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RESEARCH REPORT

Characteristics of the methodology used to describe
students’ conceptions

N. Mar¹́n Mart¹́nez, Dpto. de Didáctica de la Matemática y de las Ciencias
Experimentales, I. Solano, Universidad de Almer¹́a, Spain and E. Jiménez
Gómez, Dpto. de Didáctica de las Ciencias Experimentales, Facultad de
Educación, Universidad de Murcia, Spain.

In a paper published elsewhere (Jiménez Gómez et al. 1997), we compared research carried out on
students’ conceptions of force in the decade 1975-85 with later research in the period 1985-95. Only a
slight progression was found in the results offered by different authors.
In this contribution we analyse the research objectives of selected investigations into students’
conceptions of force, their methodological characteristics and their most widely used theoretical
foundations, in an attempt to explain the lack of progress made in this research line. Some suggestions
are made which may help the science teaching profession to understand students’ conceptions better.

Introduction

More than two decades have passed since the need was seen for more attention to
be paid to the conceptions held by students concerning science content (see Driver
and Easley 1978). During these 20 years, a large number of studies have been
published and a new language has come into being among educators and research-
ers to describe the problems associated with the teaching and learning of science.
The studies, most of them concerned with science teaching, have been accepted by
most educators and researchers to make up a ‘theory’ in the postmodernist sense
(Solomon 1994), giving rise to the so-called ‘alternative conceptions movement’
(ACM) (Gilbert and Swift 1985) or ‘social constructivism’ (Gilbert 1995; Mar¹́n et
al. 1999).

In previous papers (e.g. Mar¹́n and Jiménez Gómez 1992; Jiménez Gómez et
al. 1994; Mar¹́n and Benarroch 1994; Jiménez Gómez et al. 1997; Mar¹́n et al.
1997) we have attempted to show that achievements in research into students’
conceptions of the subject matter need to be looked at afresh in a theoretical
context and using a different research methodology. In this paper, we analyse
the most noteworthy methodological characteristics of research into students’ con-
ceptions. Based on the findings of such an analysis we make suggestions designed
to avoid the methodological deficiencies found in this kind of study.
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Selection and classification of a sample of studies on
conceptions

Mechanics was chosen since it is one of the subjects where students’ conceptions
have been most studied (Moreira 1994). However, the enormous number of
articles found led us to restrict our investigations to the principles of dynamics,
more specifically the concept of force and laws related with it.

Another problem was to choose representative samples of research into
students’ conceptions concerning force (Jiménez Gómez et al. 1997). Most
research along these lines is published in the proceedings of congresses and meet-
ings, so they are frequently difficult to obtain. For this reason, we opted only for
those articles published in journals specializing in science teaching. However, this
still meant a very large number of articles and so we decided to concentrate on
articles published in the following journals, which, besides being easily available
(in Spain) cover the object of our research: Enseñanza de las Ciencias, European
Journal of Science Education (now: International Journal of Science Education),
Physics Education and Science Education.

We excluded articles dedicated almost exclusively to theoretical discussion,
even though they may occasionally make reference to students ‘conceptions’ on
force since they do not offer methodological proposals or results. In total, 29
articles were chosen and classified into three categories.

Type 1: works that categorize students’ replies according to their similarities
and differences usually expressed as percentages. The results and conclusions,
which are basically inductive, are linked with the peculiarities of the physical
facts presented in the questionnaire. We have called this group of studies descrip-
tive-physical fact dependent.

Type 2: works that, besides using the above described procedures, attempt to
establish relationships between the different groups of answers corresponding to
the questions on different physical facts. The general applicability of the conclu-
sions reached in this type of study is greater than that of the first type, to such an
extent that the conclusions may sometimes reach a degree of generality that is not
implied in the facts contained in the test. Some authors make predictions as to the
possible answers of students to situations not presented in the questions. As in the
first group of studies, the data are interpreted from the point of view of the logic
of the content. This category of study is referred to as descriptive-physical fact
independent.

Type 3: works that establish relationships between the categories system used
to classify the students’ answers and aspects or variables shown to be relevant in
the cognitive structure of the student, such as cognitive style, short- and long-term
memory, mental operations, etc. We refer to this type of study as descriptive-
relational since they only use descriptive techniques to relate variables, but do
not establish relationships between the students’ answers and those basic cognitive
variables contained in a proper theoretical cognitive context.

