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ABSTRACT
In this article, we propose an analysis of the state of, and trends in,
the field of conceptual change research in science education
through the lens of its models. Using a quantitative approach, we
reviewed all conceptual change articles (n = 245) published in five
major journals in the field of science education in search of the
support that their authors give to conceptual change models (CC
models). We looked for support in the form of explicit or implicit
mentions, favourable and unfavourable position statements and
empirical confirmations and refutations. The results present a thor-
ough description of all types of support, as well as their evolution
from the early days of the field to today. We also propose a
hierarchical list of the 86 CC models that we have recorded, appear-
ing in decreasing order by the support they received from the
literature. General comments are formulated in order to provide
an interpretation of the field and its evolution.
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Introduction

The issue of the specific difficulties that emerge while ‘building new ideas in the context
of old ones’ (diSessa, 2006, p. 265) has existed for quite some time in the educational and
educational psychology literatures. Linn (2008) suggested that ‘conceptual change has
perplexed and intrigued researchers at least since Rousseau (1892) and Locke (1824)’ (p.
694). As early as the dawn of the 20th century, Mach (1908) had already described in detail
many of what today might be called students’ misconceptions (i.e. representations that
student’s hold about the physical world and how it works), and proposed principles, such
as the economy of thought (i.e. possible changes in representations while considering
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costs), by which the emergence and changes in conceptions could be constrained (Banks,
2004). Matthews (2002) even argued that the consideration of this issue can be traced
back to as early as Socrates.

Even though it is generally associated with- and considered as a concern of- the English-
speaking research community, the general issue of ‘changing unconventional representa-
tions’ is far from being exclusive to it. For example, in France, the research field of didactics
(la didactique) became interested as early as the 70 s in students’ systematic errors through
classic studies such as the work of Viennot (1979). Viennot might be one of the first to have
highlighted the relation between force and speed, that many students ‘spontaneously’
establish instead of between force and acceleration, ‘despite being able to produce correct
declarative knowledge’ (Astolfi & Develay, 1998, p. 33). Another example can be provided
from the other side of the planet: as early as the 1960 s, Japanese professor Itakura et al.
(1964) suggested a pedagogical approach called ‘Kasetsu’, based on a kind of cognitive
confrontation-with-predictions principle, that shares many properties with modern con-
ceptual change approaches (Isabelle & De Groot, 2008; Tsukamoto, 2017). Thus, the general
idea of conceptual change, even though it has taken many forms, appears to be far from
new and far from exclusive to the Western world.

Nevertheless, it was in the 1970’s that many of the most important contemporary
conceptual change researchers (diSessa, 2006; Duit & Treagust, 2003; Vosniadou, 2008a)
situated the incubation of the conceptual change field, through the emergence of increas-
ingly productive research programmes that were systematically interested in the mis-
conceptions that students display about natural phenomena in all scientific disciplines
(Driver & Easley, 1978).

But it was in the early 1980’s that the foundation of the field is usually pinpointed, when
publications using the expression ‘conceptual change’ as a keyword or in titles began to
appear. Indeed, the first references in ERIC of publications about ‘conceptual change’ date
back to the year 1980, with propositions of authors such as the Hewsons (M. Hewson,
1981; P. W. Hewson, 1980) and Nussbaum and Novick (1981), who presented papers at the
annual meetings of the American Educational Research Association (AERA) and the
National Association for Research in Science Teaching (NARST). The first peer-reviewed
articles on the topic were then published, among which we find the classic articles by
Posner et al. (1982) and by Nussbaum and Novick (1982). These two articles are inciden-
tally considered as having powered up – and set the standards for – the entire field that
subsequently emerged (J.-W. Lin et al., 2016). And, indeed, they were followed in the next
4 or 5 years by many powerful contributions that are still frequently cited today. Many
more studies followed and the field of conceptual change research reached its cruising
speed in the mid-1990 s. Since then, the relative number of publications in the field has
remained important but nevertheless have slightly and gradually decreased, sometimes
by taking new forms and adopting new keywords. Extensive studies on research trends in
the science education literature concerning the ‘conceptual learning’ research topic
confirm a decline from 1998 to 2012 (T.-C. Lin et al., 2014), dropping from 1st place to
3rd. However, the field is still very productive and many educational research programmes
around the world use this broad framework and are still striving to develop it (EARLI/Sig-3
in Europe, NARST/Strand-1 in North America, etc.) and even today, the ‘Learning-
Conceptions’ research topic stills appears the top three in importance for the 2013–
2017 period (Lin, Lin, Potvin & Tsai, 2019).
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Meanwhile, teachers are still in need of concrete, effective and efficient solutions to the
pedagogical difficulties and misconceptions that arise in their classes. Therefore the
development of the research field of conceptual change remains crucial for the improve-
ment of science education and thus for the all benefits that come with it, whether they be
at the economic, social, environmental, etc. levels.

Among the ideological influences that have had the greatest impact on the develop-
ment of the field, the following are often cited: Piaget’s genetic epistemology (1968),
Bachelard’s epistemological obstacles (1967), Kuhn’s scientific revolutions (1962),
Festinger’s cognitive dissonance (1957) and Toulmin’s conceptual ecology (1972).
Drawing on these influences (as well as on others1), many conceptual change models
(hereafter identified as CC models) have been proposed over the years. These models have
attempted to describe the process by which people exhibit changes (hopefully positive
ones) in their beliefs about the nature of scientific objects and about the mechanisms that
drive scientific phenomena. Among the most emblematic are Posner’s (1982), Chi’s (1992),
Vosniadou’s (1994), and diSessa’s (1993) models. But many others have also been devel-
oped. These models are of great importance in understanding the field because they
provide concrete illustrations of the main ideas that authors consider fundamental as well
as providing effective educational prescriptions.

However, although suchmodels are commonly found in comprehensive reviews and in
the introduction and background sections of research articles, it is not easy to evaluate
the approximate weight and level of recognition that each of these models has received,
nor is it easy to evaluate the total number of them. Since no systematic evaluation of the
level of support granted to each of the CC models has been yet carried out, the mere
mention of a model in a publication brings not muchmore than an anecdotal argument in
favour of its value.

Previous attempts at establishing conceptual change model inventories

Other than the brief, usual descriptions of the field that can be found in typical conceptual
change articles, a certain number of peer-reviewed publications have nevertheless tried
to provide ‘broad as possible’ overviews of all available perspectives of conceptual
change, and many have offered argued commentaries about their respective robustness
and popularity.

For example, Dole and Sinatra (1998) proposed a comprehensive review of many
perspectives (cognitive constructivist, social psychological, and derived from science educa-
tion research) of conceptual change before proposing their own model. Thorley and
Stofflett (1996) also attempted to add their vision of the conceptual change model
(CCM) to previous perspectives by enumerating all contributing ones. Unfortunately,
these very relevant comprehensive initiatives are a bit outdated.

