

accomodations in the learner when introducing new science 

concepts. We have also looked ~t patterns in student 

misunderstandings of concepts involved in objects sinking 

and floating. Misunderstandings by students at the 

elementary, junior high school and college levels were 

studied. Finally, we have suggested some instructional 

practices, based on our research and that of others, which 

may be used to bring about conceptual changes in students. 
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Toward a Coherent Contructivism 

Kenneth A. Strike 
Cornell University 

People in science education seem quite taken in recent 

years by what they term a "constructivist epistemology." I 

have found their use of the term increasingly puzzling. 

Often it seems to me to function in the discourse of science 

educators rather like the word "democracy" functions in 

political discussions. Democracy is presumed to be a good 

thing whatever it is. That any two people mean the same 

thing by it is, however, in doubt. 

But "democracy" is also a useful word if only because it 

unites people who in reality do not agree about very much in 

a sense of common enterprise. Perhaps it at least serves to 

remind people that they share a common political tradition or 

that they share common antagonists. "Constructivist" may 

function in a similar way. Whatever it means, if we are con

structivists, at least we know that it is important to be 

interested in children's misconceptions, to describe how they 

think about science, that we have Piaget as part of our heri

tage, and that behaviorists are the bad guys. Loyalty and 

group identification is made of such stuff. Clarity and 

intellectual progress are not. 

I do not propose to ask what "constructivism" really 

means. Instead, I propose to ask whether there is anything 

for it to mean that makes sense. I shall proceed as follows. 

First, I shall examine two ideas that seem common among 

people who call themselves constructivists. These are: (1) 

the idea that the mind is active in constructing knowledge; 

and (2) the idea that concepts are invented rather than 

discovered. I shall argue that the problem with these no

tions is that they can be explicated in a variety of ways. 

Some of these ways turn out to be rather obviously true. At 

least they are denied by virtually no one worth taking seri

ously. Others turn out to be unsustainable. At least, when 

followed out consistently, they have very high epistemic 

costs. The trick is to find some middle ground. Is there 

some formulation of constructivism that is neither uninter

estingly true nor patently objectionable? 

To attempt to answer such a question in a brief paper 

would be the height of hubris. It would require solving most 

of the central problems of epistemology. I propose instead 

to discuss two tests for the adequacy of any variety of con

structivism. The first is the test of objectivity. Con

structivists need not believe in certainty. They need not 

believe that ideas are true in virtue of their correspondence 

to reality. But, unless they wish to give expression to a 

kind of epistemic death wish, they must believe that some 

ideas are better than others because it is under the 

circumstances more reasonable to believe them. 

Second, constructivists must make sense of the public 

character of knowledge. It may be true that people construct 

their own ideas. But it is also true, obviously true, that 

people assert meaningful utterances to one another from which 

they learn. Any view that suggests that knowledge once 

acquired cannot be transmitted by language is absurd. 

I use these tests because they seem to me to touch the 

particular liabilities of constructivists. As construc

tivists begin to explain what they mean by the claim that 

people actively construct their concepts, they face the 

danger of lapsing into relativism and privacy. The problem 

for constructivists, then, is to find something to mean by 

"constructivist" that is not trivially true that does not 

yield to these forms of epistemological suicide. 

Ibe mind is active 

Constructivists want to claim that people are active in 

constructing their knowledge. What might this mean? Gener

ally, when philosophers talk about the concept of action, 

they oppose activity to passivity, to merely undergoing 

something. To illustrate, "I went to the store" suggests 
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that going to the store is something l_Qig, whereas in "I 

fell down the stairs," falling down is something that 

happened to me. 

Note that being active has little to do with how much 

motion occurred or how much effort is expended. My body may 

move a great deal in falling down the stairs, and I may ex

pend a lot of effort resisting the fall. But falling contin

ues to be something that happens to me, not something I do. 

In contrast, turning my head or paying attention is active. 

Whether my behavior is active or passive has to do with the 

connection between my intentions and what is going on with 

me--not with motion or energy expenditure. 

Let us suppose that this is what we mean when we say that 

people are active in constructing their knowledge. That is, 

we mean that constructing knowledge is something we do, not 

something that happens to us. Who is excluded by this formu

lation? Among philosophers, I would suggest that the answer 

is that we have left out almost no one. But surely, some 

will reply, many people in the empiricist tradition treat 

knowledge as passively acquired. I think this is simply 

untrue. 

Consider the most plausible candidate for passivity. 

Some empiricists have likened the mind to a blank tablet to 

be written on by experience. The process whereby the mind 

receives its impressions from experience is described in pas

sive language. The mind is simply written on. Experience is 

something that is simply had. And it is what it is. We can 

do nothing to affect its character. We simply undergo it. 

Surely, then, empiricist accounts of knowledge acquisition 

are passive accounts. But here we should also note that, for 

empiricists, having sense impressions does not constitute 

knowledge. Knowledge is result of what the mind does with 

sense impressions. Aristotle and Locke described this pro

cess as one of abstraction. It is generally described in an 

active language. Knowledge is something done to or with 

experience. I think something like this is generally true of 

the empiricist tradition. Sense experience is often seen as 

undergone, but the process of building generalizations on the 

basis of sense experience is described in an active language. 

There are exceptions, Hume perhaps, but I suspect that what I 

have suggested is the rule about the empiricist tradition 

from Aristotle to the logical positivists of our century. 

Nothing about empiricism per se commits one to a passive view 

of knowledge. 

Let us try another approach. Perhaps it is not empiri· 

cism that commits us to passivity, but the view that there 

are laws of learning. One might reason as follows: If there 

are laws of learning, then learning happens according to 

those laws. But insofar as behavior is governed by laws of 

learning, it is determined by these laws. Our intentions or 

our choices (if we actually have such things) are irrelevant 

to it. All of our behavior including our learning or 

knowledge production is something that happens to us. We 

are, in that respect, passive in all that we do. 

Two points are important about this. First, there is a 

serious issue here. The claim that human behavior can be 

sufficiently explained by scientific laws has surely sug

gested to many that people are determined and therefore not 

free. Insofar as learning is governed by such laws learning 

will be a passive happening. On such a view human beings do 

not act at all. They merely undergo. The view that human 

learning can be explained scientifically, if one means this 

by it, can thus easily lead to a passive view of learning. 

Thus, there is potentially a heavy cost in those forms of 

educational psychology that attempt to work out the details 

of such a program about human learning. 

The second point, however, is that such conclusions do 

not inevitably follow from the premises. B.F. Skinner, for 

example, may have been seduced by his respect for what he 

believed to be the requirements of a science of human behav

ior into a passive view of learning, but it is surely unwise 

to confuse Skinner with a competent philosopher. Generally 



philosophers, even those who hold such commitments about a 

science of behavior, have been unwilling to follow suit. It 

has been more common to see human freedom or the activeness 

of human behavior as a simple fact to be reconciled with the 

existence of a scientific approach to behavior. Freedom may 

be seen as compatible with determinism. To be active is to 

act because of our beliefs or intentions. J.S. Mill and 

Moritz Schlick illustrate. 

I thus want to conclude that philosophically the sugges

tion that people are active in learning or knowledge con

struction is rather uninteresting. It is uninteresting 

because almost no one, beyond a few aberrant behaviorists, 

denies it. I know of no tradition in epistemology whose 

advocates consistently deny that people are active in knowing 

or whose basic propositions clearly commit their adherents to 

such a view. Thus, the suggestion that people are active in 

producing knowledge seems to me to be trivially true. No nn~ 

seriously believes that knowledge is something simply 

undergone. 

I think that this point readily transfers to pedagogy. 

Educators often talk as though there are people out there who 

treat knowledge as passive. They sound as though teachers 

believe that knowledge can somehow be inserted into students' 

heads without the students' active response to it. But does 

anyone hold such a view, or do any common teaching practices 

really assume it? I find this doubtful. Consider an 

example. 

Suppose some benighted teacher gives assignments that 

require only memorization, that he or she teaches only by 

lectures that only assert facts, and that he or she gives 

only tests that require the students to show that they can 

reproduce these facts. Does such an account require a 

passive account of learning? I think most of us would be 

inclined to say "yes." Unfortunately that response is 

uncritical and wrong. The correct answer is that such 

teaching assumes a passive account of learning only if a 

passive account is given of language comprebension and of 

memory. But why should anyone accept such an account or why 

should we believe that such accounts are presupposed by 

asserting facts? It is surely possible to believe that when 

students hear what they are told, understand it, and remember 

it that they are engaged in cognitive activities. Indeed, I 

will wager that most people who call themselves constructi

vists are quite committed to the view that listening, under

standing and remembering are cognitive activities. Why, 

then, is the verbal transmission of information stigmatized 

with the label "passive learning" or otherwise described with 

passive language such as "rote learning"? 

I think that the answer is that "passive" is a pejorative 

term. As such it is an effective tool for insulting views 

one dislikes. That it is generally meaningless or inappro

priately applied does not necessarily reduce its effective-

ness. 

I do not, of course, mean to commend teaching methods 

that proceed solely by asserting facts. There are numerous 

issues raised. What is a fact? Need all assertions be 

assertions of facts? What else is there to teach; theories, 

meanings, concepts, critical thinking? What do these terms 

mean? How are they different from facts? Once we know what 

they mean, how do they relate to one another? When we have 

an adequately understood inventory of cognitive concepts, how 

do we order our preferences among them so far as teaching is 

concerned? And once we have achieved clarity about what we 

want in teaching, how do we teach? Especially, what is the 

role of direct verbal instruction in effective teaching? How 

do words work? How does language get to be about the world? 

These are some of the epistemological questions that need 

to be addressed to appraise direct verbal instruction or, for 

that matter, to appraise almost any kind of instruction. The 

distinction between active and passive learning seems largely 

to obscure these questions. So far as I can see, it does 

little useful intellectual work unless insulting and con-



founding one's enemies and forging bonds of solidarity with 

one's friends is seen as useful work. Given the sense of 

active learning I have been dealing with, it is something 

everyone can support. It is trivially true. 

Now perhaps this is because I have chosen a concept of 

activity that is too broad. Perhaps active learning should 

involve more real moving about or more real reorganization of 

cognitive input. I suspect that there are numerous ways to 

up the ante on what is meant by "active" so that we might ex

clude some views. Obviously I cannot take on all comers. 

But the task is to find some more restrictive sense of active 

that does not exclude too much. To take the most obvious 

case, surely people do, in fact, learn with comprehension 

ideas both simple and complex because they hear other people 

say them or because they read what others have written. A 

view of learning that treats the verbal transmission of 

facts, concepts, or ideas as inevitably passive or as other

wise objectionable is merely stupid. A concept of activity 

that leads to this judgment is defective for that reason. Of 

course there are conditions for meaningful discourse and not 

all discourse is meaningful. Of course one can teach without 

just telling people what you want them to learn. That is not 

my point. Rather, the point is that people often seem to 

learn by listening to what others say. A view of activity 

that renders such obvious facts problematic is wrong. It is 

not obvious to me that one can expand the meaning of "activ

ity" beyond the initial meaning I have suggested without 

encountering such difficulties. I thus suspect that the 

claim that learning or producing knowledge must be active 

will turn out to be either trivially true or patently false. 

Consider one more possibility. Constructivists often 

seem to suggest that the activity of the mind is most clearly 

revealed, especially in verbal learning, in that what is 

learned is not precisely what is said. Rather each of us 

actively interacts with what we hear or see in interpreting 

input within our own unique set of meanings. The product of 

learning is thus uniquely ours. That it is uniquely ours is 

a sign of the activity of our minds. 

Two points are required here. First, again, it seems to 

me that almost all viewpoints in the history of philosophy 

will agree with some formulation of this point. Even the 

most traditional of empiricists recognize interaction between 

new experience and old or between current experience and 

prior concepts. (Sometimes this was seen as a bad thing. It 

is part of the empiricist account of biased judgment.) That 

the new interacts with the old is not news. All of the in· 

teresting questions concern the details of this interaction. 

Second, I think that it can be argued that the construe· 

tivist emphasis on the individuality of cognitive constructs 

stands a classical philosophical problem on its head. For 

most philosophers it is the fact that sometimes we do manage 

to make ourselves understood and that we (collectively) 

manage to have publicly communicable knowledge about a common 

world that has been the phenomenon of interest. The question 

has been to understand how this is possible. Given the 

diversity of human experience, language and culture, how is 

it that we seem to such a remarkable degree to live in a 

common world so that even our mistakes about it often have a 

public structure? The remarkable thing about our individual 

cognitive structures is that they are not so unique that we 

cannot generally succeed in effectively communicating with 

one another about a common world. The philosophical task is 

to understand how this is possible. That constructivists 

sometime want to revel in the potential Babel implicit in the 

diversity of our cognitive structures seems to me to be a 

prime example of the epistemological death wish to which its 

adherents often give voice. Again, the constructivist is on 

the horns of a dilemma. It is clear enough that, in some 

sense, the old interacts with the new. That is true, but 

uninteresting. The task is to explicate the details in a way 

that allows us to understand the fact of meaningful communi· 



cation, the sharing of common concepts, and the fact that we 

live in a common world. 

Knowledge is invented. not discovered. 

Constructivists, however, have more invested in the view 

that knowledge 1i a construct than in the idea that it is 

actively constructed. We need to look at the idea that 

knowledge is a construct. 

Often the idea that knowledge is constructed is juxta· 

posed to the view that it is discovered. Let us explore that 

idea for a while. 

In one sense there is something fairly obvious about the 

claim that ideas are not discovered in the way in which 

islands or stars are discovered. One does not go looking for 

ideas as though they could be found in a place. In the sense 

of "discover" involved here, objects of discovery are things 

that have location. To discover them is to locate them. 

Knowledge lacks a location. Thus it is not the sort of thing 

that can be discovered if that means to locate its place. 

All this is obvious. 

But the idea that knowledge is constructed, not discov

ered, seems meant to suggest far more than that knowledge is 

not locatable as though it had a spatial location. Rather 

the point of talking about knowledge as a construction is to 

suggest that it has a kind of made-up quality about it. What 

needs to be made sense of is just what this made-up quality 

amounts to. 

Consider one thing that might be meant. Suppose we were 

to hold that the basic nature of reality was not apparent to 

observation. The ideas we need to understand reality are not 

among its surface features. It would then follow that those 

concepts that are required to grasp reality properly are not 

in some way available to be discovered. They must be crea· 

tions of the imagination. 

Now this is a familiar view in philosophy. It suggests 

that an important distinction may be made between appearance 

and reality. The nature of things is not revealed by its 

surface appearance. The view comes in many variations. It 

is expressed in Plato's distinction between the world of 

appearances and the world of forms. Surely it is also a part 

of the view of modern science. The kinds of concepts that 

scientists use to construct theory do not have referents that 

are visible on the surface of the world. We do not come 

across quarks, DNA molecules, or multidimensional universes 

by casually looking around. 

This means that we must view the concepts we employ in 

theory construction as inventions. We make them up. We do 

not happen upon them. 

But notice a few things about this view. 

First, it is commonplace. There are few who would deny 

it. Certainly it will not drive even the most hidebound and 

orthodox of empiricists from our midst. That theoretical 

entities were constructs was a staple of logical positivism. 

Indeed, many positivists insisted that even the objects of 

our common experience were things we constructed out of sense 

data. The experience of a penny, for example, is a marvel

ously complex construction that the mind imposes on the 

assorted perspectival sense impressions that we have of 

pennies. 

Second, it is largely a view about concept formation. It 

is consistent with a variety of views about the truth or the 

adequacy of our concepts. It is at least prima facie possi

ble to believe that our concepts are inventions and that they 

correspond to something real. There are, of course, ways to 

argue against such views, but they are not patently 

contradictory. 

Finally, this weak view of constructivism is associated 

with a distinction between the context of discovery and the 

context of justification. Philosophers who made this 

distinction generally were willing to admit all sorts of 

unpleasant things about where concepts come from so long as 

those admissions were confined to the context of discovery. 
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Perhaps concepts are made up. Perhaps they reflect our class 

origins. Perhaps they reflect our personal histories. 

Perhaps they emerge from our dreams. Perhaps that idea I 

woke up with this morning is the cognitive vengeance of that 

pepperoni and anchovy pizza I had before bed. 

But none of this, so the argument goes, is of much 

epistemological interest. What is of interest is how we go 

about selecting from the store of available concepts those 

that are going to be taken to be reasonable, adequate, or 

true. Epistemology has to do with the context of justifica

tion, not the context of discovery. We can admit all sorts 

of dark stories about the origins of concepts, so long as 

none of these stories account for why we continue to accept 

them. 

Here again we seem to have found something for construc

tivism to mean that is trivially true. Few in our day would 

argue that concepts are inventions in this sense. Is there 

anything more interesting for constructivism to mean? 

Very often it seems to me that constructivists want to 

hold some thesis about the relations of our concepts to 

reality. Indeed, constructivism is sometimes presented as a 

denial of a correspondence theory of truth. 

