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Abstract

Students have misconceptions about almost every subject, particularly those that are complex
and counterintuitive. These misconceptions have been copiously reported in literature.
Conceptual change is the process by which students change their misconceptions to a more
scientifically correct conception. A growing number of studies have examined predictors and
mediators of conceptual change. However, there is a paucity of research that has systematically
synthesized these studies to assess the viability of the variables and to point to key variables that
scholars need to focus on. Furthermore, understanding the processes of conceptual change is
important for addressing deeply rooted misconceptions that students bring to the classroom. In
this work in progress, we searched academic journals databases for articles in January of 2023
and 299 research articles were identified out of which 14 of them met the inclusion criteria and
were analyzed for this systematic review. The results show different categories of predictors and
mediators of conceptual change including affective, motivational, and self-regulation variables.
The implication of this study is also discussed.

1.0 Introduction

Misconceptions about basic scientific concepts often stem from students’ innate need to make
sense of the phenomena they encounter in their daily lives [1]-[4]. It is common for learners to
develop naive theories that help them interpret their experiences of the world. Such theories,
built up over time, are often in conflict with consensus opinion in the scientific community.
Students may also acquire misconceptions from misunderstanding their teachers and from the
textbooks they read — both sometimes are the sources of misconceptions [5], [6].

Like any theory, misconceptions (naive theories) enable students to explain their realities, and
predict what could be, even if falsely. As such, they tend to be held strongly and are not readily
abandoned once acquired. In fact, theorists have proposed that instruction that engender
conceptual change must intentionally highlight students’ misconceptions and provide intelligible
alternative ideas to get students to abandon their misconceptions [7], [8]. The process by which
misconceptions are remediated or replaced with scientifically accurate views is called conceptual
change in the educational and learning science literature [9]. Conceptual change is described as
the process of restructuring inaccurate mental models [10]-[12]. The typical instruction involves
the transmission of knowledge to fill gaps in learners’ prior knowledge with missing details.
However, the conceptual change instruction seeks to achieve a ‘radical transformation’ or
restructuring of the learners’ prior conceptions to ensure they acquire a more coherent and
scientifically correct mental model of a subject [13],[14].

Due to the complexity of conceptual change processes, several researchers have examined
different factors that predict or mediate it. Predictors are variables that explain the variability in
the outcome or dependent variable while mediators are variables that explain the process by
which a third variable influences the relationship between the dependent variable and the
independent variable. The main objective of mediation analysis is to identify and explicate the
mechanism underlying the relationship between the predictor and an outcome variable through a



mediator [15]. In mediation analysis, both the direct effect and the indirect effect can be assessed
statistically, enabling researchers to test complex relationships and interactions [16].

While several prior studies have examined the cognitive and affective mechanisms that underlie
conceptual change learning [17], [18], there has been no effort to synthesize the literature for
researchers to know which variables work and through which mechanisms or under which
condition the effect is sustained. Additionally, understanding the factors that predict or mediate
conceptual change is crucial for designing effective educational interventions and promoting
meaningful learning outcomes. Furthermore, findings from this review could inform empirical
studies that may help us understand the predictive and mediational roles of non-cognitive factors
on engineering students’ conceptual change. This study aims to conduct a systematic review of
the literature to identify and analyze the predictors and mediators of conceptual change across
various domains.

2.0 Theoretical Background

Extant conceptual change literature indicates that many students’ often have robust and deeply
rooted misconceptions that can be resistant to being changed by the typical instructional
approach [19]. Misconceptions are often subtle and oblivious to students, and even instructors
may be unaware of the misconceptions that their students bring to the class [20]. Unaddressed
misconceptions can undermine the efficacy of instruction of scientific concepts and inhibit
learning. While many misconceptions have no significant implication for learning, some other
misconceptions may have unforeseen implications for correct application of scientific
knowledge. For example, untenable engineering judgments that stem from a seemingly benign
misconception may have adverse effects on the design and implementation of some engineering
solutions. A vivid example was the collapse of Florida International University pedestrian bridge
where six people died and ten injured [21] which may be attributed to bad engineering judgment
due to misconceptions. As such, instructions that target misconceptions and promote conceptual
change learning are invaluable to acquiring correct scientific knowledge and skills.