A very strong meta-synthesis was also conducted by Guzetti et al. nearly 25 years ago. In
very large tables, they provided the results of their analysis of more than 46 important
conceptual change articles. In this analysis, they identified the ‘cited theory or model’ (1993)
that was used as the theoretical basis. However, some of the theories mentioned were very
broad and domain-free (e.g., Gagné’s learning hierarchy [1977]), while others were very
operational (Posners et al. model) or domain-specific. Therefore, the list is not specifically
about models, but rather about general influences or trends, regardless of their nature.
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Other summary analyses have also been carried out more recently from a historical
perspective. Amin et al. (2014) for example, presented, in an extensive review, a general
development of the field in three phases. Their analysis focuses on lists of components and
constraints that influence learning, rather than on models themselves. diSessa (2006) and
Vosniadou also proposed historical analyses of the development of the field, but they both
candidly admitted that they did so, from their own ‘side of the fence’ (Vosniadou &
Skopeliti, 2014, p. 1573). Unfortunately, neither of these contributions provides an objective
basis for constructing inventories of CC models or for evaluating their respective weights.2

From our review, the study that provided one of the best systematic inventories of
conceptual change models was that by Tyson et al. (1997). While not exactly up-to-date,
this study attempted to ‘synthesise various perspectives of contemporary conceptual
change research’ (p. 387) and provided, on page 390 (Figure 2), descriptive elements of
no fewer than 10 ‘perspectives’ (or models) of conceptual change, in which one can easily
recognise all the classics, plus a few more. Havu-Nuutinen (2005) also proposed a list of
ten ‘theories’ (along with their ‘theorists’) of conceptual change, that are presented in a
table (p. 261), containing the classics, as well as other perspectives, such as Vygotsky’s,
however, without going further than 1999.

Another very exhaustive inventory was conducted by J.-W. Lin et al. (2016) on the basis of the
number of citations for each of the 25most popular articles about conceptual changepublished in
the last 30 years. Even though this list includes many of the flagship articles about certain classic
models (p. 2639), about half of the analysed articles do not focus onmodels. Such an approach of
counting citations of articles dealing with the fundamentals of models could be a promising and
efficient method of measuring the support given to each of the models. However, the complete
presentation and development of many models is a process that often extends over more than
one article. Furthermore, a citation does not necessarily denote positive or strong support. Also,
the citation-counting approach does not necessarily control for the number of times an article
cites a model. Indeed, some articles of criticism will contain a lot of information about their
adversaries’ perspectives. Therefore, counting citations as an indication of support could be
misleading.

Considering all these reviews thatwerebrought to our attentionby various people from the
field, we believed that it would be important to propose a complementary approach to all of
the ones described above, in order to obtain a new portrait, for an unprecedented angle. We
also believe that there is still a clear need for an evaluation of the relative support that is given
by the research community for each one of theCCmodels. However, we donot believe that an
attempt at arbitrarily evaluating by ourselves or with a grid the objective value, weight and
historic trajectory of these models would be appropriate, nor free from criticism. To come to
such an evaluation of the level of support given to each model, we instead propose to
systematically study an important cross-section of the available literature, see when and
how this literature supports CC models, and then come to a conclusion.

What counts as a model?

In the conceptual change literature, the presentation of conceptual change models is customary.
However, the idea of amodel is often used in a very casual fashion. It is true thatmanymodels (see
above) certainly qualify as such without any need for careful or strict verification. Nonetheless,
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manyother propositionsmight not. Thus a credible set of definition elements or criteria appears to
be needed.

It is, however, difficult to find a consensual definition of a model. Usually, amodel refers
to the representation of an object or of a process. Since conceptual change is a process, a
CC model will therefore strive to account for themechanisms or factors that constrain and
influence “the process by which ‘students’ initial ideas develop into more scientific
notions’ (Duit, 1999, p. 265). This rather cautious definition will provide a general frame
for what a conceptual change model can be.

Since themodelsweare interested indescribeprocesses, amerepractical recommendation
provided by an author at a certain point should not be considered a model. Nor should a
general epistemological or ontological commitment be considered as such, because this type
of understanding or belief would not necessarily help put things into motion. In fact, a CC
model has to describe a movement of minimal complexity from one state to another, or a
mechanism, that unfolds through temporal steps or in a coherent structure, and drives this
change. Therefore, amodel can either be descriptive or explicative (of the process), predictive or
prescriptive (focused on outcomes) or exploratory (partial or tentative).

Usually, the use of a CC model, like any educational intervention, should pursue an identified
desired educational target (e.g.: make students realise that air has weight). But such an objective
would not necessarily need to bemade entirely explicit, nor completely achieved at the end of the
process, because conceptual change can also be considered a progressively emerging phenom-
enon (Brown, 2014) and not necessarily a linear process with a definitive end point.

The different frameworks to which conceptual change articles usually belong are, with a
few exceptions, of an epistemological or instructional nature (Chiu et al., 2016). Moreover,
models are often either mostly learning models [like maybe diSessa’s (1993) or Vosniadou’s
(1994)] or mostly teachingmodels [perhaps like Tsai’s (2000) or She’s (2004) models]. This can
hamper an attempt to establish impervious repertoires ofmodels, not only because usually no
model is completely exclusive or opposed to others, but also because the objectives they
pursue (to explain or provoke change) may be somewhat different in nature. Thus their
juxtaposition in the same lists could be debatable, while remaining interesting.

It is also difficult to fix a model in time. Indeed, many models have evolved over the years.
Even Posner’s model was ‘adjusted’ by its authors a decade after its first publication (Strike &
Posner, 1992). However, in the vast majority of these kinds of events, the adjustments were
ratherminor, so it usually remains possible to reducewithout toomuch betrayal the evolution
of a model to a single expressible proposition, usually presented in a few fundamental and
convergent articles. Amodel is usually attached to a set of authors (very often ledbyone), but it
is also possible for a single author or set of authors to have more than one model, if they are
different enough. Finally, since very few models have been attributed to specific scientific
disciplines (e.g., physics), and since most have been derived from very general learning
principles or epistemologies, we will allow the juxtaposition of all acceptable models, regard-
less of the discipline in which they have been developed or are believed to have implications.

Finally, onehas to acknowledge that CCmodels are rarely completely exclusive to all others.
Indeed,manymodels are distinctive throughonly a fewaspects or elements andmanyof them
share some fundamental characteristics (e.g.: many of them give an important function to
cognitive conflict). However, even if a comprehensive establishment of credible families of
modelswould be certainly a worthy objective, wewill differ this ambition for future efforts and
consider all individual models as basic units of analysis.
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For the purposes of this review, we have agreed to consider as CCmodels propositions that
generally conform to the description presented above (see the methods section for the
qualification algorithm), but we will also grant credibility to all claims that authors make
about the qualification of any proposition as a model. We feel that, since our review study
analyses peer-reviewed articles, all such claims could initially be presumed as minimally
credible and should thus constitute the starting point of further analyses for qualification.