Let us do a little sorting here. First, it is important 

that, if we are going to explore correspondence theories, we 

not deny anything too silly. Empiricists once held ideas to 

be pictures of the world. Our ideas are true when they 

picture the world as it is. The objections to such a view 

are well known. No one holds it anymore. Generally, 

concepts are viewed as rules. For empiricists, the rules 

specifying the meaning of a term specify how the world is to 

app.ear if the term is to apply correctly to it. Various 

empiricist stories have to do with how direct the connection 

between the word and the world must be. Most stories these 

days see this connection as exceedingly indirect. 

We must also decide what type of correspondence we wish 

to deny. Up to this point I have been using terms like "con-

cept," "idea," and "knowledge" loosely and interchangeably. 

Let me be a bit more exacting about two of these terms. I 

shall distinguish between concepts and propositions. The 

salient feature of a proposition is that it asserts some

thing. It makes a claim. It can thus be true or false. 

Concepts classify. They divide the world into groupings. 

But they do not assert. 

Now one can deny a correspondence view about either con

cepts or propositions or both. Let us start by denying that 

concepts correspond to anything. Here what one is denying is 

that there are any natural kinds. Our concepts cannot divide 

the world at its joints, because the world does not have 

joints. The standards to be applied to our concepts are 

likely, therefore, to be pragmatic ones. The most obvious 

pragmatic standard for our concepts is that concepts are 

useful when they enable us to assert true and important 

propositions. 

It should be noted that this form of conceptual pragma

tism will entail the denial of materialism. To take such a 

view of terms such as "electron" is to deny that there are 

electrons. To believe in the existence of the referents of 

the basic theoretical terms of physics is to believe both in 

the existence of physical entitles and in the existence of 

natural kinds. Conceptual pragmatism will deny both. It is 

a step in the direction of idealism. 

Conceptual pragmatism is also perfectly consistent with a 

correspondence theory of truth. Indeed, it is often explica

ted so as to require one. A concept that meets the pragmatic 

test of usefulness is one that enables us to say true things 

about the world, i.e., to describe the world the way it is. 

Now, of course, it is quite likely that for a conceptual 

pragmatist what it will mean to describe the world the way it 

is is that we can utter sentences that assert that the world 

will appear in certain ways and that, indeed, the world does 

appear in those ways. Or it will mean that we can formulate 

theories from which true predictions about experience can be 



deduced. In both cases, true propositions are those that 

save the appearances. 

We should note that conceptual pragmatists are construc· 

tivists with a vengeance. They are likely to tell a Kant

like story about how our experience is a result of sense data 

or the given structured by our conceptual apparatus. Not 

only our concepts but our very experiential world is 

constructed. 

If this is so, how is it that we live in a common world? 

Conceptual pragmatists can tell two stories about this. The 

first is a story about socialization. Concepts are social 

inventions. Their evolution is a social phenomenon. 

Individuals do not so much construct their own world as they 

are initiated into a common socially constructed world. 

The second story is that concepts are under selective 

pressure from experience. The given part of our experience 

is what it is quite apart from how we conceptualize it. S0me 

concepts are more or less useful in enabling us to say true 

things about it. Thus there is some epistemic pressure on 

the direction of conceptual evolution. And one might expect 

a degree of convergence among concepts. There are thus two 

stories. Let us call them the socialization story and the 

SAVe the AppearAnces story. These stories are, I think, 

quite consistent. 

I do not think that conceptual pragmatism will .do justice 

to what most constructivists want to say. First, conceptual 

pragmatism, as I have described it, is a variety of logical 

positivism. Constructivists seems to want badly not to be 

positivists. Second, constructivists seem to want to deny 

correspondence theories of truth in a more radical way than I 

have suggested. Let us consider some grounds for these 

denials. 

One of the central features of the conceptual pragmatism 

that I have sketched is the view that experience can be ana

lyzed into two components, the conceptual and the perceptual, 

the given. An ordinary experience is a conceptualized per· 

ception. Now the conceptual element of experience is suscep· 

tible of variation, People may conceptualize their percep

tions differently. But perceptions are simply given. As 

"the given," they are indubitable. Moreover, they can be 

described in a theory-neutral data language. They thus form 

a sort of epistemological bedrock against which our asser

tions can be checked. 

Modern constructivists seem often to want to deny the 

possibility of any theory-neutral given. Often they appeal 

to the arguments of Thomas Kuhn. Kuhn seems clearly to want 

to deny that there is any given or any neutral data language. 

Instead, perception (not just experience) is always theory 

embedded. There is no part of experience that can be iso

lated from concepts. People who have different concepts live 

irreconcilably in different experiential worlds. 

How does this change the picture? It changes it by 

rejecting the save the APPeArances story. Or it is often 

read as doing so. At least, it seems that across different 

theories there are no common appearances to save. But we 

need to be careful here. Some points to consider. 

First, Kuhn's views do not entail that there are no 

appearances to save. Within each conceptual tradition there 

are appearances. And they need to be saved. The problem 

Kuhn points out is not the absence of appearances to be 

saved, but the difficulty in agreeing as to what they are 

between two divergent conceptual systems. 

Second, Kuhn does not, so far as I can see, claim that 

perception is infinitely malleable to conceptualization. It 

may be that when Aristotle and Galilee look at pendulums they 

see different things, but neither of them is likely to see a 

giraffe. For Kuhn, perception is not mastered by will. 

Third, even if it is true that there are no theory

neutral descriptions of any given datum, it does not follow 

that a description of some datum cannot be given that is 

neutral to the particular theories at issue. 
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All of this is to say that it is not entirely clear that 

Kuhn has abolished saving the appearances. 

Finally, we should note that while Kuhn may have substan

tially weakened the save-the-appearances story, he seems much 

committed to the socialization story. It is the initiation 

of scientists into a common conceptual tradition that allows 

them to live in a common world. Without the socialization 

story, Kuhn collapses into solipsism. 

Let us assume, however, that saving the appearances has 

become problematic because perception is theory embedded. 

What follows? Recall that, for conceptual pragmatists, the 

meaning of the correspondence between propositions and the 

world was developed in terms of the notion of saving the 

appearances. It might, then, be held that Kuhn has given the 

coup de grace to this version of a correspondence theory. To 

the extent that our experience is generated by our concepts, 

to that extent we discover ourselves in our experience. We 

can know the world because we have created it. To that 

extent it appears problematic to talk as though our concepts 

or our assertions could correspond to anything independently 

real. 

This reading of Kuhn completes a retreat into idealism. 

The reality in which we live is mental. We not only con· 

struct our ideas, but in doing so we construct a world. 

Indeed, having fallen into skepticism and idealism, we are 

saved from solipsism only by a common socialization. 

Now I doubt that many constructivists really want to go 

where this path has led. Can it be avoided? Let us approach 

this question first by asking if we have any remaining 

standards by which scientific ideas can be appraised. Let us 

consider two classical suggestions: consistency and 

workability. 

It is more than clear that consistency will not take us 

far. Surely it is nice if our ideas are consistent. But it 

is also clear that there are different sets of competing 

ideas that are internally consistent. The point is to 

discover which are true. That was supposed to be the point 

of the save-the-appearances story. Consistency will not get 

us far. 

Can we defend a pragmatic view of truth? Here I want 

simply to note the usual difficulties with pragmatism as a 

theory of truth. Pragmatism tends either to lead to complete 

subjectivism, or it turns out to be a variant on the save

the-appearances story. 

Suppose Johnny believes in Santa Claus. Suppose also 

that believing in Santa works for Johnny in that it makes him 

feel good. Moreover, so long as he believes, he gets an 

extra present at Christmas. Santa antes up along with Hom 

and Dad, His belief does no particular harm. Does this 

count as working? To answer "yes" is to give full expression 

to the epistemological death wish. There are no constraints 

on what can work. 

Are there alternatives? Well we might argue that 

Johnny's belief will not stand examination in the light of 

various facts known to Johnny. Perhaps Johnny has no 

chimney. Perhaps Santa looks suspiciously like Daddy. 

Perhaps it is hard to conceive of the logistics required by a 

one man/one night planetary binge of philanthropy. Thus 

Johnny's ideas do not work. But here workability has come to 

mean saving the appearances. It has become a misdescribed 

variant of empiricism. Host versions of pragmatism, it seems 

to me, share this fate. They turn out to lead to 

subjectivism or empiricism. 

Note again the strategy. I have proceeded to expand what 

might be meant by seeing ideas as constructs. What seems 

interesting is that at that point at which constructivism 

seems to begin to mean something interestingly different from 

what philosophers tend to commonly hold, it tends to collapse 

into skepticism and solipsism. But, of course, I have not 

shown this to be the case. I have merely suggested some 

reasons for the trend. 



Note again the criteria to which I have generally 

appealed. First, I have assumed that accounts of science 

must give an account of objectivity. It is important here 

not to commit the elementary mistake of confusing objectivity 

with certainty. No doubt much of what we now believe will 

prove untrue. Only the naive are certain. But accounts of 

truth are accounts of what it means for an idea to be true. 

They need not assume that we are certain about which of our 

current ideas are, in fact, true. What an account of 

objectivity requires is that we be able to explain why, at 

the moment, it is more reasonable to believe one thing rather 

than another. Constructivists, at least in their more 

radical and interesting varieties, need to tell us a story 

that does not rely on saving the appearances. Stories about 

saving appearances can be converted into correspondence 

theories of truth. 

Second, constructivists need to account for the fact 

that, to a remarkable extent, human beings share common con· 

cepts. The most obvious explanation for this is that con

cepts are not generally constructed by individuals so much as 

they are shared. That is, they are acquired as the result of 

some form of communication the primary instrument of which is 

language. It may be that individuals, in some sense, must 

construct their own concepts. But whatever this means it 

cannot mean that people do not communicate with one another 

by words. And it may be that what is said is interpreted 

uniquely by each individual, given that individual's current 

concepts. But this cannot mean that each of us lives in a 

private world where we hold no views in common. Stephen 

Toulmin expressed the right idea here. "Each of us thinks 

his own thoughts, our concepts we share with our fellow men." 

These are not only standards that any coherent epistemol

ogy needs to meet; they are important pedagogically. In 

science instruction we expect students to deal with ideas 

that have been generated by others. These are a few among a 

wide range of available ideas. If they have no special 

status, the curriculum is an arbitrary intervention in the 

free constructive activity of students. In science classes 

we expect students to deal with apparatus, laboratories, and 

experiments. Why? If these activities have nothing to do 

with why it is more reasonable to believe one thing than 

another, then these characteristic activities of science are 

nothing more than legitimation rituals, and we are doing 

nothing more than sharing with a few students the secrets of 

maintaining our undeserved social positions. If every idea 

is a good as every other and if that which certifies an idea 

for a particular student is the fact that it is a personal 

construct, it is simply mysterious as to why we should teach 

or why students should care what we teach. 

Education is fundamentally the initiation of a new gener

ation into a cultural heritage. Concepts are cultural arti

facts that have evolved over many human generations. Children 

become human by internalizing some part of this conceptual 

storehouse. The fundamental thing about concepts is their 

social character. Any serious view of human learning must 

contend with this fact. Problems about how students can be 

encouraged to become comprehending intelligent people or why 

they often fail to be, need to be framed within this context. 

It is no doubt true that students must, in some sense, con

struct their own concepts. It is also true that no one can 

believe for another or feel another's pain. It does not 

follow that ideas cannot be communicated by words. The cru

cial pedagogical questions do not concern how to help stu

dents to learn without telling them what they are supposed to 

know. They concern the conditions for meaningful discourse. 

The objectivity and publicness of knowledge thus seem to 

me to be the citadels of any reasonable account of teaching. 

It may be that a constructivist epistemology can be developed 

that is both true and interesting and that does not do vio

lence to these notions. But an epistemology that does do 

violence to these notions is no friend to a theory of 

teaching. 
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I can remember being moved to the quick 

by Dewey's notion (set forth in Art and 

Experience) that mind should be conceived 

as a verb and not a noun, that it had to 

do with attentiveness, with care and 

solicitude, with engagement with lived 

situations (Greene, 1987, p. 5). 

INTRODUCTION 

Of late, as I've read or heard presented work done 

that is identified as having a cognitive orientation I've 

sometimes felt a vague unease. I chose my paper topic for 

this meeting to give me an impetus to explore systematically 

this unease. 

When I first read cognitive psychology and cognitive 

science work and first learned about students misconceptions 

or alternative frameworks, I felt immediately the value in 

these ways of looking at learning and teaching. Descriptions 

of student misconceptions resonated with my remembrances of 

former students' difficulties and enriched my present 

practices. Cognitively-oriented work provided me with a 

powerful alternative to the behavioristically oriented 

educational theories in which I had been trained. The 

fruitfulness of a cognitive orientation made my present 

inchoate uneasiness puzzling. What finally helped me 

cry~tallize my diffuse dissatisfaction was a statement Howard 

Gardner wrote in Tbe Hind's New Science. 

To my mind, the major accomplishment of cognitive 

science has been the clear demonstration of the 

validity of positing a level of mental 

representation; a set of constructs that can be 

invoked for the explanation of cognitive phenomena, 

ranging from visual perception to story 

comprehension. Where 40 years ago, at the height 

of the behaviorist era, few scientists dared to 

speak of schemas, images, rules, transformations, 

and other mental structures and operations, these 

representational assumptions and concepts are now 

taken for granted and permeate the cognitive 

sciences. (Gardner, 1985, p. 383). 

The thrust of cognitive work implied by the Gardner 

quote moves us in a direction I think mistaken. By 

attempting to represent and explain knowing and knowledge it 

is too easy to focus on efforts to clarify terms, sharpen 

distinctions, develop taxonomies, and standardize methods and 

procedures. We begin to simplify, to construct articial 

situations or clear cases to facilitate analysis. Inevitably 

we move away from consideration of the complexities and 

difficulties that led to our original efforts to look beyond 

behaviors, to try to understand "the learner- in-the

process-of-learning (West and Pines, 1985, p. 1)." 

Gardner's quote does not apply to~ cognitively 

oriented work, but does characterize much work, work I, as a 

teacher and teacher educator, fear can become irrelevant to 

pedagogy. Why should it matter? Because I think that 

pedagogy, the art and act of teaching, is the most important 

human endeavor there is, if not absolutely so then certainly 

for those of use who work in education. The generation of 

new understandings matters little if we cannot then use these 

insights to help others to see and better understand. 

Pedagogical views are complex, consisting of a fusion of 

assumptions about learning and development, about 

instruction, and about human nature. The image of pedagogy 

that guides much of my thinking is similar to one implied by 

Max van Manen: 

A journal of pedagogy then is a particular kind of 

commons, a space, which draws like-minded men and 



women to engage in certain kinds of discourse, 

dialogues, or conversations about the lives they 

live together with children, adolescents, adults, 

or with those, young or old, entrusted to their 

pedagogic care .... [Pedagogy entails] a 

thoughtfulness about the limits and possibilities 

of how we speak, of the languages of common sense 

and science; a thoughtfulness of how we construct 

and perpetuate the often repressive institutional 

ideological environments in which we live and 

in which we place our children (1983, p. i). 

In this paper I'd like to discuss three specific dangers 

I see inherent in the research aims stated by Gardner. These 

are; a reification of knowledge, a lack of concern with the 

contexts in which most formal teaching/learning occurs, and a 

denial of the emotional elements of learning. 

MIND AS A VERB: REIFICATION OF KNOWLEDGE 

There is lack of unambiguous definitions of terms in 

cognitive psychology, many kinds of methods are being used. 

We are still working, our conceptualizations are developing, 

so there is some inconsistency. However, !22 much focus on 

the methods to elicit and represent cognitive structures may 

generate the kind of mentalist mumbojumbo (see Greer, 1983) 

that gave rise to behaviorism. Scientistic pressures, which 

all of us have internalized to some degree, may pull us to 

develop general procedures and standard practices so that 

quick and easy comparisons across studies are possible and 

communication is more efficient. 

There is nothing wrong with clarity or consistency. But 

to try to reach these ends by developing general procedures 

to gather data and universal methods to analyze and explain 

them can lead too easily to a reification of knowledge, an 

acceptance of knowledge as external and objective. How does 

this happen? As I read some of the articles on student 

misconceptions in biology, for example, I detect an implicit 

"right answer/wrong answer" bias. Instead of representing 
student knowledge structures in an effort to learn how 

students are making sense, the focus switches to the 

representations of learners' knowledge, and these are 

compared to some "correct" representation. We may be more 

sophisticated and talk about degrees of rightness or 

wrongness, but knowledge once again, has been reified. 

Knowledge is a product that exists external to humans, and 

the processes of making sense are ignored, as are the people, 

as are conditions that could produce different views of 

subject matter concepts. 

We must remember that when we develop representations of 

mental structures processes, we are only developing models. 