Table 1 shows the authors classified according to the above three categories.
Note that small number of studies classified as descriptive-relational makes

this group unrepresentative. The methodological characteristics used in the
descriptive-physical facts dependent group are weaker than those contained in
the independent group. For this reason we consider it sufficient for our analysis
to concentrate on the 18 articles as descriptive-physical fact independent.
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Strategies and categories used in abstracting data from the
selected sample

It is of fundamental importance to respect the original data when evaluating the
methodological procedures used by other authors, although there is always the
temptation to offer one’s own interpretation when recording and categorizing
bibliographical data, a temptation that must be resisted in the interest of improv-
ing methodological studies. Data were recorded using a double procedure: first,
inductive, recording the most relevant data offered by each author and, by using
criteria of similarity and difference, analysing the data common to several authors,
the data particular to one work, the relationships between studies, etc; second,
deductive, based on methodological considerations described in more detail in
previous works (e.g. Mar¹́n and Jiménez Gómez 1992; Jiménez Gómez et al.
1994; Mar¹́n 1995), but briefly:

. The need to base the search for, and definition of, the students’ knowledge
on a theoretical platform which avoids, to the greatest extent possible, bias
and distortion in the interpretation of the data.

. The need to operate with a model of the subjects’ cognitive activity, which
avoids the inductive and descriptive character of investigation, in which the
search is not directed by any type of hypothesis, expectations or foresight.

. The need to use methodological strategies that discriminate between the
responses that reflect some sort of scheme in the student’s knowledge and
those arising from compromise, inventions, or simple chance. Such meth-
odology should:

(i) present a variety of situations in which the topic is involved;
(ii) vary the different factors intervening in the several physical situations

presented;
(iii) ask for likely outcomes (prediction), based on a given initial config-

uration of a physical fact, in order to evaluate the subject’s transfor-
mational capacity; and

THE METHODOLOGY USED TO DESCRIBE STUDENTS’ CONCEPTIONS 665

Table 1. Classification of the articles selected.

Descriptive Descriptive Descriptive
dependent independent relational

Helm 1980; Gunstone and Viennot 1979; Watts and Bar 1989; Acevedo
White 1981; Ivowi 1984; Zylbersztajn 1981; Watts 1982; et al. 1989.
Terry and Jones 1986; Watts 1983; Maloney 1984;
Brown 1989; Clement et al. Ruggiero et al. 1985; Terry et al.
1989; Kruger et al. 1992; 1985; Noce et al. 1988; Boeha
Galili 1993. 1990; Villani and Pacca 1990;

Finegold and Gorsky 1991;
Thijs 1992; Galili and Bar 1992;
Reynoso et al. 1993; Bar et al.
1994; Kuiper and Mondlane
1994; Twigger et al. 1994;
Montanero et al. 1995.
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(iv) weigh up the operational capacity of the subjects using situations, in
which different figurative factors are varied while the variable in ques-
tion is kept constant.

Thus, far from rushing forward to the bibliographical data to see what could
be found, we established a line of study in order to collect data. However, this line
of study was not rigid and interacted continually with fresh bibliographical data.
This permitted us to modify the line of study to include the data (an inductive
process), at the same time as deductive processes showed up certain absences or
shortfalls which might otherwise have been overlooked.

The application of the above strategies to bibliographical data made it possible
to draw up tables 2 and 3 whose content we shall briefly describe:

. Table 2, which is of a descriptive nature, summarizes the bibliographical
data of the selected studies (descriptive-physical fact independent).

. Table 3, which is obtained from the data of table 2, is a synthesis which
reveals the most important methodological data.

Both tables (2 and 3) contain the same columns; which describe:

. what the authors are looking for;

. the procedure used and theoretical framework;

. the techniques used in obtaining information from the student;

. data treatment. In table 3, the single column of table 2 has been subdivided
in order to show: (i) the criteria for grouping and relating data; and (ii) ‘test-
tuning’ and studies on the coherence and reliability of the data.

We describe each of these columns in more detail below.

What are the authors looking for?

This column shows the name of the author(s), the year of publication and the
subject matter of the research. The data recorded answer the questions: what
are the authors looking for? What do they intend to show? We pay special attention
to the terminology used. We also record the authors’ views on the possible persis-
tence, coherence, consistency, etc. of what is being looked for.

In the first column of table 3 we categorize the search for regularities such as :
A.1 laws, A.2 models, A.3 strategies, A.4 beliefs, A.5 theories, A.6 common ideas,
A.7 conceptions, A.8 schemes or alternative frameworks, A.9 ideas which were
accepted at certain times during the history of science.

Procedures and references

We attempt to give an overview of the methodology used in the study concerned
and analyse whether it follows a clearly inductive procedure, hypothetical-deduc-
tive or whether both procedures are used, depending on the phase of the research.

First, we describe the suppositions on which the research is founded, men-
tioning: (i) the authors most cited or considered most relevant to the work; (ii) the
preoccupation of the authors or aspects on which they put most emphasis; and (iii)
the suppositions or foundations presented by the authors as a starting point for
their research.
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We pay special attention to the coherence of such initial suppositions and their
use in subsequent steps of the research in the formulation of hypotheses, construc-
tion of questionnaires, data treatment, interpretation and categorization. In this
way, it is possible to detect any inconsistencies between the various parts of the
work in question. In particular, if the authors set out any hypothesis, we attempt to
see whether these are constantly adhered to throughout the paper.