What counts as support for a model?

The support that science education/learning articles bring to a CC model can come in
many forms. For example, it can be a single, isolated mention (or citation) of the model. In
this case, the choice of making one mention instead of another one (or of not mentioning
it at all) can, in our opinion, represent a notable recognition of its importance. It is not
necessarily a strong recognition, though, and sometimes articles will only mention certain
well-known components or aspects of certain models, while others will go further and
proceed to a more thorough presentation of a model, for instance, by detailing its
components, or explicitly identifying it as such. These two types of support, via an explicit
or implicit mention, should be differentiated since they might serve different purposes in
research articles; while some mentions often serve as theoretical bases later, others
sometimes serve more secondary, almost decorative purposes. For example, an implicit
mention refers to the identification of a model through deduction using indirect clues [e.
g., p-prims] but with a fair level of certainty on the part of the analysts, while an explicit
mention can be identified without doubt because it refers to the name of the model or to
its author, etc. Sometimes it is also explained more thoroughly.

But some articles go further: mentions go beyond objective descriptions and are accom-
panied by value judgements. Support via a mention can thus be supplemented by support by
means of a position statement. This support can either be positive or negative, with authors
either arguing, for example, about the desirability or particular strengths of certain models, or
criticising them, or pointing to their shortcomings and presenting them as such. This kind of
support is widely seen in peer-reviewed position (or ‘commentary’) papers.

Finally, an article canbring empirical support to an existingmodel, through experimentation
or quasi-experimentation that brings results that support it (or not). This kind of support is
important, while also being tricky. Actually, sometimes empirical support can be brought to
only one or a few components, aspects or steps of a model, rather than to the model as a
whole. It can also be provided in mere absolute terms, like when increases in correct answers
are recorded, but with no comparison with a control group. It can also be provided in relative
terms. For example, results can be contrastedwith situations of a different nature, such aswith
a control group where nothing special happens, where another CC model is tested, or where
anoften ill-defined ‘traditional teaching’ treatment is applied, and so forth. It is therefore clearly
debatable to put in the samebag experimental pieces of evidence that are of differing natures.
Nevertheless, for now and for the purpose of the feasibility of our study, we will count as one
empirical support a peer-reviewed article that brings at least one positive (confirmation) or
negative (refutation) argument of any empirical basis. Wewill thus postpone any evaluation of
the quality of the results andmethods found in selected experimental and quasi-experimental
articles.
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Research questions

In light of the context presented above, our research questions are

● (Q1) how many articles (found in selected major educational/learning journals)
provide support to each CC model in science learning, through
○ an explicit [Q1a] or implicit [Q1b] mention,
○ a favourable [Q1c] or unfavourable [Q1d] position statement, or
○ empirical methods that bring confirmation [Q1e]) or refutation [Q1f] arguments?

● (Q2) how have these types of support [Q2a-Q2f] changed over time, throughout the
history of the field? And

● (Q3) what ordered list (inventory) of CC models emerges from such an analysis?

We believe that answering to these questions in 2019 will allow today’s researchers to
better understand the recent evolution of their field and to situate their own work within
actual trends. It will also allow an appreciation of the level of credibility that peer-
reviewed publications give to the diverse conceptual change propositions of the past.
In the context of an apparent decline of the number of CC articles, providing such answers
could also nourish a reflection about the future of the field and what can be done to keep
it healthy.

Methods

Selection of articles for the corpus

We chose to limit our search to peer-reviewed articles that were indexed in the Education
Resources Information Centre (ERIC) and PsycINFO databases, the two databases we believed
contained most of the conceptual change scientific contributions. After three discussion
sessions involving four experts in science education (science didactics), the algorithm
[‘conceptual change’ AND (science* OR physics OR chemi* OR biolog*)] was chosen and
used in order to cover most of the articles in which titles, abstracts or descriptors (keywords)
contained the general idea. Adding other scientific disciplines did not increase the number
of articles. We also tried adding ‘conceptual learning’ as a descriptor, but it yielded a large
number of ‘non-conceptual change’ articles, so we decided to keep only conceptual change
in the algorithm. This database search was conducted (for the last time) on 6 April 2018 and
provided a total (for the two databases) of 1,100 results.

In order to keep this reviewmanageable, we then decided to keep all articles belonging to the
five research journals containing the most articles. This shortened our list to 302 articles. After a
pre-analysis phase, we decided to reject some of them (57), because some were introductions of
special issues, were errata or announcements of awards given, but also because others were not
necessarily about learning/teaching science (some were about teacher training, misconceptions
about pedagogical content knowledge [PCK], or others were in mathematics).

Development and validation of the rubric and guide

In light of the research questions, an analytic rubric was developed using Microsoft
Access© software by a team of three experts involved in the project. It was iteratively
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modified many times, and then pretested with five articles (two theoretical, three empiri-
cal). It was also amended slightly during the analysis, but not to the point of threatening
data previously recorded.

This rubric came with a 10-page analysis guide (iteratively developed by a team of five)
that was used by all analysts during the entire procedure. This guide explained, among
other things, how to identify different types of support. For example, it specified that
articles that provided support via an explicit mention had to ‘clearly refer to a model’ (the
words ‘theory’, ‘model’, ‘view’ or ‘perspective’ were considered acceptable), to ‘refer to
elements of the model that were exclusive to it’, to ‘refer to a family of models, but
specified that such model was a part of it’, or to ‘occupy an important place in the
presented research’. The guide also specified that support by implicit mention were to
be recorded if ‘articles being considered cited certain models or certain of its fundamental
texts, but without identifying them explicitly as models’. The guide also contained
warnings such as ‘in case of doubt, it is better to abstain’, and provided examples and
counter-examples of what did or did not qualify for each type of support.

The guide also informed analysts about how to record ‘models for which the author has
expressed (positive or negative) position statements’ and to take note of all reasons given. And
finally it guided the analysts by specifying the criteria thatmake empirical support acceptable: ‘The
model gets empirical support if the author has clearly concluded that there were positive (or
negative) effects [. . .]’, ‘if more than half of the participants in the experimental condition have
shown positive effects on learning’, or ‘if the model is explicitly deemed as providing (or not) a
promising way of interpreting data’ (such as through qualitative analyses). All materials are
available through the corresponding author.

Analysis of the corpus

Each analyst involved was trained for one day to understand and use the rubric and the
guide. Every time a new analyst was involved in the project, he or she had to be paired
with a more experienced one. All analysts worked in the same room and had regular
meetings and discussions about the best way to record their findings. A total of 11 people,
all from the field of education, were involved in the process.