We are making metaphors - this person talks ~ she were 

viewing heat in this fashion, this person reacts as though he 

were making this kind of mental transformation. If we 

forget the subjunctive, the metaphoric nature of our models, 

we may forget to be interested in the activities of people 

constructing and refining knowledge. This forgetfulness is 

all too common in educational research and curriculum 

development. An example can be found in many of the packages 

being sold that are designed to foster "critical thinking" or 

"higher order thinking skills." As Hultgren observed: 

The more tightly we control our language and 

discourse about thinking in this way, the more 

severely we cover or suffocate what it is that we 

are seeking to illuminate. If we hand down these 

[thinking] skills from teachers to students, and 

then measure whether or not students have indeed 

learned these skills, what do we really come to 

understand about what thinking is like? (Hultgren, 

1987, p. 3). 

Given the tradition of research in which most of us were 

raised, it is not difficult to see how a search for products, 

for agreed upon universal procedures develops. It is, 

though, possible to communicate about our work in a way that 
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does not focus on outcome measures and does not forget the 

inherent ambiguity of all procedures. 

David Cohen (1987) provides one model. 

The discussion by 

His description lets 

us experience vicariously how his students used their concept 

maps to discuss their own thinking and understandings. Such 

research is more difficult to write because the description 

has to be rich and terms used have to be carefully 

explicated. 

Analysis of classroom communications can provide 

another way for us to study learners in the process of 

learning. Lemke (undated) used "social semiotics" to study 

discourse in physics classrooms. A social semiotics assumes: 

all meaning is made by specific human social 

practices. When we say that the mastery of physics 

or literary criticism is being able to talk physics 

like a physicist or write analyses like a critic, 

we are talking about making the meanings of physics 

or literary criticism using the resources of spoken 

and written language. Talking physics and writing 

criticism are social practices. (Lemke, undated, 

p .1) 

In this paper Lemke uses the notions of genre and 

semantic patterns to analyze a brief teacher/student 

discussion in a physics class. His analysis is a powerful 

one for it allows us to see, not just the existence of but 

the perpetuation 2f a student misconception. Lemke teases 

out how the student fails to grasp a distinctions made by the 

teacher and how the teacher, using the formal language of 

physics, does not detect his failure to make a distinction 

explicit in a way the student could grasp. Student and 

teacher used the same words but not the same meanings. The 

student's confusion continued. 

Lemke's analyses are painstaking and time consuming. No 

one in the act of teaching could make such analysis. 

However, the analyses can alert us to the kinds of 

miscommunications that occur when a novice and expert talk 

about subject matter and give us another way to look at 

student thinking in a discipline. 

ENGAGEMENT WIIH LIVED SITUATIONS; THE CONJEXTS OF LEARNING 
In discussing teaching for conceptual change, Strike and 

Posner 

see learning as a rational enterprise, and we 

understand rationality as having to do with the 

conditions under which a person is or should be 

willing to change his or her mind (Strike and 

Posner, 1985, p. 211). 

The definition of and methods that then lead to the 

development of rationality have been of interest to many. 

MacMillan (1985) uses a broad definition of rationality and 

then argues that learning rationality begins with a process 

more akin to training than to education. 

Rationality in teaching is possible only when there 

has already been a nonrational impartation or 

training in the procedures of rationality, as part 

of the more-or-less primitive language games and 

world-pictures inherited from the cultural and 

social context in which the individual has grown 

up" (MacMillan, 1985, p. 419). 

Schools, however, do not always provide training in the 

procedures of rationality, nor settings which allow 

rationality. Many writers have looked at the political 

forces shaping schools, at the "hidden curriculum" and other 

ways schools serve to perpetuate existing social inequities. 

Britzman (1986) explicates how the compulsory nature of 

schooling creates antagonisms between teacher and student. 

These antagonisms produce a need for control, and teachers 

spend much of their energy exerting control. Many of the 

language patterns developed in the school serve to enforce 

control. Control language patterns are DQ! those that 

characterize rational inquiry or discussion. The development 

of school language patterns whose purpose is control begins 



early. Freebody and Baker (1985) examined the speech 

patterns presented in basal readers. 

Finally, the representation of an orderly, 

centrally governed turn-taking system may be seen 

as a means of presenting the turn-taking system of 

classroom talk. The idealized versions of child

adult talk shown in the readers approximate the 

orderliness, formality, and centralized control of 

instructional, conversational routines known to 

characterize "teaching and learning" talk (Edwards, 

1980, 1981; McHoul 1978; Mehan, 1979) more than 

they reflect the complexity, informality, and local 

management of everyday, conversational, multiparty 

talk (Freebody and Baker, 1985, p. 395). 

If we fail to attend to the control mechanisms operating 

in schools, our efforts to use cognitive psychology to 

produce changes can only fail. In a 1986 address to the 

Ethnography in Education conference Susan Florio-Ruane 

described how a teacher subverted cognitively oriented 

scaffolding techniques (such as those described by Palincsar, 

1986) for the teaching of writing. Techniques designed to 

facilitate writing as process were interpreted and applied in 

a way that maintained teacher control and so encouraged rote 

learning. 

As we look for ways to increase comprehension and 

meaningful discussion, we must be aware that the meanings 

assigned to those strategies will be interpreted through a 

framework developed in formal schooling. If we are committed 

to improving learning, we must examine the taken-for-granted 

structures in schools and how they must be modified. We 

cannot be content with schools as they are, for their 

structures, internalized by actors within them, interfere 

with efforts to facilitate cognitive change and meaningful 

learning. 

CARE AND SOLICITQDE: THE EMOTIONS 
Much of the work in cognition assiduously avoids any 

consideration of emotion, or as educational jargon would have 

it, the affective domain. To make such a separation not only 

eviscerates the conception of a human but also leads to 

inaccurate results of experimentation in cognition. Leslie 

Hart (1976) explicated nicely a mechanism that accounts for 

the complex relationship between emotion and cognition, His 

model makes sense of the findings that demonstrate how 

emotions strongly influence cognition. 

In school classrooms in which the teacher's practices 

instantiate the control functions of schooling and the 

implicit hierarchial organization of people and knowledge, 

knowledge becomes power, wielded by those who have it over 

those who do not. However subtly control operates, the 

emotional climate generated is one of domination and fear, 

rather than care and solicitude. The thinking of 

individuals will be constricted, as will the social 

interactions necessary for rational discussion. In such 

settings, students can play it safe, follow the rules, and 

passively memorize to pass the tests. Or, students can 

resist and refuse to memorize. In either case, knowledge 

remains external, no new meanings are generated and students 

will remain uninvolved. 

Those of us who want to change what goes on in schools 

need to surface the assumptions that lead to this emotional 

state. We need to sense the feelings that lead students to 

respond in "safe" ways. We need to examine our own practices 

to make visible the assumptions ~ have about 

teaching/learning that have too much to do with control and 

too little to do with learning. Until we look at and amend 

our own practices, we cannot hope to provide the sanctuary 

within which rational discourse can occur and deeper 

understandings can develop. We must learn to work with 

people before we can work with cognition. If we cannot 

create the emotional climates necessary for communication • 
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thinking and speaking - all our cognitively oriented work 

will be wasted. 

CONCLUSION 
Are these dangers inevitable? Will work on human 

cognition develop into one more search for angels dancing on 

pinheads? Not necessarily, but I think we have to examine 

our practices most carefully. West and Pines mention that 

the use of qualitative research methods has contributed 

greatly to the growth of cognitive psychology. We must make 

sure that we are really using new perspectives and not trying 

to fit "qualitative" data into former scientistic molds. We 

must practice ways of doing and communicating about research 

that are rigorous and systematic but do not mirror the 

dangers we have seen in thoughtlessly applied quantitative 

methods. 

We must make our research reports richer and broader. 

It is not enough to describe differing ways students conceive 

of a subject. We must attempt to describe the processes and 

contextual factors that contributed to those understandings 

and document other ways of teaching/learning to avoid or 

ameliorate the problems. We must work to produce the 

contexts needed to foster the thinking of people as they 

attempt to live richly. We have to try things out and 

document our trials, sharing with each other. We must 

become story tellers, able to tell our stories without bias 

but with the richness that will allow others to share our 

work with people struggling with real issues. 
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Concerns regarding the quality of science education in 

Canada have recently been expressed by the Science Council 

of Canada in the document, "Science for Every Student" (l). 

In this document, the Council states that 'Canada needs all 

its citizens to be scientifically literate', and to this 

end, supports a concept of scientific literacy as a guide 

for the development of science programs. As well, the 

Science Teachers' Association of Ontario (STAO) has recently 

declared that 'scientific literacy should be the principal 

purpose of science education in every curricular division' 

( 2). 

To most people, literacy means an ability to read and 

to write; skills that are easy to acquire and measure, and 

that can be improved upon with practice and experience. 

Furthermore, possession of these skills does not specify 

what it is to be read or written. When the word, 'literacy' 

is prefaced by 'scientific', however, it is often assumed 

that the skills of reading and writing are merely being 

channelled to the reading and to the writing of science. 

Such an interpretation is naive and incorrect, for it does 

not reveal the competencies that the scientifically literate 

person is expected to possess, and therefore does not reveal 

the skills, knowledge, and attitudes which the teacher of 

science strives to develop in the learner. Given the 

cryptic nature of this term, it is not surprising that 

different interpretations will exist, and that confusion can 

often result whenever a dialogue on this topic is held. In 

the absence of any explicit definition for the concept of 

scientific literacy, it is important that those using the 

phrase, define it. 

The Science Teachers' Association of Ontario which, as 

stated earlier, promotes scientific literacy as the 

principal purpose of science education, has indeed, provided 

its concept of scientific literacy in its recent curriculum 

policy paper (2). It does so by identifying those abilities 

which it expects the scientifically literate person to be 

able to demonstrate. These are: 

1. the ability to understand and to be able to apply 

scientific thinking - process skills and problem-

solving, 

2. the ability to apply scientific knowledge to daily 

living, 

3. the ability to recognize that science is a 

discipline with an ever-expanding body of know-

ledge, 

4. the ability to understand the application of 

science to technology, 

5. the ability to apply scientific knowledge to the 

decision-making process, 



6. the ability to understand the development of 

science in an historical context, 

7. the ability to have a feeling of self-worth and 

'fate-control' as a result of an adequate know

ledge base and problem-solving skills. 

Certainly the above list recognizes valuable qualities 

for people to have tn our society today. It also presents 

significant challenges to teachers of science, both in 

regards to teaching effectively towards these goals, and 

designing the appropriate instruments to determine the 

extent to which these objectives are being achieved. 

It is important to note that the above list of 

abilities does not include any reference to a specific body 

of knowledge. For example, there is no statement that 

suggests that scientific literacy must include, 'the ability 

to comprehend those basic concepts inherent to the various 

disciplines that comprise the physical and life sciences'. 

Presumably, therefore, the choice of subject matter is 

clearly secondary to the more important objectives assoc

iated with scientific literacy. A well-planned and well

taught course in any science should be able to contribute 

significantly to the development of scientific literacy, 

without having to 'expose' the learner to a vast array of 

subject matter from a number of scientific disciplines. 

Host often, however, scientific literacy is not the 

only objective of a science course. In fact, concern for 

presenting the basic concepts of one's discipline, for 

providing career preparation, and for 'covering' topics 

deemed to be prerequisite for more advanced courses, are 

concerns likely to diminish, significantly, the attention 

which scientific literacy receives. The objective of 

scientific literacy will be further compromised in courses 

having an excessive knowledge content, and staffed by 

instructors who perceive a strong association between 

scientific literacy and the acquisition of an extensive and 

specific body of knowledge. 

Like many colleges and universities, Brock University 

requires all of its students to complete a science require

ment in their undergraduate program. The rationale for this 

requirement, as initially stated in 1969, was, "to permit 

the students to investigate the principles by which the 

physical (including biological) world operates, tn order to 

understand the present technical basis of our civil-

zation~ The above statement has not been revised since 

and remains obscure within the university, even to those 

involved in teaching the sciences. Nevertheless, the 

regulation remains and all students must enrol in at least 

one science course. 

To satisfy the science requirement, students may enrol 

in science courses that are part of the science programs, or 

they may select one of the science courses designed 

especially for non-science majors. Non-science students 

usually choose one of the five science courses designed for 

them by the Departments of Physics (astronomy), Chemistry, 
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Biology, Geology, and Geography. Not only can these courses 

for non-science majors be as intellectually stimulating and 

demanding as the 'regular' science courses, but they can 

also provide ideal environments for focusing on scientific 

literacy. It is in such courses that this objective can be 

established and maintained as the primary one. 

The course which the biology department offers to the 

non-science majors carries the title, "Biology, Han and 

Environment" (Biology 125); a title that is broad enough to 

accommodate virtually any biological theme. Since 1984, the 

enrolment in this course has surpassed 700 students per 

year. To accommodate this number, two lecture sections are 

offered, as well as 30 laboratory-seminar sections. This 

26-week course consists of two lecture hours per week, as 

well as eight laboratory and two seminar sessions. 

Predictably, the students in such a course constitute 

a diverse group in regards to experience in science, and 

motivation and attitudes towards science. There are 

students in the course sufficiently qualified to be science 

majors; there are others who abandoned science after grade 

nine in high school, Some of the students have confidence 

in their abilities to comprehend and succeed in science; 

others will enter with little confidence and with consider

able anxiety. There will be those who accept the science 

requirement willingly, and with the expectation of a 

valuable learning experience; others will view the require

ment as a necessary evil to be accommodated with a minimum 

of effort. It is a significant challenge to develop a 

course that accommodates this diversity of students, for one 

must challenge the experienced science students without 

intimidating or discouraging those who are less prepared. 

And, of course, one wants the course to be viewed by all 

students as a worthwhile experience, and one likely to have 

considerable long-term value, 

With few exceptions, the non-science majors in this 

course are enrolling in their final science course. It 

becomes important, therefore, to clearly determine the know

ledge, skills, and attitudes that one should attempt to 

develop in these students. Or if expressed in the context 

of 'scientific literacy', one needs to decide which of the 

competencies associated with scientific literacy should be 

developed in these students. Certainly the acquisition of a 

specific body of knowledge or skills for vocational needs, 

or as a prerequisite for further courses, is not important 

for these students; the development of scientific literacy 

is, however, 

As defined by STAO, and presented earlier, scientific 

literacy incorporates a number of abilities and insights. 

Since it is difficult to address all of these adequately in 

any single science course, a more realistic strategy is to 

select a limited number of objectives upon which to focus. 

The three objectives which constitute my preference are 

briefly identified below. 



Objective 11: To have the students recognize that 

'science' is but another way of knowing and that knowledge 

claims are constructed on the basis of information gathered 

by a variety of modes of enquiry. As a consequence, 

students should recognize that such knowledge claims will 

inevitably be limited by the quality of information avail

able and by the intellectual resources of the investigators, 

and will be constrained by the paradigms in which the 

investigations are being conducted. Such knowledge, there

fore, will be vulnerable to modification or rejection on the 

basis of new information, more novel interpretations, or 

competing knowledge claims. 

Objective f2: To have the students examine, in depth, 

a few topics that hopefully they will perceive as being 

important and personally relevant. There is no intent to 

indoctrinate the students, however, it is intended that such 

intensive studies will challenge the students to reflect on 

some of their attitudes, and behaviours. For example, a 

unit on cardiovascular physiology, aerobic fitness, and 

heart disease, should challenge the students to reflect upon 

their own level of participation in aerobic activities. The 

unit on the biology of cancer does provoke the students to 

re-examine their lifestyle choices in regards to risk 

factors. 

Objective #3: To develop a positive attitude towards 

the learning of science so that the students will want to 

read, to listen to, or to view, some contemporary issues 

having a science component; issues that are communicated 

through newspapers and magazines, and through radio and 

television. 

The three objectives identified above, focus on 

process, issues and attitudes. These objectives are 

important components of scientific literacy and are 

especially challenging to pursue with students who are not 

science majors. Below is an elaboration of these 

objectives. 

I. PROCESS: If students are to recognize that know-

ledge claims made in science are dependent upon, and derived 

from observation, measurement, and data analysis, then the 

students should routinely experience opportunities to 

observe and to assess data, and to construct and evaluate 

explanations. This requires, of course, that the students 

are made aware of the experimental protocol from which the 

data is obtained. In fact, as the course progresses, one 

can expect them to become more experienced, and often more 

sophisticated, in assessing the methodology of those invest

igations selected for study and analysis. 