For the corresponding column of table 3, three aspects are emphasized:

A. The general sequence that the investigation followed: 1. inductive; 2.
hypothetical-deductive; 3. a combination of the two.

B. The explicitly expressed framework, on which the research is based: 1. the
academic content; 2. rules and mental models; 3. historical conceptions.

C. Other works are used to: 1. confirm data; 2. use techniques; 3. evaluate
data; 4. continue the research.

Techniques used to gather information from students

This section describes the sample and the structure of the test. The scheme for
homogeneous data taking is as follows:

. The make up of the sample: number of subjects, level of study and ages,
type of school or university studies.

. Type of technique used for obtaining information (data acquisition):

(i) The questions, are they problem situations which must be solved? Are
they questions on the definition of concepts? Do they refer to everyday
situations? Can the student physically handle materials or are draw-
ings presented? Are predictions and explanations asked for?

(ii) As regards possible variations in factors: do the factors (whether rele-
vant or irrelevant) intervening in the task change gradually? Are the
questions repeated by changing the context or situation?

(iii) Concerning the sought for content: is it explicitly shown up in the
question or is it implicitly involved?

. Are parallel tests given which have previously been shown suitable for
evaluating an important aspect of what the student is supposed to know?
If so, which tests?

. It is important to know whether several tests are given, in which the initial
questions are gradually modified according to the students’ replies? If so,
the reason for using this technique should be considered.

. Any other peculiarities of the study.

To complete column 3 of table 3 (‘Techniques used for gathering information
from the students’), it has been divided into five sections, each with its correspond-
ing categories:

A. Paper and pencil: 1. open; 2. closed with no explanation; 3. closed with
explanation.

B. Interview: 1. individual; 2. in pairs.
C. Type of question: 1. direct question; 2. explanations; 3. predictions.
D. Situations: 1. in drawings; 2. real.
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E. Variations in the test: 1. situational. The problem situations are changed,
while the concept in question remains the same; 2. relevant. Different
questions are posed for the same situation by varying factors that are rele-
vant for the result (effect); 3. irrelevant. For the same situation, different
questions are posed by varying factors that are irrelevant for the result; 4.
age. The same questionnaire is presented to subjects of different ages; 0. no
variation.

Data treatment

In the last column of table 2 we describe the way in which the data are treated,
both at the descriptive (analysing the procedures used to group them or to estab-
lish relationships between groups) and interpretative level.

The schema for acquiring data in a homogeneous way could be:

. Is any attempt made to group the replies which show some regularity? If so,
what do the percentages refer to? What, if any, statistical treatment is
applied?

. Are the groups or categories related among themselves? Are they related
hierarchically? If so, what criterion is used?

. Is some procedure used to study the quality, validity and/or reliability of
the data? If so, which?

. Other details of interest.

The most significant data have been highlighted, in italics those which are
common to various authors and define some sort of regularity, and underlined
those which are particular or diverge from the norm. This column (column 4) of
table 2 has been divided into two columns in table 3 (columns 4 and 5) as follows:

(1) Criteria for grouping or relating data. The following categories have been
considered:

A. Level of data abstraction.
A.1 Grouping according to similarities of the replies: students’ concep-

tions are obtained by grouping their replies according to criteria of
similarity and difference.

A.2 Grouping from A1: from A1, new groupings are made with a greater
level of generality by comparing the types of reply obtained for a
situation according to different criteria of variation, such as: (i)
changes of situations with the same underlying content (variations
in context); (ii) modifications of the variables which change the
described situations (relevant variations); and (iii) variation of factors
which do not alter the situation (irrelevant variations).

A.3 Grouping from A2: from A2, the authors make greater abstractions
and look for ways of reasoning, schemes, laws, explicative models, etc.
underlying the A2 groupings.

B. Filtering data using standards.
B.1 Rules and mental models.
B.2 Ideas corresponding to those defended by researchers during the

history of science.
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(2). Test-tuning and studies on the coherence of the data:
A. Test-tuning.

A.1 Previous tasks: the questions and results of other authors are taken
into consideration.

A.2 Double-take (according to answers): this is a technique whereby the
data obtained from the questionnaire are used to discriminate
between the questions that provide significant information from
those that do not. These last questions are eliminated or remodelled
before the test is presented again.

A.3 Double-take (according to validity): in this case statistical modules are
used to analyse the degree of validity of the questions so that some
may be eliminated or remodelled.

A.0 No adjustment.
B. Is the coherence of the replies studied?