Each article was read and analysed separately by at least two analysts. One analysis by
one analyst took on average a half a day of work. The two analysts then met and shared
their individual recordings. We estimate that the initial agreement between coders
reached nearly 90%. They then discussed what should and should not be recorded in
the database until they reached consensus on all elements. When they could not agree on
certain elements (for example, whether or not to record a case of experimental support), a
third experienced analyst joined the discussion until agreement was reached.

For purposes of clarity of the presented results, a 3-year smoothing of the data was
performed. A similar smoothing was also performed on all figures in the ‘results’ section
that involve time.

Concomitant development of the list of CC models

As analysts recorded support for a model (or potential model) that had not been
encountered before, verification of its qualification as a CC model was systematically
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carried out. Analysts examined all the fundamental texts (regardless of their initial
presence in, or possible absence from, the selected corpus) that described these
propositions and used a decision tree (see Figure 1) to determine qualification. The
verification process was carried out by at least two analysts working together who had
to reach agreement before recording the proposition as a CC model in our database.
The entire recording of the characteristics of a model took an average of a half day’s
work for two people.

This qualification solution may be considered rather permissive and therefore too
inclusive. However, this was intentional, as we wanted to ensure that no credible model
would elude our analysis. We preferred to have more Type I errors (false positives) than
Type II errors (false negatives), and will thus accept the consequences that come with this
choice.

Results

Description of the corpus

The final corpus contained 245 articles (186/245 articles were about empirical research and
59/245 were exclusively of a theoretical nature), distributed across the five richest (in terms of
relevant articles) journals (see Table 1).

Figure 2 shows the distribution over time of the articles within the five selected
journals.

This distribution suggest that the 1992–1994 span has seen, after a decade of incuba-
tion, an abrupt acceleration of publications, mostly in three journals. For the following
years, the situation remained fairly stable, and then a progressive decline can be
observed, especially in the last considered years. The participation of the five journals to
the field appears somewhat uneven, except maybe for the JRST.

Support for models (Q1 & Q2)

In the entire corpus, a total of 2,156 instances of support of all types were recorded (1,962
positive and 194 negative). These instances of support were distributed across all cate-
gories according to Table 2.

Without much surprise, most support is provided through explicit mentions (40.5%),
followed by implicit ones (19.5%). Favourable position statements and empirical confirma-
tions are equally proficient (15-16%) and ‘negative’ supports (unfavourable position state-
ments and empirical refutations) remain somewhat marginal despite their epistemological
importance.

Explicit mentions (Q1a & Q2a)

Figure 3 shows, in decreasing order, the number of articles (out of 245) that mention each
recorded CC model and explicitly present them as such. It is important to remind readers
that this figure (as well as the following) does not show the number of such mentions, but
the number of articles that make such mentions at least once, usually in their introduction,
background, or theoretical framework sections. It is also important to understand that
each article can provide support for, or critique of, more than one CC model.
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The colours used to identify the models are the same in all the figures in this paper (e.g.,
Posner et al.’s model is always in black and Vosniadou’s in red, etc.). All these figures include
self-mentions (self-citations), because we believe that, since articles published in the jour-
nals under consideration have undergone thorough, blinded evaluation processes carried
out by experts in the field, we can be surer of their objective value, regardless of the
presumed subjectivity of self-citations.

Figure 1. Decision tree used to qualify models of CC in science education.
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Figure 3 allows to easily identify the most ‘popular’ models that are explicitly referred
to in our set of selected articles. On top, Posner’s model (black) appears to be far ahead;
almost twice more often cited that any other model.

Figure 4 shows the distribution over time of articles providing support via explicit men-
tions. They appear in the same decreasing order (however from bottom to top) as the one
provided in Figure 3. To retrieve each model, one can refer to the colour used (same for all
figures), or to the abbreviation used, associated with each model presented in Table 3.

Figure 2. Distribution over time of articles within the five journals.

Table 1. Journals selected and number of articles selected in each.
Journal selected Number of articles selected % of articles selected

Science Education (SE) 67 27.3%
Journal of Research in Science Teaching (JRST) 64 26.1%
International Journal of Science Education (IJSE) 63 25.7%
Learning and Instruction (L&I) 26 10.6%
Research in Science Education (RISE) 25 10.2%
Total 245 100.0%

Table 2. Distribution of all recorded instances of support across the six categories.
Type of support Number of instances of support recorded % of instances of support recorded

Explicit mention 873 40.5%
Implicit mention 420 19.5%
Favourable position statement 344 16.0%
Unfavourable position statement 125 5.8%
Empirical confirmation 325 15.1%
Empirical refutation 69 3.2%
Total 2,156 100%
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It is not impossible that recorded mentions occur a few years before the official
introduction of a model, because sometimes authors had the opportunity to hear about
key elements of early versions of rival models in conferences. After verification, this

Figure 3. Number of articles providing support via an explicit mention for each CC model.
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happened two times (1 example of support for VOS and another for DIS), both preceding
the definitive versions of these models by about two years. Figure 4 shows an uneven
distribution of explicit mentions, with most popular models also being the oldest ones.

Implicit mentions (Q1b & Q2b)

Figure 5 shows, in decreasing order, the number of articles (out of 245) that mention each
recorded CC model in an implicit way, meaning that they can mention fundamental
aspects of certain models and of their distinctive elements, but without explicitly identify-
ing them as models. It is important to understand that these results are not as strong as
the ones compiled for explicit mentions because they are more a function of the analysts’
interpretation and their familiarity with CC models. Indeed, the identification of implicit
mentions have caused more intense discussions between coders than explicit ones,
mostly because they require deductions about the author’s intentions and because they
rely on indirect clues. Thus, they can be farther away from authors’ intentions. It is also
important to understand that all the results given for implicit mentions are entirely
exclusive of those obtained via an explicit mention. This means that a model that received
an implicit mention in an article necessarily did not get an explicit one. Thus, Figures 5
and 6 cannot be considered independently from Figures 3 and 4.

Implicit mentions show, among other things, a distribution quite different from explicit
mentions, with Driver’s model appearing in first place, instead of Posner’s, but with less

Figure 4. Distribution over time of articles providing support via an explicit mention for each CC
model.
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clear quantitative superiority. Figure 6 shows the distribution over time of recorded
articles providing support via an implicit mention.

Since the 1992–1994 explosion of articles described before, most implicit mentions
seem to have recorded a stable number, with a peak during the 2001–2003 span. This
contrasts a bit with the explicit mentions graph (Figure 4), in which a peak appeared a bit
later (2004–2006). Implicit mentions also seem to be less concentrated on a few models
and more evenly distributed between models.

Favourable position statements (Q1 c & Q2 c)

Figure 7 shows, in decreasing order, the number of articles (out of 245) providing support
for each recorded CC model via a favourable position statement. Therefore, when an article
has explicitly presented a model, or one or more of its elements or outcomes as positive,
interesting, valuable or desirable, it appears in this summation.