To emphasize the empirical nature of science, I favour 

describing experimental investigations and presenting data 

in my lectures. For example, a six-week unit on cardio

vascular physiology and fitness was initiated by describing 
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some studies in which the investigators focused on some of 

the dimensions of the heart, especially thickness and mass 

of the left ventricular wall, and the internal dimensions 

and volumes of the chambers. After briefly describing the 

structure of the heart, the technique of echocardiography, 

and the methodologies of the studies, the dimensions could 

then be presented. In some of the studies, data were 

presented for groups of runners, swimmers, cyclists, weight

lifters and wrestlers, as well as for age-matched, non

athletes. In another study, various dimensions of the heart 

were presented for a group of males, both before and after a 

well-defined training program. As the dimensions, as well 

as sample size and standard deviations, are being presented 

in tabular form, it soon becomes apparent to the students 

that large differences exist between the various athletic 

groups. The aerobic athletes have larger left ventricular 

volumes and the power athletes have thicker walls. The 

students are also able to use the data from some of the 

studies to suggest that the differences have resulted from 

specific training protocols, rather than from inherent diff

erences that preselect individuals into specific sports. 

The use of such studies allows the students to make some 

knowledge claims, and to attempt to provide some explan

ations for the differences that are observed. It also 

elicits uncertainties regarding the experimental protocol, 

and provides a basis for discussing the design of invest

igations that would clarify these uncertainties. Even in a 

lecture hall with 400 students, an instructor with a port

able microphone can elicit student involvement with the data 

being presented. 

It is important, of course, to begin with studies that 

are easy to comprehend. These studies should provide data 

which permits observations to be recognized quickly, and for 

which explanations can be easily constructed. Hore sophist

icated and difficult studies can be expected to follow. In 

the unit on cardiovascular fitness, the initial studies that 

focus on the dimensions of the heart, are followed by 

investigations that look at arterial diameters, blood 

pressure measurements, blood lipoprotein concentrations and 

glucose tolerance and insulin sensitivity, in various 

athletic groups, both young and older, and in age-matched, 

non-athletic groups. Of course, each of the above topics 

requires the presentation of some descriptive biology, but 

such information is given only to an extent that it enables 

students to understand the research investigations that are 

t,o be examined. The emphasis remains on the pres entation of 

data, on means and sample sizes, and on differences that are 

statistically significant. Students will repeatedly be 

encouraged to look for valid control populations, to 

identify the controlled and uncontrolled variables, to 

assess the experimental design, and most importantly, to 

construct knowledge claims and explanations. 

In addition to the immediate outcomes that the present

ation and analysis of empirical studies provide, important 



principles relating to science generally, and to biology 

specifically, will also emerge as the course progresses. 

These principles are brought to the attention of the 

students at appropriate times throughout the course. Some 

of the principles arising from the unit on cardiovascular 

physiology are as follows: 

1. Biological systems are highly structured systems, and 

measurements of structural organization or functional 

processes provide numerical values that are not random, 

but which show a pattern of distribution within identifiable 

limits. 

2. Structural and functional properties of biological 

systems can be modified in response to perturbations or 

repeated stress. Furthermore, when differences in structure 

or function are observed between 'apparently' similar popu

lations, explanations can be constructed to account for the 

differences. 

3. The knowledge claims and explanations that are made 

regarding natural phenomena must be subjected to verifi

cation. Furthermore, in response to the development of new 

investigative methodologies, to an expanding body of inform

ation, and to innovative thinking, one can expect knowledge 

claims and explanations to be constantly reviewed, and to be 

modified or rejected, as necessary. Consequently, state

ments claiming 'proof', • truth' or 'certainty' must be 

viewed cautiously. If knowledge claims in science are 

indeed constructed, then reference to the 'discovery' of 

scientific knowledge becomes more difficult to justify. 

4. One's confidence in observations and explanations will 

increase when the supportive information can be verified and 

when large sample sizes are involved. Anecdotal exper

iences, though often important for suggesting further 

investigations, are not the experiences that can be defended 

strongly and with confidence. 

5. Not all the information obtained in science must come 

from 'experiments' performed in the laboratory or in the 

environment, In fact, significant knowledge claims can 

arise from epidemiological strategies and from the non

manipulative observation of natural phenomena. 

Scientific news communicated to the public through the 

various media is often difficult to evaluate, especially 

when the source of the information and a description of the 

investigations are not provided. The situation is 

especially difficult when conflicting information is at 

hand, as is often the case when one is dealing with such 

issues as environmental quality, the identification of 

health risk factors, safe food choices, and strategies for 

health promotion. A science course in which the students 

regularly evaluate methodologies, results, interpretations 

and knowledge claims, should be providing valuable tools for 

critically evaluating scientific news as it is presented 

through the various communications media. 
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II. ISSUES. The use of empirical studies to examine 

selected structural and functional aspects of the cardio

vascular system is not the primary focus of the unit. In 

fact, these studies are used to eventually develop the con

cept that biological organizations are responsive to stimuli 

and that adaptations, both structural and functional, can 

result from the repeated exposure to stress. In this unit, 

physical activity serves as the stress. 

Even the development of this important concept, 

however, is not the primary purpose of the unit. Subsequent 

lectures focus on cardiovascular disease, risk factors 

associated with this disease, and some of the mechanisms by 

which exercise might modify these factors. Ultimately, data 

from some recent studies relating physical activity, heart 

disease, and longevity are presented in lecture, and further 

discussed by the students in seminar. The focus on life

atyle choices, health, and longevity, provides an oppor

tunity to address some interesting and provocative contem

porary issues, and gives the entire unit on cardiovascular 

physiology a relevance to many of the students. 

There is, of course, no shortage of topics or issues 

available for development within a biology course. Last 

year, in addition to the unit on cardiovascular physiology, 

the topics of cancer induction, animal and human aggression, 

and nuclear winter, were also investigated. In previous 

years, issues related to human social behaviour, immunology, 

sexually-transmitted diseases, ionizing radiation, global 

population growth, agricultural productivity, and habitat 

destruction, have also been addressed. Despite the large 

number of topics available, one must recognize that the 

issues that emerge from these topics are value-laden, and 

may not be those that are highly valued by all the students. 

Students who value personal wellness and who are therefore 

receptive to such topics as physical activity, nutrition, 

and cancer, may not be especially receptive to such topics 

as acid rain, nuclear winter, or global population growth, 

where environmental quality and the needs of future gener

ations are valued. 

III. ATTITUDES. If the 'scientifically literate' 

person is expected to apply scientific knowledge to daily 

living, to apply scientific knowledge to the decision-making 

process, and to maintain a feeling of self-worth and fate

control, then one would expect such a person to maintain an 

interest in some issues having a scientific component and, 

on occasion, to explore new ones. Certainly the individual 

must not be intimidated by the jargon of science or by its 

perceived complexity. Furthermore, confidence in one's 

ability to study and to learn science is likely to be an 

outcome of learning experiences in science that are favour

able, and successful in regards to attaining acceptable 

grades. 

To foster successful learning experiences and to reward 

students fairly, does not imply that topics in the course 

must be dealt with superficially, or that high grades must 



be awarded too generously. It is likely to require, 

however, instructors who are imaginative and well-organized, 

enthusiastic and encouraging. They will be sensitive to the 

difficulties likely to be experienced by the learners, and 

will be truly concerned with having the students attain the 

goals upon which the course is focused. Instructors pre

occupied with 'covering' an excessive amount of material at 

an unnecessarily difficult level of comprehension, are 

likely to create confusion, disinterest, and despair on the 

part of the students, and an unfavourable grade distribution 

as well! Most sadly, however, a valuable opportunity to 

promote scientific literacy will have been squandered. 

Discussion of the primary objectives of a course for 

non-science majors is a relatively easy task. It is more 

difficult to provide evidence that the objectives are, in 

fact, being met. Nevertheless, some indicators are avail

able. For example, it was stated earlier that students 

should, with reasonable effort, be able to experience 

success in such a course. In fact, the failure rate in the 

biology course I have been describing has ranged between 

2.7~ and 6.5~ during the past four years, with a mean of 

4.1~, and with class averages ranging between 62 and 67~. 

Such failure rates are considerably lower than the rates 

that characterize the 'normal' first year science courses. 

Nevertheless, a final grade above 70~ still represents a 

significant challenge, since only about 20~ of the students 

are able to attain this grade level. 

Consistent with the objectives of the course, is the 

fact that the course is rated highly by the students, and 

that some acknowledge changes in behavioural patterns, 

especially in regards to smoking and exercise, and in their 

attitudes towards science. It is also encouraging when 

students choose, as a result of this biology course, to 

enrol in another. In this year's first year biology course 

for majors, 21 of the 133 students had, in fact, previously 

completed the biology course for non-science majors. 

Although the midterm and final examinations in the 

course are multiple choice in format, these exams represent 

a valuable opportunity to re-enforce some of the important 

objectives of the course. Specifically, the exams are used 

to have the students read science, study empirical data, and 

evaluate knowledge claims from information presented on the 

final examination; information the students have not seen 

before. One of the formats commonly used is to present to 

the students recently published news articles that relate to 

some of the major themes in the course. The students' 

comprehension, and possibly assessment, of the information 

can then be ascertained through the use of multiple choice 

questions. The second format involves presenting results 

from articles that have recently been published in 

scientific journals. Often, some of the methodology must 

also be included to provide the student with a better under

standing of the source for the data. From analysis of the 

data, students can be challenged, again through the use of 
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multiple selections, to identify important observations and 

relationships, and to assess claims that the data might 

support. Of course, the fin a 1 examination wi 11 also test 

the student's knowledge and understanding of the lecture, 

laboratory and seminar components of the entire course. 

On ten occasions, students experience a two-hour labor

atory or seminar session. These occur biweekly and extend 

over both terms of the course. Although limited in 

duration, and neither technologically or scientifically 

sophisticated, the eight labs are still a valuable co~ponent 

of the course and foster some of the objectives previously 

described. They emphasize the importance of observation and 

detail, and focus on information that the students find 

interesting and recognize as significant. The labs provide 

a pleasant and novel learning environment, and also provide 

a means whereby a reasonable student effort can be favour

ably rewarded with marks. Three of the laboratory sessions 

involve the use of dissected fetal pigs to study various 

organs and organ systems, and four of the sessions utilize 

the compound microscope to observe chromosomal changes 

during cell division and gametogenesis, human blood cells, 

and the structure of normal and cancerous human tissues. One 

laboratory session focuses on the structure and replication 

of DNA, and on the events associated with protein synthesis. 

For many students, the experiences of studying dissected 

fetal pigs and of utilizing a compound microscope, are novel 

ones. 

During the laboratory sessions, students are assisted 

by two demonstrators, and guided by a lab manual containing 

worksheets to be completed by the students as they work 

through the laboratory protocol. These worksheets are sub

mitted at the end of the two-hour period for evaluation, and 

no further assignments are required from the students. 

Although the lab sessions function independently of the 

lectures, the information and experiences in the labs fre

quently complement the topics in the lectures. Many 

biological structures observed and drawn during the sessions 

with the fetal pigs, are referred to in the units involving 

human physiology and cancer, and the information acquired in 

the labs involving the structure and function of hereditary 

material certainly complements the topics of cell division, 

gene expression, and mutagenesis, which are important to the 

unit on cancer. 

The two seminar sessions provide opportunities for the 

students, assembled in their normal laboratory groups, to 

discuss some of the relevant issues raised in the lectures, 

For example, a seminar period was organized to focus on E. 

0. Wilson's book, "On Human Nature", following a series of 

lectures on the genetic basis of human social behaviour. 

Last year, the seminars focused on 'nuclear winter', and 

'public health policy in regards to exercise behaviour'. 

In preparation for the seminars, students are required to 

complete a reading assignment and to reflect on a series of 

questions that identify the substantive issues likely to be 



addressed during the seminar discussions, Although some 

students enjoy participating in seminars and contribute to 

making the seminar a lively forum for discussion, there are, 

unfortunately, other students who are hesitant to express 

themselves in small discussion groups. For these students, 

the seminar can represent a very stressful environment. 

Nevertheless, the seminars are considered to be an essential 

component of the course and therefore the seminar leaders 

are constantly challenged to achieve a discussion that 

encourages participation and which addresses the issues in 

thoughtful and meaningful ways. 

Colleges and universities that require non-science 

majors to complete at least one course in science inevit

ably create a population of reluctant science learners, and 

in some cases, even hostile ones. Nevertheless, the 

requirement can be jusLified, and in this paper, it has been 

defended in terms of the need for increased scientific 

literacy. The primary purpose of this paper, however, has 

not been to defend the importance of scientific literacy, 

but to describe the structure of a biology course which has 

as its objectives, some very specific aspects of scientific 

literacy. It is a biology course that has been developed in 

an educational environment that provides one the freedom to 

define course goals, to establish course content and 

instructional strategies, and to choose the means by which 

students are to be evaluated. It is also a favourable 

environment in regards to material and human resources. 

Under these conditions, teaching science to the non-science 

major becomes an exciting challenge, with the potential for 

considerable personal satisfaction and success. 

1. Science for Every Student: Educating Canadians for 

Tomorrow's World. 1984. Report 36, Science Council 

of Canada, Ottawa. 

2. A Rationale for quality Science Education in the 

Schools of Ontario. May, 1985. Science policy 

paper, Science Teachers' Association of Ontario. 
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Concepts give our world stability. A concept is a 

regularity in objects or events designated by a language 

(or symbol) label. People use concepts both to provide 

a taxonomy of objects or events in the world and to formulate 

relationships between concepts in that taxonomy. "Without 

concepts, mental life would be chaotic" (Smith & Medin, 1981). 

"A central challenge and dilemma of teaching is to 

provide students with the intellectual blueprints for 

assembling a conceptual edifice whose form cannot truly be 

known until all the forthcoming separate bits of knowledge 

are in place" (Toth, 1980). Diagrams can play a vital role 

in facilitating the process of reassembly. Winn (1981) has 

found that diagrams have two properties important to science 

education. Diagrams can show realistic representations of 

concepts and they can show the relationships between concepts. 

By definition, a diagram is a line drawing that explains 

something by showing arrangement and relationship of parts. 

The ancient Egyptians may have been the first to repre

sent ideas with drawings. Their hieroglyphic writing system 

arranged symbolic engravings to express important concepts 

(Silano, 1958). Other cultures used similar methods; Aztecs 

and early American Indians, for example, conveyed messages 

by pictographs. 

"The writing of most primitive peoples goes through the 

ideographic, syllabic, and alphabetical stages" (McDonald, 

1958). Usually the first two forms of writing were discarded 

after alphabetical symbols had been formulated. The Egyptians 

were an exception to that rule--they continued to use 

pictorial' (ideographic) writing for 3,500 years even though 

they also used the two other forms. Could it be that this 

important ancient civilization found it to be superior for 

communicating ideas? Because diagrammatic writing operates 

at a lower level of abstraction, might it have been a more 

effective (albeit less efficient) way of representing 

concepts than using words? 

Briggs (1984), in summarizing what is known about the 

mind of a genius, points out that most geniuses regularly 

use images of wide scope in order to see the relationship 

between pieces of information in new and unusual ways. 

Einstein, for example, was educated in a school run by 

principles of the educational reformer Heinrich Pestalozzi, 

who stressed the development of visual imagination. wEinstein 

later insisted that his best ideas always came to him in the 

form of visual images, the mathematical and verbal expres

sions followed months or years later" (March, 1978). 

Kekul~ dreamed of a snake biting its own tail and used 

that image to construct his benzene ring. Snow employed 

a map of London to solve the mystery of how cholera was 

transmitted (Judson, 1980), Mendeleev made a deck of 

chemical element cards which he fastened to a wall in various 

patterns to help him devise his periodic table of the 

elements. The history of science is replete with examples of 

how diagrams were used to solve important intellectual 

problems. 

James L. Adams (1979), who teaches engineers at Stanford, 

has found that his verbally and mathematically talented 

students are "visual illiterates" who can benefit greatly 

from exercises that develop their visual thinking ability. 

He calls it an "alternate thinking language" and considers 

it "one of the most basic of all thinking modes and one that 

is invaluable in problem solving" (Adams, 1979), 

Diagrammatic.Tecbnigues in M9dern science Education 

Today, science educators make use of a variety of 

diagrams to help students grasp important concepts. For 

example, ~unnett squares are used in genetics, ray diagrams 

in optics, schematic diagrams in electronics, and weather 



maps in meteorology. Such visual tools are subject-specific. 

In contrast, concept maps and knowledge vee diagrams are 

powerful metacognitive tools with broader applications in 

science teaching (Arnaudin, Mintzes, Dunn, & Shafer, 1984; 

Novak, 1981; Novak,Cowin, & Johansen, 1983), Gowin's 

knowledge vee helps students understand the nature of 

knowledge and how it is produced. Concept maps help the 

learner produce a visual representation of the hierarchical 

relationship between concepts. A thorough treatment of 

both techniques may be found in Learoing ~ 1£ Learn (Novak 

& Gowin, 1984). Both tools are soundly based on Ausubelian 

learning theory and constructivist epistemology. Concept 

maps and vee diagrams are diagrammatic representations of 

concepts and conceptual structure--both are strikingly 

visual techniques. It is difficult to imagine two teaching 

tools with broader application to the modern science class

room than these. (See Figure 1. for examples of each tool.) 