B.1 The test is given several times: each time it is improved and made
more precise.

B.2 Comparision between groups: the results given by several groups
which have taken the test are compared to ascertain any coherence.

B.3 Cluster: cluster analysis to ascertain the coherence of the data.
B.4 Models: models from the history of science or from modern-day

science are used to analyse the degree to correspondence of the data
with these models.

B.5 Reproduction: the same test is given to other subjects to see if the
answers are reproduced.

B.6 Confirmation of the replies: the students are interviewed individually
to see if their replies are confirmed.

B.0 No such studies are made.

Both categorical groups have the same objective: to ascertain the degree of
validity and reliability of the data obtained. In the first case, because the questions
are adjusted to the students’ supposed knowledge and in the second case in an
attempt to evaluate the data obtained in the test.

Data analysis

The relations between the data of the columns of table 3 mean that an analysis of
each column is inadvisable, therefore we decided to make a more overall analysis.

Investigations are mainly carried out inductively and descriptively. The data
contained in columns 1 and 2 of table 3 are mainly used for this analysis. Most
authors are clearly seeking a certain degree of regularity in the students’ replies,
which leads them to find:

. Schemes (alternative or spontaneous), such as coherent ideas concerning the
world constructed from the students’ own experience, which would permit
predictions, explanations and other consistent or coherent manifestations
when confronted with changing tasks (Watts and Zylbersztajn 1981; Watts
1982, 1983; Ruggiero et al. 1985; Noce et al. 1988; Finegold and Gorsky
1991; Reynoso et al. 1993; Kuiper and Mondlane 1994).

. Laws, models, strategies, beliefs, implicit theories, etc. that govern the
students’ reasoning and that underlie the students’ answers and are as
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important as their conceptions or spontaneous ideas (Viennot 1979;
Maloney 1984; Villani and Pacca 1990; Finegold and Gorsky 1991;
Montanero et al. 1995).

. Wrong answers or misinterpretations that appear with a significant fre-
quency. The ‘distance’ of the replies from the correct answers is empha-
sized and the most frequent errors are categorized (Terry et al. 1985; Thijs
1992), as are the replies which would represent prenewtonian thinking
(Boeha 1990; Galili and Bar 1992). Another common thread in the four
mentioned studies, besides their search for erroneous conceptions, is that
they look for constructivist strategies of teaching to overcome such cogni-
tive shortfalls.

Such a preoccupation in looking for ‘schemes’, ‘laws’, ‘models’, etc. might
suggest that constructs belonging to some cognitive model concerning the indivi-
dual’s mental organization are being referred to, although the explicit or implicit
absence of such models leads us to discard such an interpretation.

The terms ‘schemes’, ‘laws’, ‘models’, etc. when used to draw up the tests or to
evaluate the replies, reflect the need to find a certain regularity in the students’
replies rather than an unobservable element in the subject’s cognition. In this
sense, the ‘schemes’ in these studies are more ‘visible’ and ‘tangible’ than those
referred to in cognitive theories of learning (e.g. Pascual-Leone 1979; Rumelhart
and Ortony 1982; Case 1983; Pozo 1989).

It seems that the signifier rather than the true meaning of the terms was taken
from the theoretical framework referring to ‘schema’, ‘model’, ‘strategy’, etc. (pre-
sumably cognitive theories), and that, according to bibliographical references,
Driver and Easley (1978) were mainly responsible for this transfer (see also
Solomon 1994). Thus, there seems to be a tendency in most of the studies con-
sulted to describe the students’ knowledge in an inductive manner, except in those
cases where the use of certain initial suppositions point to certain expectations. For
example:

. The ‘technique of rule assessment’ makes it possible to contrast ideal stra-
tegies with those really used by students, so that each rule would explain a
given sequence of replies to the questions contained in the test (Maloney
1984).

. In an attempt to prove the usefulness of ‘Ogborn’s common sense theory’ in
explaining why things fall, using notions taken from this theory such as
support, heaviness and lightness, weight as a pressing, force and the need
of a medium to transmit forces, certain suppositions are made at the outset
which orientate the investigation (Bar et al. 1994).

. Supposedly Aristotelian viewpoints held by students create certain expecta-
tions (Boeha 1990).

. In most cases, the hypotheses are established from the concepts, phenom-
ena and relationships regarding the content being investigated (Ruggerio et
al. 1985; Noce et al. 1988). Without being so explicit, other authors also
create expectations of what must be looked for, but they are always led by
the teaching content which is the object of the research.

As the academic knowledge is different from the student’s knowledge, the expec-
tations arising from the academic content are not as good as those inferred from a
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student’s cognition model. Without such expectations the studies are predomi-
nantly inductive and, as regards data treatment and evaluation, are merely descrip-
tive and cannot explain or relate the replies of students (Piaget and Garc¹́a 1973;
Bunge 1981; Moreno et al. 1993), except in very few cases.