Favourable position statements appear to follow the same pattern as explicit mentions.
This might possibly be due to the general observation we made that explicit mentions
and favourable position statements often come together, while being logically exclusive.

Figure 8 shows the distribution over time of recorded articles providing support via
favourable position statements. Also for the distribution in time, that general pattern of
favourable position statements appears to follow the same one as explicit mentions.

Unfavourable position statements (Q1d & Q2d)

Figure 9 shows, in decreasing order, the number of articles providing unfavourable value
judgements of certain models. Therefore, when an article has explicitly presented a CC
model or one or more of its elements or its outcomes as negative, discredited or
undesirable, it appears in this summation.

Surprisingly, the unfavourable position statements are mostly concentrated on the
popular models, the most criticised one being Posner’s model; however with the excep-
tion of the diSessa models, which is the second most criticised, while clearly not being in
second place in other figures (see the Discussion section for more).

For purposes of reducing text length, the distribution over time of recorded articles
providing unfavourable position statements, by model is presented in supplementary
materials (under ‘Unfavourable position statements – time’).

Empirical confirmation (Q1e & Q2e)

Figure 10 shows, in decreasing order, the number of empirical articles (out of a possible
186) providing empirical confirmation of certain models. Therefore, when an article has
explicitly presented empirical results that clearly or explicitly support one model, this
model appears in the figure. Such empirical support types are usually found in the
analysis, interpretation, discussion or conclusion sections of the articles under analysis.
If an article argues that its results support more than one model, then we recorded
support for each one of these models.

Posner’s and Vosniadou’s models are clearly the ones that get the most empirical
support from articles. While the quality of this support is not evaluated, we can
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nevertheless affirm that more empirical articles provide support to these two. Many other
models also benefit from empirical support, but most of the ones that only get only one
instance of empirical support are often ‘proven’ only by their proposers.

Figure 5. Number of articles providing support via an implicit mention for each CC model.
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Figure 11 shows the distribution over time of recorded articles providing empirical
confirmation, by model.

This distribution in time of empirical confirmations suggest that their targeting is
sometimes concentrated during certain periods. For example, Hewson’s model has
been tested mostly during the 1992–2000 period, while Carey’s (CA2), mostly from 2001
to 2009. Surprisingly, Posner’s model does not seem to benefit from much of this type of
confirmation anymore.

Empirical refutation (Q1 f & Q2 f)

Figure 12 shows, in decreasing order, the number of articles (out of 186) providing
empirical refutation of certain models. Therefore, when an article has explicitly presented
empirical results that clearly or explicitly refute a model or one of its elements or possible
outcomes, this model appears in the figure.

Empirical refutation are rather rare events in the field of conceptual change. Most of
them are concentrated on Posner’s, Chi’s and Vosniadous’ model, in decreasing order.
Since their relative scarcity, and for purposes of reducing text length, the distribution over
time of recorded articles providing empirical refutation (by model) is presented in
supplementary materials (under ‘Empirical refutation – time’).

Figure 6. Distribution over time of articles providing support via an implicit mention for each CC
model.
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Figure 7. Number of articles providing favourable position statements for each CC model.
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List of CC models (Q3)

Table 3 presents the complete list of qualifying models (n = 86) with a suggested identify-
ing label, the codes used to retrieve them in this article (abbreviation and colour), and a
recommended fundamental reference article to allow the reader to easily find at least one
of the best (to our knowledge) descriptions of them. We also offer a very short description
of the supposed mechanism of conceptual change (which has not been confirmed by the
proposers of the models; we hope we have remained faithful to their main ideas). The table
also details the number of all favourable supporting articles that each CC model received
from the corpus. It is on the basis of these numbers that we established the hierarchy, the
ones on top – those with the most support – being determined by empirical support. If the
number of support examples was identical, positioning was determined by the number of
favourable position statements. In case of a tie, explicit mentions were used. Implicit
mentions, and then alphabetical order were also used a few times to distinguish between
the last remaining models where there was a tie.

Discussion

General comments on the corpus and its evolution over time

Looking at Figure 2, we can see that, although articles explicitly identified as conceptual
change (in science learning) began to be published in the early 1980 s, the early ’90 s saw
an ‘explosion’ of research propositions on the topic. It is possible that the initial

Figure 8. Distribution over time of articles providing favourable position statements for each CC
model.
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publications on the topic (with the publications of special issues), triggered this apparent
enthusiasm. However, it is also possible that such interest in frequent-yet-logical errors
already existed, but that the appearance of the ‘conceptual change’ framework had a
consolidating effect on the previously dispersed initiatives within the field of science
education. This enthusiasm seems to have declined starting in the early 2010 s, but
conceptual change was still an important topic, with an apparent regain in interest
between 2013 and 2015. However, the weak score for 2016–2018 should not necessarily
be considered, at this point in time, as a second decline in interest, as all articles for this
period may not have been published yet, and because indexation in databases can be
subject to delays.

The distribution across the different journals appears to be a bit noisy, and even if all
the journals selected have published conceptual change articles in nearly all the periods
considered, these numbers do not show much regularity. However, this can be explained
by the fact that sometimes journals publish special issues [for example, Learning and
Instruction, which published a conceptual change special issue in 2001 (Mason, 2001), the
presence of which clearly appears in Figure 2], or make explicit or implicit changes in their
policies or publication habits, as well as in their regular production cycles (e.g., changes in
personnel can have noticeable effects on publication standards or productivity).
Nevertheless, our data seem to indicate a rather regular rate of publication of conceptual
change articles, with what seems to be a peak in the early 2000 s.

Figure 9. Number of articles providing unfavourable position statements for each CC model.
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The vastmajority of these articles refer (explicitly or not) tomodels of conceptual change.
Knowing that we recorded 2,156 distinct examples of support of all types (Table 2), and that
we analysed 245 articles to get them, we can calculate a mean of almost 10 distinct
references or examples of support for CC models in each article. Most of these supports
are mere mentions (873 + 420 = 1,293), and many (344 + 125 = 469) are also accompanied
by value judgements (regardless of the legitimacy, the nature or basis of these judgements).
But we can also recordmany (325 + 69 = 394) empirical arguments that confirm or refute CC
models. We can therefore hardly accuse the field of referring exclusively to ideology.

Models with the greatest support and influences

By examining Figure 3, one can see that our corpus uses explicit mentions to refer to
certain models much more often than to others. Indeed, and with little surprise, more

Figure 10. Number of articles providing empirical confirmations for each CC model.
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Figure 11. Distribution over time of articles providing empirical confirmation for each CC model.