After seven summers of post-doctoral work in science 

education at Cornell University studying the learning theory 

of David Ausubel and after seven years of experience using 

concept mapping and vee diagramming to teach college science, 

I concluded that a third, theory-based, metacognitive tool 

might be helpful in visualizing the concepts college students 

hold. Dunn (1983), in her innovative "mib" study of concept 

learning, observed that "most science concepts derive their 

meaning from the systematic relationships in hierarchical 

knowledge or from the inclusive-exclusive relationships in 

taxonomies." Although concept mapping can perform both 

functions, the latter function is less visually effective, 

I contend, than the technique proposed in this paper. In 

addition, students who have difficulty beginning their 

study of metalearning with concept maps can start by drawing 

concept circles. Novak and Gowin (1984) point out that 

"Approximately 5 to 20 percent of students respond negatively 

to instruction that requires meaningful learning. These 

students will resent requirements for concept mapping and 

Figure 1. Examples of a concept map and a vee diagram 

THINKING 

Theory: 
kinetic
molecular 
theory 

Principles: 
laws of thermo
dynamics; not 
all substances 

~Question: 
What happens to 
the temperature 
of wax as it is 
heated? 

have a definite 
melting point 
Conce~ts: entropy, 
amorp ous substance, 
temperature, energy, 
melting point,. 
thermometer, t1me 
water bath, molecule, 
etc. 

OOUJG 

Value claim: Wax 
is not a good 
material to use 
to calibrate a 
thermometer. 

Knoll[l edge CJ.,a.l.Jp J , 
Wax has no def1n1te 
melting point. 

Transformations: 
time-temp. graph, 
data table 

Records: temperature of 
wax/readings taken 

every 30 sec 
as temperature 
of water bath 

~: heating wax 
in a water bath 

slowly rises 

507 



508 
vee diagramming." It is my hope that the technique of 

drawing concept circles might introduce students to 

metalearning in a simpler way, so that when they are taught 

to use concept maps and vee diagrams, they will experience 

a more gradual increase in the level of difficulty. Novak 
(1977) postulates that "the emotional experience is most 

likely to be positive when instruction is planned to 

optimize cognitive learning. •• In other words, we are most 

likely to enjoy what we are most successful at learning 

to do, 

&l, Old IQQ!. :!!llh .5!. ~ ~ 

To meet theoretical and practical needs, the heuristic 

device used to represent inclusive-exclusive relationships 

between concepts must be: (a) visually effective, (b) 

conceptually effective, (c) apply Ausubel's theory of 

learning in its design, and (d) serve as both an 

instructional and a diagnostic metacognitive tool. 
Logicians will recognize the device I have chosen, 

Venn (1894) points out the fact that logicians borrowed 

the use of diagrams from mathematics during the time when 

there was no clear boundary line between the two fields, 

Line segments, triangles, circles, ellipses, and rectangles 

were all used to diagram categorical propositions during 

the early development of logic as a discipline (Venn, 1894). 

Although Venn diagrams are schematic representations 

of sets which were introduced by John Venn in 1880, I have 

not selected them for the task at hand because they are 

primarily intended to illustrate set theory operations such 

as union, intersection, and complementation (Arnold, 1983; 

Parker, 1984). Some science educators~ used them, Leisten 

(1970) proposed using Venn diagrams to show students the 

relations between chemical terms. Gunstone and White (1986) 

showed that Venn diagrams can be used to teach physics and 

to probe students' understanding of physics concepts, While 

Leisten qid not use the language of sets, the students in the 

Gunstone and White study were already familiar with set theory. 

Since Venn diagrams typically are used to represent 

categorical propositions or syllogisms, special shading 

and starring processes are used and the number of circles 

in a diagram is limited to three. Venn suggested that 

for inferences involving more than three classes, ellipses 

or more complicated shapes other than circles should be 

used. Since I wanted a diagram that used circles and 

could represent up to five concepts, the average capacity 

of short term memory (Hiller, 1956), I did not adopt Venn's 

system of diagramming for this task. 

The concept of logic diagrams was already in use during 

the Middle Ages (Gastev, 1977). In fact, the ancient 

commentators of Aristotle represented the modes of syllogisms 
by using geometric drawings (Kuzicheva & Novoselov, 1977). 
The use of circle diagrams was already kno~ m J.K. Sturm 

in 1661 and the first systematic application of circle 

diagrams seems to be in a treatise published by Johann 

Christian Lange in 1712. Dimitriu (1977) notes "The 

representation of judgments and of the relations expressed 

by them is generally attributed to Euler," The device he 

invented is called "Euler's Circles,R It it Euler's 

diagrammatic method which I have adapted as a metacognitive 

tool. Leonhard Euler ( 1707-1783) was a Swiss mathematician 

who was "one of the greatest mathematicians of all times; 

he made important contributions to practically every area 

of pure and applied mathematics" (Kuzicheva & Novoselov, 

1977). By 1978, a modern edition of Euler's works filled 

71 volumes of a projected 74-volume collection (Duffety, 
1980). 

Although he wrote on so many subjects, of particular 

interest here is his way of representing class relationships 

using circle diagrams. His diagrams can demonstrate: (a) 

class exclusion, (b) class inclusion, (c) class equality, 

(d) class product, and (e) class sum (Reese, 1980). In 

order..to illustrate his ideas, Figure 2. has been included. 



Figure 2. Examples of Euler's Circles 

a) 

b) 

c) 

d) 

e) 

no A is B 

(no B is A) 

all A is B 
(some B is not A) 

all A is all B 

some A is B 

some A is not B 

(some B is not A) 

Note: Darker line shows superimposition of circles. 

A detailed and substantiated formulation of logic diagrams 

was first given by Euler in 1768 in his Lettres i Yna 

princesse d'Allemagne, in which he examined what are now 

called Euler's circles, Hartin Gardner (1968) suggests 

that Euler's circles were eventually replaced by Venn's 

diagrams because Venn's system fit Boolean class algebra 

so well. Many of the diagrams in books that are called 

Venn diagrams are actually Euler circle diagrams or 
modifications of them. For example, Kaplan (1983) uses 

many included and sometimes overlapping circles to 

represent trophic levels within an ecological community. 

Although he doesn't refer to Venn or Euler, the diagrams 

are Euler circles, They lack the format, shading, and 

notation characteristic of Venn diagrams. 

Concept Circle Diagrams 
Concept circles may be defined as two dimensional 

geometric figures (circles) that are isomorphic with the 

conceptual structure of a particular piece of knowledge and 

are accompanied by concept labels. Based upon Miller's (1956) 

work in information processing and Gunstone and White's 

(1986) view that Venn diagram tasks work best when they 

involve from two to five terms, no more than five circles 

are permitted in a concept circle diagram. Another reason 

for limiting the number of circles per diagram to five 

is the principle of visual perception which says that 

excessive detail on a diagram reduces its effectiveness 
(Reynolds & Simmonds, 1981). 

Circles seem preferable to other geometric figures 

because they are easy to draw using a compass or template. 
In addition, the field of vision of both eyes is approximately 

circular (van Amerongen, 1979) making the information in the 

diagrams easier to process. A drawn circle is also a good 
representation of a concept for another reason--any such 

circle is only an approximation of an ideal circle, every 

point of ~hich would be equidistant from the center. To the 

extent that a concept is stable within and across individuals, 
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it is a bounded unit of knowledge. However, more and 

more modern theorists hold a probablistic view of 

the concept which tests instances of a concept using a 

weighted sum of features. Since category membership 

can be achieved by various combinations of features, 

various feature-sets define acceptable instances of a 

concept and therefore concepts have somewhat "fuzzy"' 
boundaries (Smith &Hedin, 1981). 

In contrast to standard Venn diagrams, the concept 

circle technique makes use of direct labeling for each 

circle instead of coding. This avoids "double scanning" 

finmdiagram to key and makes the graphic more visually 

efficient. For ease of reading, concept labels are 

printed in lower case (Reynolds & Simmonds, 1981). 

When a concept circle is constructed, quantitative 

and categorical (concept) information is encoded by 

labels, geometry, and color.· Color is an important feature 

of a concept circle diagram since it helps the viewer 

distinguish between the elements of the diagram. Color 

hue and saturation are two of ten elementary graphical 

perception tasks we perform in decoding information 

encoded in a diagram (Cleveland, 1985). Although about 

ten million color differences can be detected by the human 

eye, our color memory allows us to remember only about 24 

saturated hues (shades) of color (Levy, 1987), Yet that 

palette of colors may be very helpful in aiding understanding 

and recall by the learner, two important criteria for 

any metacognitive tool (Stuart, 1985). Dooley and Harkins 
(1970) showed that colored posters attracted more attention 

and Dwyer (1976) found that line diagrams in color were the 

most effective kind of illustration in a text dealing with 

the functioning of the heart. Reynolds and Simmonds (1981) 

observe that students distinctly prefer colored illustrations 

over black and white. 
The.area of each concept circle may be used to represent 

qualitative or quantitative differences between concepts. 

Since Hailstone (1973) has suggested that charts which 

depend on proportional area to denote quantity may not 

be wholly satisfactory as many people are better at 

making comparisons on a linear basis, the standard sizes of 

circles to be used by students were determined experi

mentally. Since Stevens' Power Law describes the bias 

in area judgments, it was used to compensate for viewer 

decoding error.(l975). Simply put, it says that the actual 

scale to a power equals the perceived scale. The value 

of the exponent, called the beta value, varies with the task, 

Twenty-siX students in college botany were given a 

test in which they had to choose four circles from a larger 

assortment that appeared to be 2, 3, 4 and 5 times-larger 

than a l-inch diameter referent circle. Beta values were 

computed from the results of each discrimination task 

and average beta values were used to calculate the sizes 

of a set of five circles that were perceived to be 2, 3, 4, 
and 5 times larger than the referent circle. This was 

used to make cardboard concept circle templates which 

students could use to draw concept circles in which the 

relative area encoded quantitative information. The 

sizes of the circles as ·determined by experiment 

were: 1", 1 7/8", 2 1/8", 2 1/2", and 3 1/8" in diameter. 

According to Holliday, "students tend to remember 

science ideas longer when teachers use visual and verbal 

messages together" (1980). For this reason, students are 

asked to give each diagram a title and to write an 

explanatory sentence under their diagram. "Writing is a 

symbolic activity of meaning-making" (Howard & Barton, 

1986). The word symbol, as used here, means anything that 

carries meaning--language, maps, diagrams, etc. Howard 

and Barton (1986) suggest that we combine writing with 

diagrams to capture our thoughts and speculate that "we 

grasp what our grasp of symbols enables us to grasp." 

In the ancient trivium, logic, grammar and rhetoric were 

the three subjects considered basic to all learning; here, 



reasoning, writing and (graphic) expression are united 

to construct a concept circle diagram. The title is 
to be written in the top left sector of the page because 

"in most western cultures the observer's eye starts scan

ning a page from a point in the top left sector, A 

sweeping search of the page is then made, finishing where 

the main action is expected to be" (Reynolds & Simmonds, 

1981), Diagrams which oppose the natural scanning pattern 

of the eye take more time for the viewer to interpret 

and are sometimes confusing. Figure 3, shows the eye's 

scanning pattern superimposed on on the concept circle 

diagram format, It demonstrates that the format follows 

the eye's scanning pattern in a sequence that enhances 

understanding: title, diagram, explanatory sentence, 

review of diagram. 

!hg Relationship between Conceot Circle Diagrams 

~ Ausubelian Learning Theory 
In order to learn meaningfully, students must choose 

to relate new concepts and propositions to those they 

already know. With concepts represented by circles and 

relationships between concepts represented by spatial 

configuration of the concept circles, the learner has a 

way of revealing what she/he knows about a particular 

piece of knowledge. The diagram has concept labels, a 

title, and an explanatory sentence to assist the learner 

in understanding and recalling a particular piece of 

knowledge, The same attributes make the concept circle 
diagram a diagnostic tool for the teacher or educational 

researcher who wants to probe the learner's cognitive 

structure. Ausubel has said that the teacher needs to 

ascertain what the learner already knows and follow up 

with instruction appropriate for that individual. 

In addition to the above characteristics, Ausubel's 

concepts of subsumption, hierarchy, progressive differenti

ation, and superordinate learning can be demonstrated with 

concept circle diagrams. As with concept maps and vee 

Figure 3. The Scanning Pattern of the Human Eye in 
Re~ation to the Format of a Concept Circ~e 

Diagram 

Note: The large rectangle represents a piece of 

paper on which a concept circle diagram is drawn. 
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diagrams, this tool demonstrates that knowledge is 

constructed, that learning is the responsibility of the 

learner while the role of the teacher is to share meaning 

with the learner, and that knowledge about how one learns 

can enhance meaningful learning. 

Concept Circle Construction 

The following rules were developed over a span of 

~e years following the writing of a paper entitled 

"A New Tool for the Ausubelian Toolkit" at Cornell 

University during the summer of 1984. The rules were 

revised after each semester of testing by college 

science students. 

1. Let a circle represent any science concept. 

2. Print the name of that concept (e.g., plant, 

temperature) inside the circle using lowercase 

letters. 

3. When you want to show that one concept is included 

within another concept (e.g., all birds are 

vertebrates, all eukaryotic cells have a nucleus), 

draw a smaller circle within a larger circle. 

Label the smaller circle by printing the name 

of the narrower, more specific concept within it; 

label the larger circle by printing the name of 

the broader, more general concept within it. 

4. When you want to show that some instances of one 

concept are part of another concept (e.g., some 

water contains minerals), draw partially overlapping 

circles. If you want to show that one of the con

cepts is more inclusive (broader) than the other, 

use a larger circle for that one. Label each circle. 

5. When you want to show that two concepts are not 

related (e.g., no prokaryote is a eukaryote), 

draw separate circles and label each one. 

6. You may use up to five concept circles in your 

diagram. They can be separate, overlapping, 

included, or superimposed. Label each one. 

7, The relative sizes of the circles in your diagram 

can show the level of specificity for each 

concept. Bigger circles can be used for more 

general concepts. 

B. The areas of the circles in a concept circle diagram 

can be used to represent relative amounts or 

numbers of instances of that concept. A template 

with openings to draw circles that appear to be 

2,3,4, or 5 times larger than a standard circle 

is provided to make this option more attractive. 

If you wish to show quantities with your circles, 

place a small letter "n" near each concept label 

and enclose it with parentheses (n). 

9, Time relationships can be represented by drawing 

nested (or concentric) circles with the oldest 

10. 

concept being the center one. If chronology is 

being shown, a ''t" should be placed within the 

diagram near the central concept's label and it 

should be enclosed by parentheses (t). 

Colored pens, markers, pencils, or highlighters 

may be used to color your concept circle diagram 

in order to make the relationships between concepts 

easier to visualize, understand, and recall. 

11. one concept circle diagram may be connected to 

another by "telescoping" graphics, Telescoped 

diagrams should be made to read from left to 

right. Several stages of telescoping may be used 

if a large, scroll-like piece of paper is available. 

12. All concept labels should be written horizontally. 

An exception can be made only for the largest circle, 

where a lengthy label may replace the upper 

curve of the circle. 

13, Most drawings can be improved by re-drawing for 

greatest clarity and to leave sufficient space 

~round the labels to give the diagram an uncluttered 

look. 



14. Empty space {white space) around included concepts 

is used to imply that there are other concepts 

that are not mentioned, A shaded or colored area 

surrounding included .concepts shows that no 

concepts have been omitted. 

15. When the concept circle diagram is finished, a 

title that describes what the diagram is about 

should be written in the upper lefthand sector 

of the page and a sentence that summarizes what 

the diagram shows should be written in the area 

directly beneath the diagram, 

Figures 4.& 5. provide examples of concept circle 

situations described in the rules listed above. Figure 6. 

demonstrates what a typical concept circle diagram looks 

like, 

Assessment .Qt. Student-Constructed Circle Diagrams 

Although an instrument to quantitatively analyze 

students' concept circle diagrams is currently under 

development, a diagram can be assessed qualitatively 

using the checklist items included here, 

1, Does the title fit the diagram? Yes No Needs Work 

2. Are the concepts displayed in 
the proper way to show exclusive
inclusive relationships or 
hierarchy? Yes No Needs Work 

3. Were time or number circles Yes No Needs Work 
used when appropriate? 

4. Does the explanatory 
sentence fit the diagram? Yes No Needs Work 

5. Has the student used 
color to clarify the 
meaning of the diagram, Yes No Needs Work 

6. Are the concepts the 
student elected to 
display important to 
the learning goals? Yes No Needs Work 

7. Are there any misconceptions 
shown by the diagram? Yes No Needs Work 

8, Has the student followed circle 
construction rules? Yes No Needs Work 

Figure 4. Concept Circle Conventions 

8 

Note1 Diagrams are more 
striking in color, 
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Figure S. The "Telescoping• Convention for Connecting 

Concept Circle Diagrams 

Note 1 Telescoped diagrams are to be read by revealing 
one section at a time--keeping the others covered 
by a hand or piece of blank paper. Reading is 
done by moving from the left diagram to the right 
diagram. The explanatory sentence that accompanies 
each section should be read right after viewing it. 