2.1 Relevant models of conceptual change learning

The conceptual change model (CCM): Theorists have proposed several models of conceptual
change learning [22], [23]. Posner and colleagues proposed the conceptual change model (CCM)
in their seminal work on knowledge revision. They posited that conceptual change involves a
radical change in learners’ prior knowledge that is similar to the paradigm shift in theory change
described by Kuhn [24]. The CCM proposes that four conditions — dissatisfaction, intelligibility,
plausibility, and fruitfulness — are essential to facilitating conceptual change in learners who have
misconceptions. According to Posner et al, instruction must first stimulate cognitive conflict that
causes learners to become dissatisfied with their prior conception. A cognitive conflict occurs
when the learners’ preconception or naive explanation no longer provide a satisfactory
explanation to a phenomenon or concept. This makes them seek a more intelligible and plausible
alternative explanation. Apart from being cognitively dissatisfied, the new message must be
intelligible, that is, it must be comprehensible and intelligible to the learner to be considered a
good replacement for their preconception. In addition to being intelligible, the new conception
must be plausible: i.e., it must be seen or perceived as being a reasonable alternative. Lastly,
Posner, et al. [24] argued that the alternative perspective must be fruitful —i.e., it must have the
potential of resolving the cognitive conflict and dissatisfaction that the learner has experienced
with their preconception.



Several interventions that aim to resolve students’ misconceptions have drawn on the
propositions of the CCM. One example of such intervention is the use of refutation texts in
scientific literature. Refutation texts are designed to draw the reader’s attention to a
misconception by expressly stating it as a misconception that many people often have about the
subject. Next, the text presents anomalous data or an alternative perspective that is intended to
create a cognitive dissonance and dissatisfaction about the faulty preconception in the reader
[25].

2.2 Alternative models of conceptual change learning:

Pintrich and his colleagues argue that motivational and affective variables affect whether
students can identify and acknowledge their misconceptions and whether they will revise their
prior knowledge [26], [27]. They argued that a better portrait of the conceptual change process
would be one that seriously considers the roles of motivation variables such as task value, goal
orientation, and self-efficacy belief in conceptual change learning [27]. They described Posner’s
conceptual change model as focusing on ‘cold concepts’ and argued that a ‘warm conceptual
change’ model must consider the effects of affective and non-cognitive variables on learning for
conceptual change.

Researchers have proposed conceptual change models that incorporated the recommendations of
Pintrich and his colleagues work, that is, models that account for cognition, affect, and
motivation. For example, Dole and Sinatra [28] proposed the Cognitive Reconstruction of
Knowledge Model (CRKM) as a model of conceptual change learning that integrates both
cognitive and motivational variables, in explaining how conceptual change learning occurs. In
addition to the CCM position on the need for stimulating cognitive dissatisfaction, the CRKM
highlights the roles of personal relevance, social context, and need for cognition in stimulating or
inhibiting learning for conceptual change. The CRKM also argues that certain learner and
message characteristics can interact in ways that increase the likelihood that knowledge revision
or conceptual change will occur. Learner characteristics may include prior knowledge and
learners’ mental and emotional commitment to such prior knowledge and learning motivation.
The likelihood that conceptual change learning will occur may depend on how coherent learners’
prior conceptions are, and whether they have any deep emotional commitments to their ideas.
For example, preconceptions that seem very logical and well coherently connected in learners’
minds, and for which they passionately support, are less likely to succumb to the ‘tyranny’ of
fact and data. Similarly, motivation and commitment to learning can determine whether learners
will be objective in examining their cognitive commitments and in considering whether to revise
an inaccurate preconception. The CRKM model suggests that factors such as personal relevance,
need for cognition, achievement goal orientations, and social contexts are all factors that could
determine whether learners will experience cognitive dissatisfactions with their preconception
and revise the prior knowledge.

Lastly, the CRKM model also posits that certain message characteristics can make learners
consider alternative perspectives as more appealing, offering better explanation for a
phenomenon they had misconceived. For conceptual change to occur, Dole and Sinatra [28]
argue that not only should a new conception be intelligible and plausible, but it must also be
comprehensible and rhetorically compelling. The CRKM model hypothesizes how the
interactions between ‘warm’ variables of learning may influence conceptual change. However, it
does not predict conditions under which conditions strong, weak, or no conceptual change would



occur as seen in Table 1. Furthermore, there has been scant empirical validation of the major
propositions of the model.