Decision-making is influenced by the content about which conceptions are
being sought. This group of analyses is based on data from columns 3 and 4 of
table 3 and, to a lesser extent, of table 2.

During a study to determine students’ conceptions certain decisions must be
taken, and these are best illustrated in the design of the test and the treatment of
the data thus obtained. An author’s underlying criteria can normally be glimpsed
in the decisions she/he takes as regards: (i) a certain type of question, problem
situation or strategy followed in collecting data; (ii) the way in which data are
grouped and the related and the categories to which replies are assigned.

a) As regards the test questions and techniques used to obtain information from the
student

The most usual way of obtaining such information is a written exam on physical
situations presented in drawings. This may consist of an open-ended or multiple
choice question, in which an explanation is usually demanded for the why a par-
ticular answer has been chosen. Individual interviews or in pairs, in which the
situations are presented in the form of drawings or photographs (Watts 1982, 1983;
Noce et al. 1988; Boeha 1990; Villani and Pacca 1990; Finegold and Gorsky 1991;
Reynoso et al. 1993; Montanero et al. 1995) or using real objects (Bar et al. 1994;
Twigger et al. 1994) are less frequent. Half of the studies use a mixture of these
techniques.

Most studies share a common characteristic, which consists of asking a high
percentage of questions in which the signifier of the concepts or laws that are the
object of the research are directly referred to. This involves using expessions and
situations suggested by or taken directly from the ‘academic’ context. For example,
is there any resulting force on the trolley? Is the resultant force constant or increas-
ing? Which is exercising the greater force, the block or the water? What forces act
on the moon? etc. Some questions ask for definitions of such terms (Ruggiero et al.
1985; Noce et al. 1988; Reynoso et al. 1993; Twigger et al. 1994).

Predictions are sometimes asked for (Viennot 1979; Ruggiero et al. 1985; Noce
et al. 1988; Villani and Pacca 1990; Reynoso et al. 1993; Bar et al. 1994; Twigger et
al. 1994; Kuiper and Mondlane 1994) and, sometimes, such predictions must be
confirmed by experience (Twigger et al. 1994).

It is clear that the questions and situations making up the test are principally
taken from the academic world in which the authors move. However, perhaps we
should ask ourselves if a more suitable context exists than the strictly academic, a
question we shall attempt to answer in the next section.

b) The procedure used to group and relate the students’ replies

Judging by the data contained in the fourth column, no study loses sight of the
academic content when grouping students’ replies. For this reason, the groupings
present a certain dichotomy (correct/incorrect), within which the following cate-
gories may be found:
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. most frequent errors (Viennot 1979; Watts 1982, 1983; Maloney 1984;
Terry et al. 1985; Villani and Pacca 1990; Thijs 1992; Twigger et al. 1994);

. consistent or coherent (Finegold and Gorsky 1991; Kuiper and Mondlane
1994; Montanero et al. 1995);

. prenewtonian (Boeha 1990; Galili and Bar 1992);

. incorrect in multiple choice test (Watts and Zylbersztajn 1981);

. most frequent in a longitudinal study (Bar et al. 1994); or

. correct or nearly correct (Ruggerio et al. 1985; Noce et al. 1988; Reynoso et
al. 1993).

Usually, the categorization process finishes when the replies have been grouped
and, perhaps, expressed as a percentage. However, some studies attempt to relate
groups (or categories) of replies either amongst themselves or to aspects external to
the test. For example:

. analogies are established between the types of reply and prenewtonian
science (Boeha 1990; Galili and Bar 1992);

. a certain hierarchy between groups is created. This may be based on the
logical or semantic structure of the concepts being sought (Viennot 1979;
Maloney 1984; Ruggiero et al. 1985; Noce et al. 1988), the degree of
complexity of the replies (Noce et al. 1988; Bar et al. 1994) or the ‘distance’
of the replies from the academically acceptable answers (Kuiper and
Mondlane 1994).

In other words, ‘the academic content’ is again the criterion used to establish
such relations. However, perhaps this is not the only option available for grouping
the replies or for establishing relations between the groups.

Among such alternatives which, furthermore, would complement the criteria
based on the academic content under examination, one might include general
cognitive limitations, difficulties in assimilating new information or the transform-
ing capacity of schemes, all of which comes under general tendencies in students’
cognition (Mar¹́n 1995). As long as there are no arguments to the contrary, there is
no reason to opt for one or other of the two poles, the content and the students’
cognition.

c) The validity and reliability of the information obtained from the student is not
usually analysed

In this analysis, we have mainly used the data from column 5 of table 3 and, to a
lesser extent, from columns 3 and 4 of the same table.