Figure 12. Number of articles providing empirical refutation for each CC model.
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Table 3. Ordered list of CC models.
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than half (136) of all (245) articles explicitly present Posner’s contribution as a CCmodel. In
second place comes Vosniadou’s; in third comes Chi’s; etc. The first seven models (POS;
VOS; CHI; HEW; DIS; CA2; PIN) have attracted more explicit mentions than the rest of the
CC models taken together.

Contrasting with these results, the analysis of the implicit mentions (Figure 5) is very
interesting because the hierarchy is somewhat different. Driver’s (DRI) contribution is now
in first place, and while some of the hierarchy remains the same, Chi’s contribution
tumbles to 13th position and Posner’s to 10th, while White’s (WHR) and Clement’s (CLE)
contributions have climbed into the top seven. We believe that these observations
suggest that some influences (DRI, WHR, CLE) in the conceptual change field may be of
capital importance, while not necessarily being explicitly presented as models by the
authors. Others (POS, CHI) are almost always considered as models when mentioned, so
much so that authors seem to avoid presenting them as non-model contributions.
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Figure 5 shows a smaller number of models being mentioned than does Figure 3. We
believe this to be normal since it is more difficult to identify a clear target of reference in
implicit mentions, unless very well-known or exclusive components of certain models are
discussed, which happens less often and is more restrictive.

Figure 7 shows instances in which positive value judgements accompanied mentions.
In this case, the quantitative superiority of Posner’s CC model appears to be even clearer
than in the previous figures (65 favourable position statements). It ‘dominates’
Vosniadou’s (VOS) model with twice the approval, and has three times the number of
support that CHI’s has obtained. Similar to our previous finding, half of the favourable
position statements are concentrated in the first six models (this time: POS; VOS; CHI;
HEW; PIN; DIS) and the rest of the CC models share the other half.

Empirical articles (total = 186) have also provided experimentally based confirmation of
the value of certain models, or of parts or consequences of them. Figure 10 provides the
number of articles that show such confirmation. In this case, the quantitative domination
of POS is not as strong (but remains indisputable), but the presented order is not very
different from that observed in earlier analyses (POS; VOS; HEW; CHI; PIN; DIS; etc.).

In light of these observations, we believe that, even though we have recorded a rather
large number of models, we can identify reasonably clear tendencies about the ones
receiving the most positive support (also see Table 3) from our corpus. These models are
POS, VOS, CHI, HEW, PIN, DIS, and maybe CLE and CA2. However, it might be unfair to
disqualify as major influences the contributions of DRI and WHR, even though they are not
always explicitly identified as models in our corpus.

Of course, the shortlists presented in this discussion are necessarily biased by seniority.
Indeed, older models have better chances of garnering most of the accumulated positive
support; not only because they might have acted as pioneers and are thus necessarily
inspirational, but also because they have simply had more opportunities to accumulate
references, having been around for longer. Indeed, for example, very recent propositions
(e.g., the dynamic model of conceptual change [DMCC] (Nadelson et al., 2018), have not
yet gained any support from our corpus despite their obvious qualities. Therefore, our
‘historic’ analysis of support is unable so far to enlighten recent trends. This is why we
have conducted an additional analysis of the number of supporting articles (for all kings of
support) per year. Thus an alternative version of Table 3 appears in supplementary
materials under ‘Additional Table of models (per year)’ and shows that the ‘top 10’ has
not seen major changes. Only two models (SHE and DOL) have made their entry, while
C&B and CA2 have been excluded, while not very far (12th and 13th). VOS is now the 1st

model and POS gets second place in this correction.
Before getting interested in temporal trajectories, let us have a look at the ‘negative’

support models have received.

Critiques and refutations

Of course, articles from our corpus do not always refer to CC models in noncritical ways.
Figure 9 presents unfavourable position statements, and we find in the top seven of the
list many of the models that have also received positive support (POS, VOS, CHI, CA2, PIN).
This result is rather unsurprising since it could be considered normal that the most
popular models should also be the ones that are more frequently observed and analysed
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by researchers. However, it is more surprising to see the extent to which diSessa’s (DIS)
perspective (usually ranking 4th or 6th, and here rising to reach 2nd position) has been the
target of much negative criticism. Here, we can hypothesise some possible causes: (a) it is
considered defective or is misunderstood, (b) it is emblematic of the top models as an
adversary, (c) it is divergent or ground-breaking (and therefore counter to mainstream
CC), or (d) it mainly focuses on physics, which restricts the amount of general support it
can get. We also notice that Nussbaum’s very early contribution (NUS) has suffered more
critiques than its precedent approval rankings (11th, 9th and 19th) might have led us to
presume, making a first appearance in the 6th position. In this case, however, we believe
that the explanation is easier to find: this model might be considered too simple (dis-
crepant event + transmissive teaching), fitting less clearly in the general constructivist
frame, and/or it may have been rapidly supplanted by Posner’s model, which can be seen
as an upgrade to Nussbaum’s model.

We can then notice similar observations, but with empirical refutations (Figure 12). In
this list, which does not constitute an argument as strong as the previous ones because of
its smaller numbers, we can still notice the presence of NUS (5th) and other models that
were not as often among the most supported ones (OSB, KLO). Also noticeable is the
presence of Chi’s model (2nd place) among the top six, as well as diSessa’s drop to 8th

position, tying with many others, which might suggest that the unfavourable position
statements that had targeted this model might not be often empirically founded.

Trends

When examining Figures 4, 6, 8, and 12 (and others in supplementary materials), we can
suggest a general trend for the different types of support that our corpus has provided
throughout the history of the field. We can say that the 1980 s saw mostly discussions
about CC models and, possibly, about the early propositions (without necessarily pre-
senting them as models (Figure 6)). Then, in the ’90 s, authors began to issue many more
value judgements about them (Figure 8). The ’90 s also saw a gradual rise in empirical
confirmation (Figure 11) of the value of such models, and the 2000 s recorded the largest
number of experimental confirmations or refutations (as well as supports of all kinds). We
therefore believe that the field has undergone a rather healthy progression through this
sequence of events.

Our timeline figures often also show important peaks in the mid-2000 s (for mentions,
for example), suggesting that a great deal of CC activity occurred during this period, and
that it is not impossible that the field had then reached somewhat of a ‘golden age’. This
suggestion, however, will have to be confirmed in the future, with the benefit of temporal
distance. These peaks could also have been artificially boosted by a few articles that
exhaustively presented the influences of the field through more references than usual,
sometimes within reviews of literature [e.g., Palmer (2005)].