Table 1. CRKM Model of Conceptual Change [25]

Learner characteristics Message characteristics
Existing conceptions Comprehensible
Motivation: Dissatisfaction Coherent

Motivation: Personal relevance Plausible

Motivation: Social context Rhetorically compelling
Motivation: Need for cognition

Learner engagement

Low engagement | High engagement
No/weak conceptual Strong conceptual
change < > change

2.3 Purpose of the Study

Since the seminal work of Posner and the follow up study by Pintrich, several studies have
examined the roles of cognitive, motivational, and affective factors on knowledge revision. This
current study aims to synthesize findings from these various studies to determine the variables
that influence conceptual change and their relative effectiveness. Specifically, this systematic
review aims to achieve the following objectives:

a. ldentify the main categories of factors that predict conceptual change or knowledge
revision.

b. Identify the main categories of factors that mediate conceptual change or knowledge
revision.

c. Evaluate the importance and significance of predictors and mediators of conceptual
change or knowledge revision.

d. Identify theoretical framework and models used to explain the predictive and mediational
process of conceptual change or knowledge revision.

Research Questions:

a. What are the descriptive patterns of the studies conducted?

b. What are the major predictors of conceptual change and how have they been
conceptualized?

c. What are the major mediators of conceptual change and how have they been
conceptualized?

d. What are the theoretical and methodological considerations of the included studies?

3.0 Method
For this review, we followed established guidelines for conducting systematic literature reviews

and meta-analysis [29] and the PRISMA guidelines [30]. While the PRISMA was primarily
developed and used for healthcare intervention research, many of the items on the checklist
apply to educational research as well. By following the established guidelines and the PRISMA



checklist, we can objectively and transparently report the findings of our systematic literature
review.

3.1. Selection criteria and search strategies

To begin with, we developed a set of criteria to determine studies that should be included for
coding and eventually for analysis and synthesis based on our preliminary review of predictors
and mediators of conceptual change. To be considered eligible for inclusion for this systematic
review, studies need to meet the following inclusion and exclusion criteria. The study:

examines misconceptions or knowledge revision.

uses quantitative methodology.

examines at least one mediator variable.

includes conceptual change or knowledge revision as outcome variable.
is published in peer review article.

is accessible online.

is written in English language.

@m0 o0 o

Exclusion criteria include:

a. studies where conceptual change acts as predictor or moderator variable.

b. studies written in language other than English.

c. dissertation, thesis, grey literature, magazine and so on are all excluded.
All research designs that lend themselves to quantitative methodology are considered. The
studies could be observational, experimental, or quasi-experimental studies. As long as there is a
predictor variable and at least one mediator variable present in the design, the study would be
included.

3.2 Literature Search

We conducted the literature search by searching through relevant databases. We searched
Medline, Science Direct, Academic Search Complete, ERIC, PsycINFO, and Web of Science. In
order to get the optimum result of our search efforts, we used keywords from key articles
examining the predictive and mediating factors on conceptual change. The keywords “conceptual
change”, “misconceptions”, “pregnan”, “predict*”, “mediat™” were used to identify relevant
studies in the databases. Search term included these keywords joined together by Boolean
operators e.g. (“conceptual change” OR misconceptions or mediat® OR predict* NOT pregnan*®).
This search yielded 299 articles across the databases. Initial search results contain 63 duplicate
articles which were removed. After screening the title and abstract, 213 articles were removed,
and the remaining 23 articles were retrieved for full text reading. After the full text reading, 9
articles that did not qualify based on the inclusion and exclusion criteria were removed. And the
remaining 14 articles were included in this systematic review as depicted in Fig. 1
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Fig. 1 PRISMA flow diagram showing the structural diagram of the study screening and
selection processes.

3.3 Coding and study features

A coding sheet was designed to extract important and key features of the studies included. This
excel sheet was organized into different sections: (1) reference information (2) study information
(3) theoretical underpinning (4) participant information (5) methodological features (6)
independent variables (7) mediating variable (8) dependent variable (9) Correlations and effect
sizes (10) Findings (11) Major contributions and limitations. The first author coded 50% of the
articles included in this study twice at different times to check the consistency of the coding.
Intra-rater reliability at first was 89%, however, after resolving all areas of discrepancies, the
intra-rater reliability was 98%. All the remaining articles were then coded. The second author
went over the coding sheet to ensure the accuracy of the coding.

4.0 Results

This review presents comprehensive analysis of articles focusing on predictors and mediators of
conceptual change. Our study involved a thorough review of 14 articles aiming to gain insights
into variables that have been explored as predictors and mediators of conceptual change. It was
observed that 79% of the studies were conducted between 2010 and 2022, and only one study



was conducted before 2000. Figure 2 shows the distribution of published articles across the
years.
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Fig 2. Number of publications by year.