---- ----

Figure 6. A Typical Concept Circle Diagram with 
Accompanying Title and Explanation 

Note1 ~red shading on the original student diagram 
made the individual concepts more distinct. 



~ ~ Qt Concept Circles 

Metaleatnina Applications 
In addition to the points made earlier, the following 

metalearning ideas can be demonstrated using concept circles: 
1) the difference between rote and meaningful learning 

can be shown by using separate and reLated concept 
circles; 

2) progressive differentiation of concepts can be 

illustrated by gradually adding specific concepts 

to an existing general concept circle; 

3) obliterative subsumption can be shown by partially 

and later completely erasing the boundaries of 

subsumed concepts to show that those concepts can 

no longer be retrieved from long-term memory; 

4) the subordinate to superordinate concept continuum 

can be illustrated by varying the circle sizes 

of concept circles; 

5) concept formation can be distinguished from concept 

assimilation by first drawing many separate concept 

circles and then using a number of them as subsumers 

of newly introduced concepts; 

6) the nature of superordinate concepts can be demon

strated by circumscribing a larger concept circle 

around an array of smaller ones; 

7) conceptual hierarchy can be expressed by the tele

scoping technique of connecting several concept 

circle diagrams; and, 
8) integrative reconciliation can be demonstrated by 

diagramming the differences between two apparently 

similar concepts (e.g., a civil law and a scientific 

law) or the similarities between two apparenlly 

different concepts (e.g., vegetable and botanical 

fruit). 

Eyaluation Applicstions 
Concept circle diagrams may be usefu1 for the 

following .~ation activities: 
1) testing what a student knows about a particular 

subject; 
2) identifying conceptual difficulties, misconceptions, 

or alternative explanations that a student harbore·; 

3) conducting clinical interviews to diagnose 

learning problems or answer research questions; 

4) assessing a student's ability to extract meaning 

from a textbook; 

5) structuring an examination question and then 

constructing an °idealn concept circle diagram 

for it. (Tbi:s might be used to discover the degree of 

correspondence between students' and teacher's 

diagrams1 which is an indication of shared meaning,); 

6) testing a student's ability to identify key 

concepts and relationships in a laboratory 

activity and transform them for visual display; and, 

7) analyzing a student's ability to categorize concepts 

or examples in an accepted way. 

Curricular and Instructional Applications 

Concept circle diagrams may be useful for the following 

activities relevant to curriculum and instruction: 
1) planning a classroom lesson; 
2) analyzing a curriculum component; 
3) demonstrating conceptual relationships during a 

classroom lesson at the chalkboard or overhead 

projector; 

4) teaching taxonomic relationships in science classes; 

5) satisfying the need for a variety of theoretically

sound learning activities to promote meaningful 
learning; 

6) documenting the results of instruction; and, 

7) p~omoting the fluent integration of thinking, feeling, 

and acting. 
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Student Attitudes tovard Cgncept Cir~le Diagrams 

At the close of a semester, botany students who 

had drawn scores of concept circle diagrams were given·the 

opportunity to express their reactions to the technique ' 

by responding to three questions on an opi~ion questionnaire, 

The range of answers for each item is represented by a series 

of verbatim student comments: 
1) What did you like most about studying science using 

concept circle diagrams? 
Jerry--"It made me read the chapters and I became 

more. familiar with concepts.• 

Lorna--"Once the diagram was made, it was very easy 

to study.'" 

Shelly--•It vas easy and simple--less time consuming 

to review.• 

Rick--'"It encouraged thinking with reading and aided 

in understanding." 

Heidi--"It helped me in studying for tests." 

Jim--"I liked the way it illustrated ideas and 

thoughts." 

Mark--'"It compacted major ideas into a few simple 

circles.• 

James--"It helped me organize my thoughts on some 

confusing textbook chapters. •• 
Hichelle--"It helped me to organize the factors of 

a topic in my own mind. I'll use it 
in my own classroom,n 

Joel--''It made concepts very clear to me." 

unsigned--•! liked it when we put them on the board 

and I could see other people's ideas 

and how they went about organizing them." 

Karen--"! liked seeing how things are related and 

coloring the circles for emphasis.• 
Shelle--"They helped me remember certain difficult 

concepts better." 

2) What did you like least about concept circle 

diagrams? 

Kark--'"Being imaginative.• 

Hichelle--••sometimes it was hard to come up with 

one." 

Joel--"It took a long time to do just one if you 

were serious about getting a good one.• 

Shelly--"It took time to look everything up, read 

it, understand it, and then put it down." 

Heidi--"Figuring out what to put where.• 

Troy--"The work and extra time needed to make a 
good one,• 

Jerry--"They were restrictive in that the number of 

circles to use was limited--although you 

could always telescope them." 

Lori--"I didn't always know how to group things 

together." 

unsigned--"Sometimes they were a pain when I had 

tons of other homework. •• 

unsigned--"They tended to be very basic.• 

Lynn---Having to do so many,• 

Carmen--'~ot being able to use them on tests." 

unsigned--,.I'm used to studying my notes and it 

was hard to switch to a new study aid," 

3) For what ideas did the concept circle diagrams seem 

most appropriate? 

Jim--"family·relationships" 

Kark--~~major ideas" 

Carmen--''concepts that fit together" 

Shelly--•time sequence and parts of wholes" 

Heidi--"things with details or branches of 

information" 

James--"sequential or family relationships" 
Shelle--.. summarizing a chapter" 

· Joel--''closely related subjects" 
Lorna--"factors affecting ••• •• 



unsigned--"ideas that can also be put into outline 

form" 

Jerry--"concepts containing a number of components 

or steps" 

unsigned--"testing our understanding" 

Rick-.,."time relationships" 

James--"! think they help show relationships in an 

understandable way.R 

! Preliminary Assessment Qf Concept Circles 

Often the introduction of a new instructional technique 

is accompanied by a plethora of unsubstantiated claims. 

Concept mapping and vee diagramming have been tested in a 

variety of educational settings and their value as meta

cognitive tools and instructional aids has been documented. 

It is premature to judge whether or not concept circle 

diagrams will join them as a valuable tool for meaningful 

learning, The purpose of this paper was to describe, compare, 

contrast, explain, then anticipate applications for concept 

circle diagrams. 

If what has been presented in this paper withstands 

close scrutiny, I see that following features of concept 

circle diagramming as its strengths: 

1.) it is a way of introducing students to the basic 

concepts of metal.earning prior to concept mapping; 

2,) it is especially appropriate for examining inclusive/ 

exclusive relationships between bounded, taxonomic 

concepts; 

3.) it is an alternate way of encouraging students to 

reflect on what they are learning and to share 

meaning through words and diagrams; 

4,) it demonstrates that principles of graphic perception 

can be used in constructing a metacognitive tool; and, 

5.) it yields an approximation of what the learner knows 

about a prescribed subject and can also reveal 

~onceptual difficulties, misconceptions, and 

alternative explanations students harbor, 

Hoving Focyard 

Kossyln (1980) contends that much of what we know 

can be represented in several different ways (e.g,, prop

ositions, images) and that particular representational 

formats may be most efficient for performing various 

cognitive tasks, In addition to subject-specific diagrammatic 

tools, science educators need broadly applicable diagrammatic 

tools to help students understand how science works to 

produce new knowledge and to help students learn how to 

learn science. 

In partial response to the important issue raised by 

Texley (1984) in an editorial to the readers of Tbe Science 

Teacher in which she wrote: "Despite our shared desire to 

teach relevant, meaningful science, publishers and institutes 

of teacher education have provided teachers with few tools 

to assess more than rote memory," concept circle diagrams 

(along with concept maps and vee diagrams) may be used 

not only to promote learning and understanding but to 

assess it as well, 

Because this is a paper about a new metacognitive tool, 

it seems appropriate to summarize the conceptual relationships 

that were stressed in this paper by using concept circle 

diagrams. Figures 7, 8, and 9 are included for that purpose. 

Stigler (1984) concluded: "Indeed, perhaps the most 

powerful tools a culture can provide to the developing child 

will come in the form of specialized mental representations 

that are passed down through education." Perhaps the concept 

circle diagram is such a tool to be shared with today's 

children. 

At the end of their seminal article introducing educators 

to the concept mapping technique they developed, Stewart, 

Van Kirk, and Rowell (1979) invited use and testing of the 

technique by others "in order to add empirical validity 

to the idea. •• I extend a similar invitation for concept 

circle diagrams, 
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Figure 7. 

Components of the 

Concept Circle Technique 

The concept circle technique has its roots in 

Ausubelian learning theory, Leonhard Euler's 
logic diagrams, visual perception research, and 

modern constructivist epistemology. 

Figure 8. 

A Comparison of the Strengths of 

Concept Maps and Concept Circle Diagrams 

in Revealing Cognitive Structure of the 
Learner 

The meaning of most 
science concepts is derived 
from relationships of 
hierarchy or taxonomy. 

-
--

... 
' ' ' ' ' 

Hierarchical relationships may best 

' 

be revealed using concept maps; 
taxonomic relationships (.especially 
inclusive-exclusive ones) may best be 
revealed using concept circle diagrams. 

' ' ' ' 



Figure 9, 

A Proposed Sequence of Instruction 

Using Diagrams to Learn How to Learn 

Science 

basic 
principles of 
metalearning 

and 
meta knowledge 

(t) 

It is proposed that students be taught how to 

learn science using diagrams presented in this 

order: basic principles of metalearning and 

metaknowledge, concept circle diagramming, 

concept mapping, vee diagramming, and 

subject-specific diagramming. 
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SchooJlni and the development of metacognltion 

Miriam A. Wolters 

Introduction 

The basic purpose of the study is to develop an Instrument to 
measure metacognition and to determine the effects of schooling 
on metacogni tion. 

The concept metacognition is introduced by Flavell (1976). He 
defined metacognitlon as "knowledge that takes as its object or 
regulates any aspect of any cogmtive endeavor" (In:Brown & 
Campione 1981, p.5Zl). Since then the term has been used in the 
developmental area to refer to somewhat separate phenomena: know
ledge about cognition and regulation of cognition. The first 
phenomenon is concerned with a person's knowledge about his own 
available cognitive means. The second is primarily concerned with 
self-regulatory mechanisms during an ongoing at tempt to learn or 
solve problems. 

It IS the second class of act1 v 1 t1es we are concerned with in 
this paper. ThlS class of metacognit1ve actiVIties involves con
tent-free strategies or procedural knowledge such as self-inter
rogation skills, self-checking, and so forth. In other words 1t 
1S an activity by means of which the learner manages hiS (or her) 
own thinking behavior. Brown (m Heichenbaum c.s 1985) summarizes 
these metacogn1t1ve activities as including: 
1. AnalyzJng and characterizing the problem at hand; 
2. Reflecting upon what one knows or does not know that may be 
necessary for a solut10n; 
3. Dev1smg a plan for attacking the problem; 
4. Checking or monitormg progress. 
A central problem 1n the research area on metacoemt10n IS the 
adequacy of the assessment techmques designed to measure meta
cogmtion. He1chenbaum, Burland, Gruson & Cameron (1985) consider 

several different techmques that can and have been employed to 
11tudy metacognitive activities in children. The assessment proce
dures considered are interviews administered both concurrently 
and on a post performance basis, concurrent think-aloud assess
ments and task and performance analyses. They point out both the 
advantages and disadvantages of these techniques. One of the 
pitfalls of the interview and think-aloud techniques is that the 
data yielded by such techniques are problematic. The most serious 
problem has to do with the interpretive difficulties that arise 
from a subject's inability to verbalize answers or thinking 
pat tern. The absence of an adequate response does not necessarily 
mean that the subjects were not involved in metacognitive activi
ties. Gruson, for example, showed that there are subjects who, on 
the basis of observations, manifest consistent strategies, but 
who fail to verbalize such strategies. The same pat tern was also 
observed in Burland's and Cameron's data. Thus, the use of Inter
view and think-aloud techniques raises an important theoretical 
issue: do we indeed Jimi t the definition of metacogni tion to the 
subject's abilities to verbalize strategies? 

A somewhat different approach without the above mentioned pit
falls is to assess metacogniti ve involvement on the basis of 
performance directly without the subject's self-report, either 
concurrently or during post performance. Gruson (1985) has shown 
that It is possible to infer the use of metacognitive strategies 
on the basis of repeated pat terns evident while carrying out the 
task. Examples of how one can formally conduct metacogniti ve 
assessment without using self-report comes from the work of 
Sternberg (1983), Butterfield, Wambold & Belmont (1973) and the 
Soviet-psychological work of Isaev (1981!·) and Zak (1985). 

In our research on metacognition we developed the line of 
investigation introduced by the Soviets, i.e. conducting meta
cognitive assessment directly on per-formance, making Jess use of 
verbal questioning and focusing more on behavioral observations. 
The results of studies done by Isaev (1986) revealed three basic 
strategies which in turn are used to measure metacognitive 
functioning; namely manipulative, empirical and theoretical. A 
manipulative strategy consists of actions or moves that are not 
guided by the goaJ. A move is made correctly, but is made because 
moving has to be done. A move does not derive from the subject's 
preceding move and is not the basis for the next move; the moves 
are not linked together. Hostly•a large number of superfluous 
moves is needed to reach the end result. Subjects using an empi
rical strategy approach the task through moves or actions that, 
step by step, change the situation. The subject expects a speci
fic result from a move and takes that into account when making 
the next move. Subjects using a theoretical strategy think over 
their solution process beforehand. These subjects continue the 
search in their mind untill they find the most efficient way of 
solving the task, sometimes testing up to three or four nonoptl
mal alternatives. These sUbJects fmd the most efficient way of 
solving the task durmg the f1rst or second i tern. 

Brown's (1978) four categor1es: analyung, reflecting, planmng 
and checking are m keeping w1th the Soviets description of the 
theoretical strategy. In both cases the Inference HI made that a 
subject thinking about a task IS able to do so 1n a deductive 
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manner. However the Soviet psychologut.s .see the i.s.sue of reflec
tive thinking or metacognition as a continuum beginning with 
manipulative .strategies and eventually progressing towards the 
more theoretical strategies. The ta.sk.s measuring metacogm tion 
in this study are designed in a manner that allows the observer 
to draw inferences about the level of metacognit1ve functioning. 
The task itself is constructed to elicit differential .strategies 
when the tasks are solved. Associated with the task are specific 
scoring procedures, that reflect the different strategies used by 
subjects when solving a given task. For example, the tasks of 
this study scored 1-3 reflect responses that are categor1zed as 
manipulative, likewise the remaimng responses categorize either 
empirical or theoretical responses. The tasks and scoring are 
also designed so that subjects who change strategies may also be 
identified. In addition the tasks are novel to the subJect and 
require no special knowledge. Moreover, subjects are motivated to 
do the task which are constructed so that nobody can do 1t wrong, 
there must be no failure. The only thmg that matters is the way 
in which the subject handles the task. 

METHOD 

Subjects 

Four populations were used for this study. Two populations were 
selected from "regular" Dutch schools and two populations from 
"special" schools with mentally retarded children or slow lear
ners. The regular and special schools each were represented by 
schools with predominantly ethnic minorities and schools with 
predominantly Dutch students. Students from the regular schools 
varied In age from 6-13 and students from the special schools 
varied in age from 8-13, because hardly any 6- and 1 year olds go 
to the special schools. Fig.1 illustrates the populations for the 
study. 

ethnic native 
minority dutch total 

regular 2~ 110 134 

special 26 29 55 

fig.1 Populations and number of subJects 

Procedure 

Three metacognitive tasks: the strip-, tower- and mole task were 
administered indi v !dually to all subJects in two 30- minutes 
sessions. In the first session the str1p- and tower task was 
given to the subjects and in the second session the mole task. 
The tasks were administered by an experimenter giving the In
structions and an observer making the protocol.s. 

Instrument-s 

Three tasks were used: the strip task, the tower task and the 
mole task. Instruction and scormg of these tasks Will be lllus
tratea by a detailed description of one of the tasks: the .strip 
task. 

5rRIP TASK 

The str1p task was originally developed by the Sov1et psycholo
gist Zak (in Wolters 1962) and was designed to measure reflr':tlon 
as the dominant metacognitive skill. 