But still, it does not appear over-stated to suggest that the conceptual change field has
seen better days, especially since other review initiatives have also recorded a decline. A
few hypotheses can be formulated to explain this state of fact. The first one concerns the
focus of most CC models on individual learning. In recent years, the CCM and associated
constructivist theories might have been eclipsed by more social and situated theories of
learning. These newer theories look into social processes, discourse, and meaning, rather
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than individual conceptions. The CCM might not have been able to keep up with such
changes in learning theory, and authors (and possibly whole research cultures, like the
francophone world) might have sometimes chosen to avoid or even reject it. Another
possibility could be attributable to the complexity of the conceptual change phenomena.
It is indeed possible that research techniques are still unable to grasp the integrality of
such a phenomenon, and allow only rough conclusions. Thus researchers could remain
interested in conceptual change, but might also be a bit disappointed or confused by the
diversity and ill-convergence of available prescriptions. Of course, it is today widely
accepted that misconceptions have to be taken into account in teaching (and this is an
important and concrete result of the field), but interest in a topic also has to be cultivated
by new and converging results in order to avoid ceiling effect or declines in adherence.
Finally, a third possible explanation for the apparent decline could be that research
activities traditionally identified to conceptual change might have moved into- or closer
to- other fields, or use different labels. For example, recent neuroeducational research
efforts have seen frameworks and concepts from the educational and neuroscientific
worlds exchanged, and sometimes mixed or reformulated. It is thus possible that CC is
experiencing some sort of (at least partial or sectorial) mutation that prevents an easy
identification of all relevant research projects with traditional keywords.

Relative support

Since our timeline figures present absolute numbers of articles, they do not necessarily
allow us to easily understand the temporal tendencies of the relative support that each
model has received. We thus suggest referring to the figure presented in supplementary
materials [named ‘Explicit mentions – time (percentages)’]. It allows us to see that many
models that appeared in the late ‘80 s but mostly in the early ’90 s are often those that are
most frequently mentioned today as CC models (VOS; DIS; CHI; PIN; C&B and DOL (and
maybe CLE)). On the other hand, Posners’ (POS) and Hewson’s (HEW) models (and also
maybe Nussbaum’s [NUS]), for instance, after having occupied most of the field for many
years, are in relative decline today (at least in terms of explicit mentions), while still being
relatively popular. Similar observations could also be made for other kinds of support (not
presented here in relative mode). These general results are not too distant from the lists of
important models that many articles present in their literature reviews (Amin et al., 2014;
Vosniadou, 2008b). Indeed, we see clear similitudes with the more systematic reviews of
the past, especially for older or most popular models (J.-W. Lin et al., 2016; Tyson et al.,
1997). However, the reasons why these models appear in such repertoires is not always
clear. Are they usually mentioned or presented because they have been much cited or
empirically confirmed in the past? Have these particular models been integrated to
articles because they are worthy opponents that best illustrate the typical tensions that
are inherent to the field? (e.g., knowledge as theory vs. knowledge in pieces) Do we write
about them because they are pioneers or because they are obsolete, or because their
popularity or credibility has been rising or falling? How do we know how important or
dominant they are in the eyes of the educational research community (authors and
readers of research journals)? Are the non-emblematic models as convincing as the
main ones?
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For the moment, we believe that such question remain largely unanswered. However,
the present review study now provides quantitative arguments to support the considera-
tion of most models. At the top of the ‘explicit mentions’ figure, we can also record the
appearance of many weakly (so far) supported models that do not seem to be able to
impose themselves, or whose existence in the field has been short-lived. However, these
propositions should not necessarily be discarded as not promising. We believe that the
field might benefit in the future from such variety.

Of course, we should be very cautious about making projections on the basis of recent
indexations, since they are less numerous, but we certainly look forward to seeing how
trends will unfold in the future.

Limitations

While carrying out this research, we have made many methodological choices that
necessarily made us partially blind to certain aspects that might be considered important
in the field of conceptual change research. For example, the database research algorithm
we used certainly made us undermine the importance of the support that some models
have received over the years. For example, Mortimer’s model [MOR], which we recorded
as a legitimate model of conceptual change, is not always identified by authors as a
typical ‘conceptual change model,’ but perhaps more often given the label of ‘conceptual
profile’ change. It is therefore almost certain that we did not record all the support that
might have been given to it in the science education literature.

The final choice to keep all the articles of the most ‘populated’ journals also probably
made us undermine the importance of some models that are more typical of certain
scientific disciplines, such as Talanquer’s model [TAL: ‘commonsense’model], for example,
for which we are almost certain to have failed to record an accurate amount of support,
since it probably has been mostly published in- and supported by articles in- chemistry
education journals.

Also, other than through the ‘Learning and Instruction’ journal, our analysis might not
have benefited enough from the input of psychologists who prefer to publish their work
in less education-oriented, more psychology-focused journals. We believe, for instance,
that if we had selected more psychology journals, certain very rich and interesting models
such as Ohlsson’s [OHL] or Carey’s [CA1 and CA2] might have earned more support or
criticism. It is in fact not so uncommon to see special issues about conceptual change in
journals that we did not select in the end [e.g., the ‘Conceptual Change and its models’
special issue, published in 2014, in Science and Education (Koponen, 2014)]. In addition,
other important concepts in the field of psychology that clearly have the potential to
enrich the field of conceptual change research may have eluded us, such as error correc-
tion (Glaser, 1990), prevalence (Taylor & Kowalski, 2004), dual-process theory (Evans, 2003),
to name a few.

Our decision to limit ourselves to published articles could also have prevented us from
recording important support that might appear in books, collective works [such as Guzetti
and Hynd (1998)] or handbooks, such as the 2008 Handbook on Conceptual Change
(Vosniadou, 2008b), for example. However, we stand by our decision, because otherwise,
the self-citation and general quality issue would have complicated our task, since strong
peer-reviewed processes are more often secured in well-established journals.
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We also have to live with the consequences of the choice we made to concentrate on
models instead of, for instance, authors, ideologies, epistemologies, or the mere roots of the
field of conceptual change research. This choice unfortunately forced us to unfairly reduce
authors to single (and oversimplified) contributions, while their contribution is usually
much broader and richer. Concentrating on models also prevented us from offering an
analysis of the support that is given to certain ideas fundamental to the field, such as
cognitive conflict, ontological recategorisation, or the coexistence (or not) of misconcep-
tions, for example. All these ideas are often shared by more than one model. Therefore,
their importance in our study cannot be understood because it is fragmented into many
items. For example, VOS and CHI (2nd and 3rd in our general hierarchy [Table 3]), while
different, share many things in common that have to do with ontological recategorisation.
If put together, it is not impossible that the total support they received had been higher in
the list.

In the end, we can only understand our review study as a particular and connoted peek
into the history of conceptual change. We hope that systematic and complementary
efforts that would be similar to ours will be able to reproduce or complete our results
while making different or convergent methodological choices.