Misconceptions cut across all age groups and school levels. Regarding the target participants of
the studies coded, about 71% of the articles were conducted using undergraduate students —
Figure 3. 14% of the articles worked with high school students while 7% of the coded articles
worked with middle school and 5" grade students. Most of the studies used samples ranging
from 100 to 200 participants. Our observation showed that the next most common sample sizes
are those above 200, while only two studies used participants that were less than 100. The total
number of participants were 3209, out of which 648 were female. The participants were from
different learning domains with Physics and Biology dominating, while Light and vision, natural
selection, Newton’s first and second laws, and common cold were topics commonly explored for
possible misconceptions.

Number of publications by percentage
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Fig 3. Number of publications by educational level.



Because of the nature of the questions explored in this review and the inclusion and exclusion
criteria applied, most studies in this realm are done using either correlation, regression, path
analysis, and structural equation modeling. All the analyses method mentioned fall under the
category of quantitative, correlational studies.

Our next observation was the journal outlets where studies investigating predictors and mediators
of conceptual change have been published. The analysis results show that most of the studies
were published in either educational psychology outlets or science journal outlets. Two of the
studies were published in contemporary educational psychology journal with impact factor of
10.3, others were published in relevant and high impact factor journals, see Table 2.

Table 2. Journal outlets and their impact factors

Row Labels Number of Studies mpact factor
BRITISH JOURNAL OF EDUCATIONAL

PSYCHOLOGY il B.7
COGNITION AND INSTRUCTION il 3.3
CONTEMPORARY EDUCATIONAL

PSYCHOLOGY P 10.3
INSTRUCTIONAL SCIENCE P P.5
INTERNATIONAL JOURNAL OF

SCIENCE AND MATHEMATICS

FDUCATION il p.2
Issues in Theory and Practice P 10.3
JOURNAL OF EDUCATIONAL

PSYCHOLOGY P 4.9
JOURNAL OF EXPERIMENTAL

FDUCATION il p.2
JOURNAL OF RESEARCH IN SCIENCE

TEACHING i 3.9
LEARNING AND INSTRUCTION il 5.2

Most of the work in this area has been conducted in the US, Canada, Germany, and Taiwan. It
was noted that almost all the studies were conducted in developed countries. One of the studies
did not report on the country where it was conducted. This is shown in Figure 4.
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Different theoretical lenses are used to study predictors and mediators of conceptual change. The
most common one being the Cognitive Reconstruction of Knowledge Model (CRKM) theory
that explains how message characteristics as intelligibility, coherence, plausibility and students’
characteristics such as motivation interact to engage the learner in the learning task. The
assumption in CRKM model is that if learners are highly engaged in a conceptual text, they
would experience cognitive conflict, and that would lead to conceptual change. Other theories
used to understand conceptual change include the achievement goal theory, Control value theory,
Self- efficacy theory, and Interest theory.

4.1 Predictors of Conceptual Change

Our analysis reveals several predictors of conceptual change. These predictors fall into different
categories including achievement goal orientations, motivation, affect and self-regulation and
cognitive constructs. Taasoobshirazi and Sinatra [31] in their study of physics undergraduate
students’ misconceptions found that approach goal had small but significant effect on conceptual
change. Similarly, Ranellucci, et al. [32] found that the adoption of mastery goal positively
predicted conceptual change, while both performance approach and performance avoidance
goals negatively predicted conceptual change. Furthermore, in an empirical study of tested
approach goals. Linnenbrink and Pintrich [33] showed that mastery goal predicted conceptual
change learning of projectile motion, that is, it helped students overcome their misconceptions.
Motivational factors such as situational interest, individual interest, task value have also been
examined as predictors of conceptual change. Our analysis shows that need for cognition,
cognitive conflict and individual interests have conflicting results within the literature. While
some researchers have shown that they predicted conceptual change, others have found no effect
or even negative effects. For example, Taasoobshirazi and Sinatra [31] in a study of physics
students found that need of cognition had small but significant influence on conceptual change,
while in a follow up study, need for cognition was not a significant predictor of conceptual
change. Thomas and Kirby [34] also found similar results that showed need for cognition as a
significant predictor of conceptual change. Furthermore, they found that both situational interest
and individual interests were significant predictors of conceptual change, however, the effect of
situational interest on conceptual change is larger than that of individual interest.