The material used is a plate with an area of 30 x e.o em on which 
two parallel lines, with a distance of 15 em. 
Strips are used 1n the followmg numbers and measures: 

stripindex 1 2 3 ~ 5 e. 1 6 9 10 11 12 13 1~ 15 1& 
length 3 e. 9 12 15 16 21 2~ 21 30 33 3& 39 ~2 ~5 ~8 
number 10 10 10 5 5 5 3 2 1 

The length 1s g1ven 1n em. All strips are 3 em wide 

SET UP 

strips 

fig.2 Set up of strip-task 

INSI'RUCTION 

The Instruction to the subjects lS as follows. The subject is 
.shown a model strip and asked to make a strip the same length as 
the model. The SUbJect IS g1 ven a number of str1ps of varying 
length and then told a specific number of str1ps to use when 
constructing a length equal to the model (flg.l). It is empha
sized that he has to thmk carefully before setting out to solve 



the task. 
Before starting the items two introductory items are presented: 

first a model .strip with a length of 9 units is presented and the 
subject is instructed to build a matching :strip with two parts. 
The item is coded as 9(2); the 9 indicating the length of the 
model and the (2) indicating the number of parts to be used in 
matching the model. 

Task items: 10(4), 14(5), 13(6), 12(7} 

After the subjects have done four i terns they are given instruc
tions designed to encourage them to think about the task before 
they actually begm to select the strips to match the model. They 
are told "from now on we w11J see how much time you need to do a 
strip". The subjeCts are told that they can take as much time as 
they want to think about the problem and that they will be timed 
only when they begin selecting and placing the strips. For this 
second phase four additional items are presented to each student. 
This second phase is used to determine if students change the 
strategy they used in the first phase as a result of the intro
duction of instruction prior to the second phase items. Perfor
mance time is taken for items: i6(9), i5(8}, 11(7) and i3(6}. One 
item 13(6) is used twice, once before time instruction and once 
after time instruction. This item is meant as an extra check to 
see if subjects change their .strategy. 

SCORING 

rrDi SCORING 

score 0 
Subject does not understand the instruction despite repeated 
explanation. 

Manipulative category (includes :scores i,2 and 3) 

This category includes behaviors that are haphazard and without 
any planning. The subject is unaware of the end result until 
after it has been accomplished. It is only at that time that the 
.subject recognizes that the task is completed. The .subject be
haves according to the rules attempting to match the model in 
length but looses track of the requested number of strips. The 
subject placed in this category is characterized by placing and 
replacing the strips ("removing behavior") eventually using the 
correct number of .strips with Jess and Jess removing behavior. 

score i 
The subject .shows "removing behavior". That is, a subject puts 
down one or more strips, removes all or some of them, and starts 
all over agam. Sometimes the item eventually goes wrong because 
of all the removing the subject has forgot ten the number of 
strips to use. Mostly the subject is satisfied as soon as she or 
he has the proper length. 

16(5): 9 - 7 - 1 - 4 

L 3 - 2 Ltz 
"'4 

1.,1 

l.t2 - 1 

score 1 example: sue 9 strip is removed and replaced by size 3 
and sue 2, 2 is removed and replaced by 4 etc. In the end the 
length 1s correct, but there are six str1ps instead of the re
quired five. 

score 2 
The .subject shows remov1ng behavior, but eventually each item is 
correctly carried out. 

i6(5): 9 - 6 - i - 4 
I 42 
4 4- 2 

~4 
Lti 
42- i 

score 2 example 

score 3 
One or two strips are removed and replaced. 

i3(6): 6 - 3 - 3 L.) 
2 
~ 2 - i - i 

score 3 example 

Empirical category (Includes scores 4 and 5) 

This category implies that a .subject has a strategy in mind, 
characterized as inductive and recognizes the goal of the task. 
The subject has no need to remove strips once they are placed, 
but rather adjusts the size of the strips as the task is being 
solved. The behavior of the subject is in a step by step fashion, 
placing one or two strips, making a decision, placing another 
strip and adjUsting the next and continuing in this fashion until 
all the .strips are correctly placed. The distinction between 
score 4 and score 5 is the size of the "step", with the number of 
strips considered together larger in those scored 5 then 4. 

score 4 
The subject shows non-removing behavior. The .stnp.s are put down 
one by one. In the following 1llustrat1on the .subject places a 
sue 2 strip and counts aloud one and contmues to count aloud as 
each strip 1s placed, flnally pJac1ng the last strip and .say1ng 
"7". 
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12(7): 2 - 1 - 2 - 3 - 1 - 3 - 1 

score q example 

score 5 
The subject puts down the str1ps one by one. There are strips 
with only two different lengths and these two different strips 
are joined together. In the following illustration the subject 
places five 2-strips one by one and then says this is "five" and 
I need two more. 

12(7): 2 - 2 - 2 - 2 - 2 - 1 - 1 

score 5 .example 

Theoretical category (includes score & and 7) 

The behavior in this category is the most efficient as the 
subject proceeds in a deductive manner. The subject does all the 
planning prior to the ~ime he actually does the placement of the 
strips. In this fashion the subject takes a stack of strips one 
less then the necessary number, places these in correspondence to 
the model and then determines the size of the last strip comple
ting the comparison. 

score 6 
The subject. picks up a pile of small strips one less than the 
required number, put them quickly down and adds the last strip to 
make it. equal. An estimation error is sometimes made with the 
completing strip. 

15(8): 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 
.. 8 

score 6 example 

score 1 
The same behavior as with score & is shown, but without 
estimation errors. 

15(8): 1 - 1 - i - - 1 - 1 - 1·- 8 

score 1 example. 

The strip, tower and mole task each consist of 6 i terns. After 
four items a moment of reflection for the subject u induced. 
This happens indlrectly by way of a special instruction. In the 
strip task a reflection moment is induced, as we have seen, by 
indicatmg to the subject the need to think before solv1ng the 
task which is t1med. 

The activity in the tower task is to find a speclflc tower by 
asking questions about the propertles of the different towers. 

The goal is to fmd the tower 1n a mimmal number of questions. 
The actitivity in the mole task is to f1nd the shortest route of 
a mole to his foodplace 1n a structured garden. In each task 
after four ltems the subject is given the opportunity to think 
about the efficiency of the strategy used and possibly change the 
strategy to a more efficient one. 

For each of the three tasks a score-level was calculated by 
taking the mean score over the eight items. 

Apart from a score-level a so called code-level was calculated, 
mdicatmg the effect of the moment of reflection mduced halfway 
each task. The procedure to obtain the code-level for each task 
is as follows: for each of the three tasks for the first four 
items and the second four items scores were placed in one of the 
three categories: manipulative - empirical - theoretical. It was 
then possible to obtain a coded score for each subject on each of 
the three tasks based on whether or not the strategy changed from 
the first to the second phase of each task. These coded scores 
were placed in a numer1cal hierarchy from 1 to 1 with a code
level of 1 demonstrating the strategies using the least metacog
nition and a code-level of 1 demonstrating the most. For example, 
a subject with a code-level of 1 on the strip task would have 
used a manipulative strategy for the first four items and conti
nued With a manipulative strategy for the four items after re
flecting was requested. A subject coded & uses an empirical 
strategy for the first four items and changes to a theoretical 
strategy for the second four items. Fig.3 illustrates the seven 
code-levels that were used. A student. with a mean score smaller 
than 3.50, falling between 3.50-5.00, or greater than 5.00 was 
classified as manipulative, empirical or theoretical respective
ly. The criteria for change from the flrst four items to the 
second four items is that the dHference between the mean score 
achieved on the second four items had to be equal or greater than 
0.75 than the mean score achieved on the first four items. In 
addition the mean score for the second four items had to fall in 
a catesory above the mean score of the first four items. 

mean score mean score 
item 1-q item q-8 

code i manipula t1 ve remains manipulative 
code 2 empirical changes mampulatl ve 
code 2 theoretical changes manipulative 
code 3 manipulative changes empirical 
code q empirical remains empirical 
code 5 theoretical changes empirical 
code 6 empirical changes theoretical 
code 1 theoretical remains theoretical 

f11P Calculation of the code-levels 



Results 

VALIDATION 

To validate the measure of metacogmt1ve sk11J, we computed 
correlations between the three tasks on score- as well as code
level. All the correlations fall between A9 and .69 and are 
sigmflcant (p < .005). Therefore, the metacogmt1ve measures a1'e 
related hlghly to each other. 

E:IlOOC HINCEITY AND NA TIYE DUTCH POPUI..A 1101-IS 

The means and standard dev1at1ons of the score-level over the 
three tasks for the respectiVe populations are: ethnic mmor1ty 
3.79 (SD = 1.16); native dutch ~.17 (SD = 1.23). For differences 
among means , a t-test revealed a non-significant difference 
between ethnic minority and native dutch populations (t = 1.87, p 
= .06). The means and standard deviations of the code-level for 
the respective popula t1ons are 3.70 (SD = 1.62) and 3.91 (SD : 
2.08). A t-test revealed an even smaller non-sigmficant differ
ence between ethmc minority and nat1ve dutch populations (t : 
0.7~, p: .~6). When we look at the two populations within the 
regular and special schools respectively, results similar to the 
above are obtained 

Thw, with re.spect to metacogm ti ve measures we are dealing with 
one population instead of two. This is d1fferent from what we 
would expect, for, when scor1ng scholastic achievement.s ethnic 
minorities score lower than native students. One explanation for 
this finding might be that the tasks at hand are less culture 
bound then the scholast1c tasks. Another explanation could be 
that these tasks do not 1n any way measure verbal skills. For any 
further data analysis we will not make a distinction between 
ethnic minority subject.s and native dutch subjects. 

All subjects are assigned to grades according to their chronolo
gical age. One has to bear in mind that a student from the 
special school with the same chronological age as a student from 
the regular school does not have a mental age comparable to the 
regular student. For reasons of SlmphcltY we have only made 
groups on the basis of grades according to chronological age. For 
example a 10-year old special school student 1s classd1ed as a 
fourth grader. This also means that for the spec1al schools we 
have no groups of flrst and second graders, because there are 
hardly any 6 and 7 year olds in special school:<. 

The results of a trend analysis of score-level over the three 
tasks w1th grade for the two schooltypes 1s depleted 1n f1g.~. 
The correlation bet ween score-level and grade is for the special 
school group .i9 (p .08) and for the regular school group ,q7 
(p = .005), 1nd1catlng that the Increase of score-level w1th 
grade 1s .!<lgmflcant for the regular school subJects and that 
there 1s no s1gn1f1cant Increase w1th grade for the special 

school subjects. S1m11ar results are obt.ttned for e.tch task 
separately. 

Means, standard deviations, t-values and p-values of metacogni
uve score-level over the three task.!< for grades 3-5 for the 
respective schooltypes are given in table I. A significant dif
ference on metacogm tive score-level bet ween the regular - and 
special school .!<tudents 1.!< not found until the students are in 
the fourth grade, when they are about 10 years of age. The im
pression is that before age 10 the differences on metacognitive 
score-level are not yet manifested. 
Before Interpreting and ducusswg the preceding results, we w1JI 
consider the result:< on metacognitive code-level first. 

The results of a trend analysis for metacognitive code-level over 
the three tasks with grade for the two .!lchooltypes is depicted in 
fig.5. The correlatiOn between metacognitive code-level and grade 
is for the special school group .09 (P : .23) and for the regular 
school group .~6 (p : .001). Metacognitive code-level show.s even 
more clearly than metacogmt1ve score-level that the regular 
school subjects develop significantly with age with regard to 
metacognitive skill. Apparently, the special school subjects do 
not show a significant rise 1n metacognitive code-level from age 
8 through 13. Similar results are obtained for each task .separa
tely. 

Means, standard deviations, t-values and p-values for 
metacognitive code-level over the three task.s for grades 3-5 for 
the respective schooltype.s are shown in table 2. 
For metacognitive code-level, as i.s shown in table 2, the signi
ficant difference between :opecial school subjects and regular 
school subjects does not appear at grade ~. as wa.s the case with 
the metacognitive score-level, but one year later at grade 5. 

Discussion 

HETAannTIVE s:rm:-u:vEL AND METAa::GNITIVE CDDE-I..EVD.. 

Is 1t relevant to make a distinction between metacognitive score
level and metacognitive code-level? The results of this study 
show clearly that metacogm ti ve score-level and metacognl ti ve 
code-level are related but d1s t1nct measures. The respective 
graphs 1n f1g. q and 5 1nd1ca te a d1 fference in slope and star
ting po1nt. The slope of the metacogm ti ve code curve 1s steeper 
than the curve for the metacogmtive score curve for both the 
regular and spec1al school group. The regular school subjects 
seem to start at a lower level in the first grade for the meta
cognitl ve code-level compared to the metacogni ti ve score-level. 
The difference in starting-point for the special school subJects, 
when they have the age of a third grader, is diffiCUlt to judge 
because there is not much change anyhow in both the score and 
code curve over the grades. 
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regular special 

grade mean so mean so t-value p-value 

3 4.27 1.18 3.31 1.88 1.62 . 13 

4 4.85 .76 3.41 l. 70 ::.45 .OJ* 

5 4.64 . 57 3.73 1. 08 ::.88 .cog•• 

6 4.92 .81 4.00 .56 3.76 .001"'* 

table Results of " t-test for differences among means of 
levels for grades 3-6. *Significantly different 
p ( .05; ••significantly different with p ( .01 

6 score 
level 

5 

4 

3 ---- ---

2 

------

3 4 5 6 

grade 

f1g.'l The relatlon between metacogmt1ven score-level over the 
three tasks and grade for spec1al and regular schooltypes. 

score-
with 

regular spec1al 
grade mean so mean so t-value p-value 

3 4. 04 1. 69 2.66 2.50 1 73 .10 

4 4.45 1. 76 3.64 2.43 1. 21 .23 

5 4.82 1. 39 3.47 1. 55 2.79 .o1• 

6 5.25 1.34 3.36 1. 51 4. 12 .oo•• 

table 2 Results o£ a t-test for differences among •eans of code
levels for grades 3-6. •significantly different with p < 
.05; ••significantly different with p < .01. 

6 code 
level 

5 

4 

3 

----

2 

2 3 4 5 6 
grade 

flg.5 The rei a tlon bet ween metacogm tl ve code-level over the 
three t.lsks and grade for spec1al and regular schooltypes. 



The difference m def1mt10n between .score-level and code-level 
has to do w1th measurmg and ldentlfymg a change m strategy, 
after reflect10n has been asked for. A change ln lltrategy u 
expllc1tly represented m the code-level and th1s u not so in 
the score-level. So the metacogmt1ve code-level g1ves Informa
tion about the kind of strategy a sUbJect uses and a possible 
change 1n strategy whereas the metacogmtive score-level does not 
give thiS 1nformat1on. For example, a subject us1ng a theoretical 
strategy for the flrl!t four items and then sw1tching to an empi
rical strategy for the second four I terns might score the same as 
a subJect switching from empirical to theoretical. The first 
subJect, however, would be assigned to code-level 5 and the 
second subject to code-level £.. This 1s one of the reasons why we 
prefer the metacognitive code-level as a measure for metacogm
llve skill. But there u another reasons why we prefer the meta
cognitive code-level above the metacogm t1 ve score-level. When 
extrapolating the code-level curve of the special school group to 
the first grade there is no difference in starting point for the 
two groups. The special school student and the regular schcol 
student both start in the first grade at the same metacogmtlve 
level. F1g 5 corresponds more with reality than fig.~. Usually at 
the start of the first grade there are no noticable differences 
yet between retarded and nonretarded students. Only in the course 
of the first or second grade a dl fference is noticed by the 
teacher and then the students may be refered to a special school. 
The results of var1ous other studies menuon this phenomenon 
(Brown 1976). It is in the context of schools, particularly 1n 

the later grades, that great emphasis is placed on decontextua
lized skills of knowing, the learning to learn skills. The slow 
learners or the mentally retarded are the ones who have problems 
grasping these skills and consequently they are diagnosed as slow 
learners. 

It is obvious from f1g.5 and table 2 that spec1al school students 
and regular school students differ in metacognitive skills and 
development. Metacogni Uve development of the special school 
lltudents is impaired. There is a significant rise in metacogni
t1ve level for the regular school student but not for the special 
school student. Wlth the re~ults of this study it might be pos
sible to 1dentify characteristics of metacogmtive functiomng 
wh1ch are lac1<1ng or reduced in retarded students relative to 
nonretarded students and which are wholly or m part responsible 
for the observed performance differences on the tasks presented. 

At this point we would like to recall some characteristics of the 
metacognitive code-levels. There are as we have seen, three 
levels where a .strategy remains the same for the first and 
second phase of the task: level I, J! and 7. Level 1 1nd1cates a 
mampulatlve or haphazard strategy throughout the task. Level J! 
mdicates an emp1r1cal or mductlve strategy throughout the task. 
Level 7 ind1cates a theoretical or deductive strategy throughout 
the task. Level 3 and 6 are interestmg metacogmt1ve level.!i from 

a developmental point of view. In these two levels a progressive 
change is taking place. In level 3 the !ltudent uses a manipula
tive strategy in the first phase of the task, and after requested 
reflectlon changes the strategy to an empirical one which is 
higher in the metacogni tJ ve hierarchy. In level & a change takes 
place from an empirical strategy to a theoretical strategy. A 
student using a theoretical strategy, i.e. using the most meta
cognitlon, is able to select, modify and sequence actions into an 
overall plan or procedure and then oversee and evaluate the 
effecacy of the approach selected. By introducing a moment of 
reflection halfway the tasK, as we did in our research, we urge 
the student to do Just that, use his or her metacognitive poten
tial and evaluate the effectiveness of the strategy used during 
the first phase of the task. 