In column 5 we now analyse the preoccupation of authors to evaluate the
validity and reliability of the information gathered. Other columns also illustrate
such a preoccupation. For example:

. Category/group A of column 4 shows whether all the data are treated in the
same way during grouping or whether only those which fulfil the prerequi-
site regularity criteria are used.

. Category/group E of column 3 illustrates some of the methods used by
authors to collect data in order to ascertain the existence of any regularity
in the replies.
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From the above data we can state:

. Two thirds of the studies do not analyse the reliability and validity of the
data.

. A third of the studies that make such an analysis do so only partially.
Ruggiero et al. (1985), for example, make quantitative studies in which
the test is applied to a bigger group; Villani and Pacca (1990) attempt to
weigh up the reproducibility of the replies in subjects of the same group;
Finegold and Gorsky (1991) compare groups of answers in different
samples; Kuiper and Mondlane (1994) consider the coherence of the results
by cluster analysis and, finally, Montanero et al. (1995) make comparisons
between groups to emphasize the replies showing a certain coherence.

. A regards the use of changed situations or variation in relevant and irrele-
vant factors, the first strategy is the most widely used and a third use the
second. Only two studies (Maloney 1984; Montanero et al. 1995) were
observed to use irrelevant factors. If these three strategies are not involved
simultaneously in a task, it is very difficult to weigh up the three require-
ments of regularity for a reply to be seen as reflecting some scheme of
knowledge: repetition, generalization and differentiation (Piaget 1980;
Mar¹́n 1995).

. The most recent studies (since 1992) use samples of different ages, although
this technique is not accompanied by what would seem to be a necessary
complement, the use of hierarchies of categories to reflect the cognitive
development of the specific knowledge that is being analysed. Only Bar et
al. (1994) provide this hierarchy, while Reynoso et al. (1993) do so to a
certain extent (schemes and subschemes). Valid techniques for internal
evaluation cannot be applied if this hierarchical order is not established.

When attempting to identify and interpret data of such a complex phenom-
enology as students’ knowledge, a minimum of measures must be taken, without
which it is not possible to ascertain the source students’ replies or separate the
fundamental from the incidental.

Most relevant characteristics of the methodology used to
describe student knowledge

The most relevant methodological characteristics of the studies on conceptions
follow.

First, the replies of the students in response to the situations and questions
presented are more or less implicitly catalogued and interpreted by taking the
academic content as reference. This is the most general characteristic and one
which conditions the rest.

Second, in most cases conceptions are sought inductively (no models are used to
explain their presence or their possible relation with other constructs of the stu-
dent’s cognitive structure). These characteristics are closely linked with the above
since the absence of models to explain how the student organizes, develops and
realizes his/her mental acitivity, means that the researcher does not normally have
any expectations or hypothesis as to what might be found or how the information is
best extracted from the student.
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Third, it is not common practice to analyse the validity and reliability of the
information obtained from the students. In the search for and intepretation of a
phenomenology so complex as cognitive development, certain measures should
be taken simultaneously and systematically. These include the need to:

. Differentiate the replies which reflect some scheme of knowledge from
those that are ‘automatic’ or simply inventions, in response to the type of
question posed by the researcher or the student’s lack of interest.

. Analyse the coherence of the data categorized, treating such data as a matrix
of cases (subjects interviewed) and variables (categories), making correla-
tion studies, grouping cases according to the similarity of replies, corre-
spondence analyses, etc. All this would make it possible to verify whether
the orders established in the categorization were more or less correct with
respect to the general order of the data (internal validation).

. Make studies involving samples of different ages, making it possible to
discriminate groups of data which are best adapted to a given stage of
cognitive evolution from others which present anomalies with respect to
the evolution (Mar¹́n 1995; Benarroch 1998).

. Compare the results concerning a given unknown aspect with others related
with the student and which are better known such as: the cognitive level,
field dependence-independence, replies to a test of proven reliability, etc.

Fourth, the information taken from ‘what a student knows’ is very restricted.
From the bibliographical data, we cannot evaluate the quality and quantity of
the information obtained from the students if only inductive procedures are
used. However, when the three previous conclusions are taken into account,
together with external factors linked to the types of knowledge which a student
may contain in his/her cognitive baggage, we observe that:

. At the declarative knowledge level, only those ideas directly related with the
content are taken into account. However, there are two cases in which it is
not usual to detect student conceptions:

— Ideas which are not linked to the content in an adult scientific logical
sense, are linked for the student to such an extent that they can be used to
understand or assimilate the content (Piaget 1977). Put another way, the
academic content refers to objects, situations, phenomenologies, which
make it possible to prepare certain situations and questions which can be
answered adequately if one possesses this content. The student possesses
a knowledge in this respect which permits him to infer different replies or
ones far from ‘correct’ ones.
— Ideas which are still in a developmental stage ‘far’ from the content to
be taught (Piaget and Garc¹́a 1973), that is, at the moment the test is
taken, the student possesses ideas which are little developed, intuitive
or preoperative. These are sufficient for him/her to reply to the questions
although after a certain (perhaps quite long) time during which such ideas
would develop and be enriched, they would have permitted a correct
answer or, at least, a more appropriate one. As the student’s knowledge
of the situations described evolve, he/she may be able to provide answers
which are more correct or, at least, more analogous, while at the cognitive
level at which his/her ideas are found they are only capable of providing
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answers ‘far from the academic content’.
The fact that in both cases the students’ ideas are different from the
academic does not mean they are less important since they can be used
to understand or assimilate the teacher’s explanation of a given content.
Ideas that are unlinked to the content in an adult scientific logical sense
may be linked for the student (Piaget 1977). This type of idea is very
difficult to detect if only the academic content is taken as reference in the
search for information.

. The students’ procedural capacity (to classify empirical data, infer induc-
tively, reason proportionally, to control variables, formulate hypotheses,
etc.) and motor skills (the ability to construct educational material or
experimental set-ups) are almost completely absent from these studies
despite the fact that such capacities are determining factors in student per-
formance in science (e.g. Shayer and Adey 1984; Niaz 1991; Lawson 1993).

Methodological suggestions

If the object of the research is only to understand the scholastic knowledge that
students have gained from previous years’ science classes, the methodological
characteristics observed in the studies we have analysed would have a certain
validity since they are perfectly suitable for comparing and contrasting this knowl-
edge with a standard (in this case the academic content itself). In such a case, a
questionnaire could closely resemble the tests that are frequently used to evaluate a
student’s progress at the end of an academic year.

The problem is that students spontaneously develop many conceptions
through interaction with the social, cultural and physical environment. In such a
situation, the academic content is not the most suitable reference for assessing this
knowledge and the methodologies described above are inadequate. Characteristics
of these methodologies are:

(1) There are more suitable contexts than the academic which may help
avoid skewing observed in the obtaining and interpretation of data
about student knowledge.

(2) No attempt is made to weigh up information to avoid such skewing.
(3) The information obtained from the students is only a small part of that

which could be considered useful for teaching purposes.

Deficiency (1) is a problem that has much to do with the professional training
of the investigator. ‘Normal’ scientific training is not necessarily well-suited to
understanding students’ conceptions since we are dealing with a cognitive problem
which a cognitive theoretical context is best suited to describing and interpreting.

Research into conceptions would be better served by a combination of two
interpretative frameworks:

. The teaching content and, by extension, the scientific knowledge which acts
as a base to this content, which would serve, for example, to structure the
research content.

. A theoretical context taken from the field of cognitive psychology, which
has tackled the development and organization of knowledge in children and
adolescents with some degree of success. This framework could help, for
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example, design the most suitable way of making the student interact with
physical situations presented in the interview in order to obtain the most
reliable information possible. It would also help decide the method best
suited to describing the student’s spontaneous schemes avoiding to the
greatest extent possible any skewing and distortion.

A good cognitive model would help avoid the inductive/descriptive studies
which are so common in the publications consulted and enable the design of
hypothetical-deductive strategies to identify, describe, intepret and relate the
data obtained.

Suggestions for overcoming deficiency (2) are based on the idea that the replies
given by students do not always reflect their knowledge either because they are
‘tainted’ to a greater or lesser degree by the ‘investigator’s knowledge’ or because
they are given randomly, invented or constructed ‘in situ’. If such is the case we
must put into pratice methodological mechanisms which diminish to the greatest
extent possible skewing and distortion. This can be done by using a cognitive
model which permits the researcher to get close to the student’s cognition. The
use of a good individual interview dynamic (following Piaget), which avoids aca-
demically ‘marked’ questions, is a prerequisite.

Such mechanisms will also separate the relevant from the non-relevant infor-
mation. This is a complex area since it will be necessary to combine qualitative and
quantitative strategies before and after data collection. Before, protocols must be
designed to bring into play as much as possible the students’ schemes of knowledge
by using, for example, the above mentioned variation strategies (see the paragraph
on the criteria for grouping or relating data, above). After, the data must be sub-
mitted to a statistical treatment which evaluates their coherence.

As for deficiency (3), which deals with the restricted information collected
from the student, the findings of research into students’ conceptions will be
very different if: (i) we do without a model and simply attempt to ascertain what
a student knows on a given academic content; (ii) the model can be assimilated into
a conceptual framework (for example, Ausubel 1982); or (iii) the model contem-
plates the existence of an important procedural component associated to declara-
tive knowledge or that there is a strong component of implicit knowledge (for
example, see Karmiloff-Smith 1994; Vosniadou 1999).