Affective and self-regulation constructs have also been investigated as predictors of conceptual
change. Constructs such as confusion, curiosity, and enjoyment, and attention allocation. In our
analysis, affective factors of confusion, curiosity, and enjoyment have been studied as predictors
of conceptual change. Taasoobshirazi, et al. [35] found that enjoyment significantly and
indirectly predicted conceptual change through approach goals, motivation, and deep cognitive
engagement. In their study, Muis, et al. [36] found that student’s curiosity and confusion that
followed from a surprise affects their engagement which led to conceptual change. These studies
showed the importance of emotional constructs in the processes of conceptual change. In their
study, Jones, et al. [37] found that attention allocation contributed significantly to student
cognitive engagement that predicted the likelihood of conceptual change happening. These
studies showed the importance of emotional and self-regulation constructs in the processes of
conceptual change.

4.2 Mediators of Conceptual Change

As in the case of predictors of conceptual change, our analysis reveals several mediators of
conceptual change. These mediators fall into different categories including motivation, affect,
self-regulation, and engagement variables. Mediators explain the observed relationships between
predictors and outcome variables. Two studies assessed students’ motivation as a composite
multidimensional construct comprising of student scores on task relevancy, self-determination,
self-efficacy, intrinsic motivation, extrinsic motivation together and named it motivation [31],
[35]. The results from their study show that need for cognition was an important construct and
that its effect was mediated by students’ motivation. Similarly, researchers have also examined
deeper processing strategies, such as reflective thinking, are associated with the level of
cognition necessary for conceptual change learning [38]. Our analysis revealed that most
mediational processes of conceptual change are facilitated by students’ cognitive engagement to
the task.

The result of the analysis of the included studies shows that various self-regulatory constructs
have been examined as mediators of conceptual change. Self-regulation constructs of attention
allocation, critical thinking, elaboration, and strategy use have all been explored. In the study of
Muis, et al. [36], critical thinking skill significantly mediated the effect of curiosity on
conceptual change. And finally, affective factors play key mediational role in knowledge
reconstruction. In their study of student misconceptions about genetically modified food GMF,
Thacker, et al. [39] found that the emotions of curiosity, frustration, hope, and enjoyment play
significant mediational roles in attitude and knowledge change. In particular, they found
confusion mediated the relationship between pre-reading attitude and post reading knowledge.
Similarly, Linnenbrink and Pintrich [33] in their investigation of the role of motivational beliefs
on conceptual change conducted two studies. Findings from the first study showed that mastery
goals had significant effect on conceptual change, however, the mediational role of affect on
conceptual change was not significant. In a replication study with different participants, they
found that only negative affect partially mediated the relationship between mastery goal and
conceptual change of projectile motion [33].

5.0 Conclusion

This systematic review was undertaken to investigate predictors and mediators of conceptual
change. This study investigated patterns of studies conducted to examine predictors and
mediators of conceptual change. Also, we identify key predictors and mediators of conceptual



change and evaluate their relative importance and significance in the process of knowledge
construction and reconstruction. Furthermore, we categorize these variables in a way that can aid
the development of instructional interventions to correct students’ misconceptions, particularly in
fields where misconceptions are prevalent like engineering.

Findings from our analysis show that motivational constructs of need for cognition, cognitive
conflict, and individual interest have inconsistent results in terms of their predictive significance.
For example, some studies found that need for cognition is necessary for conceptual change,
while other studies have shown that it was not significant predictor of conceptual change[31],
[35]. On the other hand, mastery goal and situational interest were consistent significant
predictors of conceptual change. Similarly, affective factors of enjoyment and surprise resulting
from curiosity and confusion were also significant predictors of conceptual change. These
findings are important as they help instructors provide targeted interventions for remediating
student misconceptions.

Finally, engagement variables such as cognitive engagement or learning strategies were
consistently investigated as mediators of conceptual change. Understanding the factors that
mediate a relationship is important to know if the effect of a predictor on conceptual change is
direct or indirect through another variable. This knowledge is important for instructors to
understand the best way to bring about conceptual change among their students. Instructors
thinking about helping students to overcome their misconceptions can incorporate technology-
enhanced learning tools, such as interactive simulations and digital platforms which can foster
students’ engagement and facilitate conceptual change[40]. Furthermore, the integration of
generative learning strategies of self-explanation activities can enhance students’ cognitive
engagement and deepen their understanding of engineering concepts[41].
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