The special school group is a homogeneous one in that no one is 
classified as attaining code-level 7, whereas some of the regular 
students in the higher grades do indeed reach level 7. Characte
ristic for a 10-year old average regular student is the use of an 
empirical strategy, whereas an average 10-year old retarded 
student is characterized by the use of a manipulative strategy or 
a strong inconsistency in strategy use, i.e. Jacking any plan to 
form a plan resulting in haphazard behavior. This characteristic 
i.s one aspect in which a retarded child differs from a nonretar
ded child of comparable chronological age. 

Although according to table 2 the differences in metacogni Uve 
code-level between retarded an d nonretarded children become 
significant only in grade 5, care must be taken not to draw 
premature conclusions. Such a conclusion could be that this 
metacogn1t1ve difference only arises at this time, because in the 
lower grades it Is not significantly manliest. It is most likely 
however that this slowed down metacognitive development has been 
going on' for quite a while. Why it is necessary to pay attention 
to this point is explained in the next paragraph. 

We write about t.he group of retarded children as though it were a 
homogeneous one while in fact it is a heterogeneous group of 
children. It is true that retarded ch11dren often did use a 
manipulative strategy, but there were also retarded chtldren who 
changed their manipulative strategy into an inductive strategy 
(level 3} after reflection wal! requested and some chlldren even 
used an mductive strategy throughout the task. Our main concern 
at this point is the level 3 children, the chlldren who profit 
from reflection. Contrary to the common opinion that retarded 
children lack any metacogm t1 ve skill and that it is useless to 
call on it, these chHdren can progress 1n their metacogni ti ve 
development and with whom instruction aimmg at reflective think
ing may be effective. Rather the question is whether at the 
special school these very children receive the instruction that 
gets them started to make use of the1r metacogmUve potential. 
Because, 1f these children are not stimulated by explicit in
struction then the1r metacogm t1 ve development Will not progress. 
As shown above promptwg IS a necessary condition for these 
Children. 

527 



528 
The results of thu research show that not only there are deflm
tely d1fference.s m metacognitive development between retarded 
and nonretarded students but also that some retarded students 
tend to use the1r metacognitive potential lf they are mot1vated 
to do so. 
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Cognitive and Affective Outcomes for Junior High 
Students Using Two Electricity Simulations Pro
duced by the Microcomputer Software in Science 
Project 

by 

Warren E. Yasso, Ph.D. 
Dept. of Mathematics and Science Education 

Teachers College, Columbia University 
New York, N.Y. 10027 

The Microcomputer Software in Science Project 
began in Sept., 1984 after competition for award 
of a development contract from a major, non
profit, New York State electric utility company. 
The contract called for classroom teacher 
participation in the development and testing of 
electricity concepts which were to be programmed 
for use in sixth through ninth grade science 
classes. There was to be free distribution of the 
resulting software and ancillary materials to all 
interested middle school/junior high school 
teachers in New York State. 

Approximately 50 teachers participated in 
explicating the concepts and pedagogy to be used 
with average students at the targeted grade 
levels. Simulation programs were chosen by the 
teachers as the type of software best suited to 
use in typical science classrooms across New York 
State. Because of their popularity in New York 
State the Apple II+ and lie systems were chosen as 
the machines for which programs would be written. 

The entire development process for the programs 
resulting from the project is described in a paper 
being prepared for publication by the author. 
Detailed reports on the first and second rounds of 
project software testing are contained in doctoral 
dissertations prepared or being prepared by 
students of the writer 

This report is intended to make available a 
preliminary quantitative assessment of the 
cognitive and affective outcomes resulting from 
use of software produced during the three-year 
development project at Teachers College, Columbia 
University. Quantitative evaluations of any type 
of software are rarely attempted and even more 
rarely reported in the literature available to 
teachers and teacher educators. Therefore, it is 
difficult to make informed decisions on the types 
of software or software titles that would be most 
efficacious in a particular science program. It 

is hoped that this paper will be seen as one 
effort to begin a dialog through which science 
teachers and science education faculty in colleges 
can take a more active role in specifying criteria 
for development and use of computer software in 
school settings. 

Seven, menu driven simulation programs were 
conceptualized by project teachers and staff. Of 
these, two were chosen for programming by another 
contractor working for the electric utility 
company. 

The first simulation, Watts in a Home, focuses 
on concepts relating to the logical and efficient 
use of home appliances during part of a typical 
day. Teams of two students attempt to function 
within a budget for electricity cost and to 
use combinations of appliances that do not exceed 
the maximum wattage (amperage) allowed for the 
house. 

The second simulation, Power Controller, 
stresses concepts relating to the hourly variation 
in power demand by a medium-size community. A team 
of three students is responsible for supplying 
uninterrupted electrical power, at minimum cost, 
to the community by use of up to four different 
power sources. 

Block I (Energy Sources and Issues) of the New 
York State curriculum for middle/junior high 
schools became available as we were well into the 
explication of software concepts. Happily, the 
concepts of the two programs fall within the 
Concepts and Understandings detailed in Block I. 
They are found, also, in most of the commercial 
textbooks used by New York State teachers. 

Software content goals were easily translated 
into behavioral objectives. Of greater difficulty 
was the goal of making the software, and its 
operation, self explanatory through on-screen text 
and tutorials. A third goal was to design the 
programs for game-like operation in the hope of 
enhancing student enjoyment and learning. 

A first round of testing was accomplished in the 
spring of 1986 in three classes per grade level (6 
through 9) at public schools in counties to the 
north of New York City. Gain scores, affective 
responses and written comments by the students led 
to modification of the software. In addition, a 
six-lesson curriculum package was developed. It 
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specified pre-simulation and post-simulation 
reading and homework assignments, hands-on 
laboratory assignments and audio visual material 
to be used with the simulation software. Teachers 
were encouraged to have an extra computer lab 
period for practice with the software. This 
suggestion arose from comments by some students 
that they were not experienced with operation of 
computers. Also, some needed more time to 
familiarize themselves with philosophy and 
operation of the programs. 

A second round of testing was accomplished 
between late fall, 1986, and late spring, 1987. 
The testing took place in both New York City and 
suburban public schools. The relatively long 
testing period was needed so that teachers could 
integrate the curriculum package into their 
regular teaching schedule. 

The two computer programs and associated 
curriculum elements were used by a total of 323 
students in grades six through nine. Of these, 
only 292 students completed the pre- and post-test 
evaluation instruments. Some variation exists in 
the non-computer elements of curriculum used by 
individual teachers. Therefore, the number of 
affective responses is reduced because of 
procedural and personal factors. 

A 22 item, four-choice multiple-choice test was 
administered both before and after instruction. 
The sequence of answer choices for each question 
was changed for the posttest. Table 1 gives the 
raw data for pretest and posttest scores, by grade 
and gender, and gain. Pretest scores are above 
chance expectation for all grade levels. This 
suggests a fair amount of prior knowledge
especially among students at the three higher 
grade levels. 

A repeated measures analysis of variance was 
performed on the data. As shown in Table 2 the 
main effect for improvement from pre- to post-test 
was statistically significant at the one percent 
level, as was the interaction between improvement 
and grade level. 

Data on individual student reactions to the 
program were obtained by use of questions having a 
five-point Likert response scale. Table 3 presents 
overall responses relating to the amount of 
learning resulting from use of the program. 
Similar data for instructional procedures are 
given in Table 4. Average responses were positive 
to very positive for all items on the 

opinionnaires. The positive attitudes toward the 
organization of the software, case of computer use 
and working with a partner are especially 
gratifying in light of the effort expended in hope 
of achieving such results. 

Graoe 

6 

7 

8 

9 

Total 

Table I 

Means aM 5tan<laro Deviations or Pretest, Post test ano Gains 

Broken Down by Graoe ano Genoer 

Watts In a Home 

Pretest Post test Gains 

M F Total M F Total M 

N 20 26 46 20 26 46 
Mean 81 98 90 8.6 II 0 10.0 5 13 

sO 35 2.4 30 2.7 28 30 

N 48 72 120 48 72 120 
Mean 10.8 10.8 10.8 10.6 10.3 10.5 -.2 -.<I 

S.d. 10 2.7 2.8 32 32 32 

N 39 7 46 39 7 46 
r1ean 11.6 I 1.0 11.5 12.0 116 12.} 4 2.6 

S.ll ).0 1.8 2.5 2.8 I.J 2.7 

N 32 48 80 32 48 BO 
t1ean 12.7 12.7 12.7 14.8 14 7 47 2.2 2.0 

Sd. 2.7 2.4 2.5 3.0 3.2 31 

N 1:19 153 292 139 153 292 
Mean I I I 112 II I I 1.7 12 .. 0 I I.B 6 8 

':>.d. 3.3 2.7 3.1 3.6 3.6 3.6 

Total 

9 

-.3 

.7 

2.1 

7 



Taole 2 

summary or Repeated Measures N¥JVA 

or Pretest and Posttest scores by grade aM sex 

Watts In a Home 

Source dr MS 

Between 

Grade J 445.8 

Sex 29.8 

Grade x Sex J 29.2 

Error 284 12.J 

Within 

Score difference 100.7 

Score difference x Grade J 45.8 

Score dirrerence x Sex 96 

Score aHrerence x Sex x Grade J 5.8 

Error 284 46 

*Sigmricant at p < o 1 

Table 3 

Student Self-Ratings or Amount or Learning ror Each Topic 

OT Watts In a Home on a Five-Point Scalea 

Area N Mean 

a. Understanding electrical curcults 281 J.J 

0. How curcuit breakers work 280 J.6 

c. Wattage reQUirements or appl icances 280 J.7 

a. Appllcance use during day 281 J.9 

e. Computer use 278 J.4 

r. Overall content 281 3.6 

a I • low; 5 • high 

F 

J6.2" 

2.4 

2.4 

21.8" 

10.0" 

2.1 

I.J 

S.d. 

1.1 

u 
1.1 

l.O 

1.4 

1.1 

Table 4 

5tuoent Ratings or various Aspects or Instruction 

In watts in a Home on a Five-Point ScaleG 

Area N Mean S.d. 

a. Organization 280 J.7 .9 

b. Ease or rollowmg 281 J.6 1.0 

c. Ease or using computer 280 4J .6 

a. Fit with regular science Instruction 279 J.2 1.1 

e. Work lng wIth partner (aesirabllltyl 276 J.8 u 
r Preslmulatlon homework 2J6 J.2 1.2 

g Postslmulatlon hOmewon: 2J4 J.l I. I 

a I • low; 5 • high 

A 27 item, four-choice multiple-choice test was 
administered both before and after instruction. As 
mentioned previously, the sequence of answer 
choices for each question was changed for the 
posttest. Table 5 gives the raw data for pretest 
and posttest scores, by grade and gender, and 
gain. Pretest scores are above chance expectation 
for all grade levels. Again, this sugests a fair 
amount of prior knowledge- especially among 
students at the three higher grade levels. 

A repeated measures analysis of variance was 
performed on the data. As shown in Table 6 the 
main effect for improvement from pre- to post-test 
was statistically significant at the one percent 
level, as was the interaction between improvement 
and grade level. 

Data on individual student reactions to the 
program were obtained by use of a questionnaire 
having a five-point Likert response scale. Table 7 
presents overall responses relating to the amount 
of learning resulting from use of the program. 
Average responses were positive for all items. 
Similar data for instructional procedures are 
given in Table 8. Average responses were positive 
to highly positive for all items except those 
relating to homework assignments. The positive 
attitudes toward the organization of the software, 
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ease of computer use and working with a partner 
are especially gratifying in light of the effort 
expended in hope of achieving such results. The 
neutral attitude toward "ease of following" 
represents a triumph over the earlier test results 
but suggests that an even greater effort is needed 
to make this relatively complicated program easier 
to comprehend. 

Gr<J<le 

6 

7 

B 

9 

Total 

Taole s 

Means aM Standar<l Deviations or Pretest. Posttest ana Gains 

Broken Down by GraCle an<l GenCler 

Power Controller 

Pretest Posttest Gatns 

M F Total M F Total M F 

N 20 26 46 20 26 46 
Mean 91 10.7 10.0 10.6 12.4 11.6 1.6 1.7 

S.d. 3.7 3.9 3.9 3.4 5.1 4.5 

N 48 72 120 48 72 120 
Mean 12.7 11.8 12.2 16.2 IS.6 15.8 3.4 3.8 

S.d. 5.1 4.3 4.6 5.2 4.6 4.8 

N 39 7 46 39 7 46 
Mean 14.7 15.6 14.9 18.8 19.6 18.9 4.1 4.0 

S.d. 5.2 5.1 5.2 4.8 4.6 47 

N 32 48 80 32 48 80 
t1ean 15.9 16.4 16.2 213 209 21.1 5.3 4.5 

S.d. 4.3 46 45 2.6 3.7 :u 

N 139 153 292 139 153 292 
Mean 13.5 13.2 I 3.4 17.3 16.9 17.1 18 3.7 

S.Cl. 5.2 4.9 5.1 5.5 5.4 5.4 

Total 

1.7 

3.6 

4.0 

-1.8 

3.7 

TaOie fl 

summary or Repeated Measures A~VA 

or Pretest and Posttest Scores by grade and Sex 

Power Controller 

Source (]f MS 

Between 

Grade 3 1380.5 

Sex 18.71 

Graoe x Sex } 3490 

Error 284 31.39 

Within 

Score Cl 1r r erence 1163.8 

Score dlrr erence x GraCle } 52.5 

Score ClHierence x Sex .3 

Score dil r erence x Sex x Grade 3 10 

Error 284 8.8 

"Sigmficant at p < .0 I 

TaDie 7 

Student Selr-Ratlngs or Amount or Learning ror Each Topic 

or Power Controller on a Five-Point Scale" 

Area N Mean 

a. Power demand curve 275 3.2 

b. Power pI ant operation 275 3.2 

c. Generation costs 274 3.5 

d. PumpeCl storage 273 3.4 

e. Computer use 270 3.3 

r. Overall content 275 3.5 

a I • low; 5 • hlgh 

F 

44.0" 

.6 

I. II 

131.5" 

5.9" 

OJ 

.34 

S.d. 

I I 

I I 

I I 

1.1 

I.J 
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Table B 

Stuaent Ratings or various Aspects or Instruction 

In Power Controller on a Five-Point Scale-a 

Area N Mean S.d. 

a. Organizatton 275 J.5 1.0 

b. Ease or rollowing 275 J.O g 

c. Ease or using computer 275 40 g 

d. Fit With regular -;cience Instruction 275 3.1 I I 

e. working with partner <oeslraOIIIty) 275 3.7 u 
r. Presimulat ion homework 2J4b 2.8 1.1 

g Postslmulatlon homeworl<: 220b 2.9 1.1 

a I 2 low; 5 =high 

b A number or students did not rece1ve the homework assignment. 

The two microcomputer simulations about 
electricity, Watts in a Home and Power Controller, 
have proved effective and popular when used with 
an instructional package at the sixth through 
ninth grade levels. The results for av~rage 
students should improve with brighter students. 

The pretest-posttest results suggest that the 
programs, while effective at the sixth grade 
level, will achieve much better results at higher 
grade levels. There is no question in the writer's 
mind that adults who are concerned with electrical 
safety at home and who pay electricity bills also 
will benefit from exposure to the programs. 

Of personal interest to the writer was teacher 
and student attitude toward group instruction in 
science using computer simulations. Personal 
observation and interviews revealed that teachers 
can overcome difficulties in scheduling computer 
rooms for science instruction. Also, they easily 
were able to control a learning situation in which 
students were very actively conversing with 
teammates, and other teams, in an effort to 
develop strategies to achieve good results with 
the programs. 

Of similar interest was the question of student 
attitude toward cooperating with one or more team 
members during the learning situation. The 

affective data confirm that the team effort is as 
popular with computer use as it is with well-run 
laboratory experiences. 

Data reported herein were obtained by Jeff. 
Gold, Eric Rosner and the writer through 
cooperation of six classroom teachers. The data 
were reduced by Eric Rosner, subjected to computer 
analysis by Joseph Dioso and interpreted by 
Professor Harvin Sontag, Teachers College, 
Columbia University. 

All participants in the project appreciate the 
support and encouragement of the electric utility 
company that provided funding for the development 
and testing of the software and other materials 
described in this report. 
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