Contribution to the field

We hope that our review will help researchers and graduate students situate their own
work within- or out of- the conceptual change field, see where it goes and possibly where
it could or should be going/doing. Looking at our inventory of models (Table 3), they
might evaluate the conformity of their commitments with the already available models
and rapidly see if their own ideas have already been formulated in the past or if similar
ones gotten support. They can also assess their own situation and beliefs as researchers or
teachers in the actual trends and tendencies; they can identify blind spots and attempt to
imagine what kind of research could now bring new insights. They can also see the
general tendencies through all the figures that deploy in time lines and, if they are
defenders (or developers) of one of the recorded models, evaluate the support that
their ‘favourite’ proposition got from the community.

Our contribution could also help academics to reflect on the field itself and propose
constructive critiques of it. In the apparent actual erosion, it nevertheless remains very
active (in absolute terms) and many of its participants and members apparently judge its
contribution to the educational field to be important and still possibly promising. The
plethora of models and the convergence of most support on very few of them (six or
seven) could be interpreted both as a strength and as a weakness.

But still: why is there an apparent need to propose new models, which sometimes do
not diverge a lot from the already existing ones? Is it a ‘research industry’ effect, or a true
conviction that the field crucially needs to survive, is renewed and remain fruitful for the
sake of science education/learning?

Another question: can the recorded happening of new- and diversification of- CC
models necessarily be seen as progress or as a supplementary chance to eventually ‘get
it right’? We believe not, unless considerably more comparative or refutational research
efforts eventually be published. Clearly, it is not impossible that we might be in need of
some type of filtering, even within the set of the few most important models. Minimal
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convergence is essential to the future of a field, but does not appear to be witnessed right
now in the conceptual change domain. We thus call for more comparative research
efforts, which confront not only the effects of CC models/propositions with trivial or ill-
defined teaching interventions, but also with each other. This way might we be able to
converge. Indeed, what would someone think of a field, say, like physics, if eighty-six
models of movement were simultaneously proposed without providing clear possibilities
to discriminate between them?

We also believe that the observed decline could possibly be attributable to an exces-
sive simplicity of the field’s mainly used constructs. For example, very early in the history
of the CC research programme, the idea of ‘change’ (or ‘exchange’) has been criticised.
Even if considerable efforts were made to understand students’ conception not as con-
straints, but rather as instruments that have to be used in so-called ‘reconstructional’
efforts (Kattmann, 2008), we can hardly say that this misunderstanding has definitely been
resolved. Indeed, most newcomers in the CC field rapidly have to learn to inhibit their first
inclination to think that misconceptions must be replaced.

The important idea of ‘conflict’ also has had its share of critiques. Such conflicts are
seen by experts as ‘cognitive’ and ‘constructive’, and thus should not be understood, in a
constructivist framework, as a way to discredit individual ideas or the persons that hold
them. But teachers sometimes have a hard time avoiding this. Finally, the idea of ‘con-
ception’ can also produce negative effects, by suggesting that student’s ideas are mono-
lithic, and can be completely captured by using simple instruments like questionnaires.
On the contrary, research shows that they are ever dynamic, fragile and changing.

Such ‘conceptual’ obstacles are not negligible, and it is not impossible that the field
should reflect on the best ways to integrate, through its fundamental constructs, ideas
such as coexistence, flexibility, deliberation, context, affect, prevalence, duration, as well as
social and cultural dimensions. Efforts are being made in this direction; however, they
might sometimes lack a bit of marketing skills. For the moment, a lot of people still see the
CC phenomenon essentially as an individual and instantaneous insight that happens in a
presumably rational learner’s mind, after a single best intervention available. For those
who appreciate a bit more subtlety, the general idea of conceptual change, which para-
doxically comes with its share of common sense meanings, might appear insufficient to
address real and complex educational problems. We thus suggest that researchers be
more attentive to such issues in the future, and adjust their messages accordingly,
especially when addressing them to teachers.

Next steps

We believe that this review study could be the first step of a larger research programme in
which, for example, instead of merely counting the number of empirical confirmations or
refutations, we could strive to evaluate the strength of given items of support, through a
meta-analytical study.

It could also be interesting to dissect all the models considered herein in order to label
them according to their characteristics and suppositions. We believe that it would be a
worthwhile undertaking to assess the importance of concepts that are smaller than
models but might constitute more fundamental ideas in the field, while contrasting
with the results presented here. Questions such as: ‘What support does the idea of
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conceptual conflict receive from the literature?’, and ‘Is this type of support increasing or
not?’ would be worth investigating, for example.

Conclusion

In this review study, we analysed 245 articles in order to evaluate the support provided by
the literature for each of the recorded CC models throughout the history of the field (1980-
onward). This analysis has given us a glimpse of the relative importance of all CC models
and of their possible trajectories as credible possibilities in the eyes of authors. The results
suggest that most of the support usually centres around six or seven models, while the
remainder usually share the rest. These models are, in decreasing order of their recorded
support: Posner et al.’s General model of conceptual change (1982), Vosniadou’s Mental
model modification (1994), Chi’s Ontological category shift (1994), almost tying with
Hewson’s Conceptual capture and conceptual exchange (1980), Pintrich et al.’s Beyond cold
conceptual change (1993), diSessa’s P-prim reorganisation (1993), and Driver et al.’s Students’
epistemological reasoning categorisation (1996). Among these models, those developed in
the early 1990 s seem to be gaining ground over the ones that appeared in the ’80 s.

However, the great number of CC models that have been proposed might generate
confusion and could possibly impede synthesis and the clarity of pedagogical/didactic
prescriptions. We therefore believe that greater effort could bemade to find the constants
that exist across these models, and to highlight their components that have been the
subject of the best or most frequent confirmations or refutations. It is important to
remember that students and teachers are still waiting for realistic, more effective
recommendations.

Our analysis allowed us to offer a hierarchical list. The content and order of the
elements constituting this list remain disputable. But considering the methodological
choices we made and have described in this article, and keeping in mind that distraction
errors are possible and that smaller but sometimes difficult choices (not necessarily
explained here) had to be made on a day-to-day basis, we believe that we could not
have developed a fundamentally different list. We hope that readers will find it useful, and
that they will be able to interpret the information in convergent but original ways.

We also hope that our results will help to better understand the field and its current
state and trends, and eventually allow researchers to situate their own understanding of
the conceptual change phenomenon within the spectrum of available propositions, as
these are more or less supported by the community. We also hope that this work will
allow the community to better define what conceptual change is, and understand how it
should be discussed in order to avoid misunderstanding about its ambitions.

At the end, we believe that our work, by its capacity to illustrate the strong diversity
and great number of CC models through the exhaustive (and weighted) inventory
available in Table 3, could thus encourage the advent of more comparative research
that could strive to discriminate between different propositions and between their
components, in order to better contribute to the ‘scientificity’ of the field.
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Notes

1. Vygotsky, Bandura, Ausubel, Anderson, Popper, Lakatos, Laudan and Feyerabend could also
be considered.

2. Objective initiatives have, however, been undertaken to present summaries of these two
approaches (Özdemir & Clark, 2007).
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