From our review of papers published on student conceptions, deficiency (1) is
the most common but if we take into account deficiency (3) and the fact that a large
part of students’ knowledge will have been generated spontaneously in their daily
environment, much more than that found in the studies should be expected of the
students, for example: (i) previous ideas unrelated with the academic, (ii) sensori-
meter or graphic manifestations of implicit knowledge; or (iii) a knowledge of
procedures (see the paragraph on the most relevant characteristics of the method-
ology used to describe student knowledge). To uncover this new kind of informa-
tion, the type of questionnaire seen in the publications examined will have to be re-
designed in order to obtain more and better information of didactic interest (for
example, see Mar¹́n 1995). However, this exceeds the limitations of the present
article.

We should not finish this list of suggestions without referring to perhaps the
most important for the science class: any questionnaire must be given to a wide age
range in order to avoid the static image of conceptions that is normally given in the
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articles analysed, and another type of dynamic must be sought which describes the
different levels of knowledge through which students pass in accordance with their
age.

Final thoughts

A simple comparison of the papers published on conceptions in ACM and the
experiments of Piaget in the 1950, 1960 and 1970s (see Mar¹́n and Benarroch 1994)
leads one to question the supposed progress which the former is supposed to
represent for science teaching (see Gilbert and Swift 1985). It also shows the
need to look for a more suitable theoretical context than is normally the case in
such studies.

For several years now there seems to have been a change taking place as
regards thinking into student conceptions. There is a certain tendency, by no
means accepted by the whole science teaching community, to raise critical ques-
tions about the subject of conceptions:

. A change from an interest in alternative conceptions, previous ideas, etc. as
regularities in student replies towards constructs as mental models, implicit
schemes and theories to explain conceptions (Vosniadou 1994; Pozo and
Gómez Crespo 1998; Mar¹́n 1999; Oliva 1999).

. A questioning of the basic methods used (Gutiérrez and Ogborn 1992;
Vosniadou and Brewer 1992; Benarroch 1998).

. A significant increase in studies involving samples of different ages (e.g.
Galili and Bar 1992; Reynoso et al. 1993; Bar et al. 1994; Kuiper and
Mondlane 1994; Twigger et al. 1994; Montanero et al. 1995).

. A determination to look for a theoretical basis beyond the pragmatism and
inductivism that characterized the first investigations into the field (Chi
1992; Lawson 1994; Vosniadou 1994; Glynn and Duit 1995; Pozo and
Gómez Crespo 1998; Vosniadou and Ionnaides 1998; Mar¹́n et al. 2000).
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Karmiloff--Smith, A. (1994) Más allá de la modularidad (Madrid: Alianza).
Kruger, C., Palacio, D. and Summers, M. (1992) Surveys of English primary teachers’

conceptions of force, energy and materials. Science Education, 76, 339-351.
Kuiper, J. and Mondlane, E. (1994) Student ideas of science concepts: alternative frame-

works? International Journal Science Education, 16, 279-292.
Lawson, A. E. (1993) Deductive reasoning, brain maduration, and science concept acquisi-

tion: are they linked? Journal of Research in Science Teaching, 30, 1029-1051.
Lawson, A. E. (1994) Uso de los ciclos de aprendizaje para la enseñanza de destrezas de
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(1993) The alternative frameworks presented by Mexican students and teachers con-
cerning the free fall of bodies. International Journal Science Education, 15, 127-138.

Ruggiero, S., Cartelli, A., Dupre, F. and Vicentini, M. (1985) Weight, gravity and air
pressure: mental representations by Italian middle school pupils. European Journal of
Science Education, 7, 181-194.

Rumelhart, D. E. and Ortony, A. (1982) The representation of knowledge in memory.
Infancia y apendizaje, 20, 115-158.

Solomon, J. (1994) The rise and fall of constructivism. Studies in Science Education, 23, 1-
19.

Terry, C., Jones, G. and Hunford, W. (1985) Children’s conceptual understanding of
forces and equilibrium. Physics Education, 20, 162-185.

Terry, C. and Jones, G. (1986) Alternative frameworks: Newton’s third law and conceptual
change. European Journal of Science Education, 8, 291-298.

Thijs, G. D. (1992) Evaluation of an introductory course on ‘force’ considering students’
preconceptions. Science Education, 76, 155-174.

Twigger, D. et al. (1991) The conceptual change in Science project. Journal of Computer
Assisted Learning, 7, 144-155.

Twigger, D. et al. (1994) The conception of force and motion of students aged between 10
and 15 years: ‘an interview study designed to guide instruction’. International Journal
of Science Education, 16, 215-229.
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