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analysis to reveal research in mathematics education. Concept
cartoons are effective teaching tools used to uncover
misconceptions about concepts and support meaningful learning.
Within the scope of the research, 58 academic publications
published between 1999 and 2025 were analyzed using the
keywords "concept cartoon" and "concept cartoons" in the Web of
Science (WoS). The data were analyzed using keyword, author,
citation, bibliographic match, and co-citation analyses using the
VOSviewer software. Based on the analysis, it was determined
that most concept cartoons were concentrated in the field of
science education, while a limited number were found in the field
of mathematics education. Despite Turkey’s 30 publication areas
and significant contributions, international collaboration was
observed to be quite limited. Furthermore, it was determined that
common theoretical references between relationships were weak,
and a holistic structure in the literature was not formed. Among
the most cited studies are those by Keogh and Naylor (1999), Chin
(2009), and Cavagnetto (2010). This distribution of concept
cartoons reveals the strategic evolution of scientific literacy and
its contribution to its distribution. This scientific study
demonstrates the pedagogical potential of concept cartoons,
highlighting the development of interdisciplinary approaches to
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mathematics education and the continued development of
international collaboration.

1. Introduction

During the education and training processes, new information is constantly discovered in line
with individuals' desire to access information, paving the way for the emergence and
definition of new concepts. Indeed, an individual's sense of curiosity and motivation to learn
trigger the search for information, and in this process, the formation of conceptual structures
accelerates (Loewenstein, 1994). Concepts, one of the fundamental building blocks of learning,
are of great importance for an individual's mental development, knowledge construction, and
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meaning-making processes (Demirkan, 2024). Teaching concepts accurately and effectively is
important not only for individual learning, but also for the development of higher-order
thinking skills, the construction of scientific thought, and the elimination of conceptual
misunderstandings (Cetiner, 2022; Erdag, 2011; Kaplan et al., 2014).

Concept teaching is a multidimensional process that examines how learning occurs, how it is
structured in the mind, and the extent to which learned concepts are acquired correctly (Ulgen,
2004). While this process is considered as learning through observable reactions and repetition
in the behaviorist approach; According to the cognitive approach, the construction of mental
schemas is defined as the integration and structuring of new information with prior
knowledge (Alkan, 2010; Tokcan, 2015). Concept teaching has a spiral structure that progresses
from the concrete to the abstract (Sarpkaya-Aktas & Cinkilig, 2015) and includes cognitive
steps such as attention, recognition, classification, and generalization (Diindar, 2007; Ergiin &
Ozsiier, 2006; Kogker, 2024; Senemoglu, 2004).

In this process, conceptual learning, a natural outcome of concept teaching, is defined as the
process by which students not only recognize concepts but also structure these concepts
meaningfully, use them in different contexts, and integrate them with their mental schemas
(Anderson & Krathwohl, 2001; Ergiin & Ozstier, 2006; Kaplan et al., 2014; Novak, 1990).
Conceptual learning enables students to make knowledge permanent and transferable by
establishing relationships between concepts, rather than simply memorizing it. In this context,
concept teaching becomes not only a process of transferring knowledge but also a dynamic
learning process that encompasses how concepts are interpreted in the student's mind, which
mental models they are associated with, and how these structures change over time (Cetiner,
2022). Supporting conceptual learning, particularly within the framework of a meaningful
learning approach, plays a critical role in preventing misconceptions and developing higher-
order thinking skills (Ausubel, 1968; Novak & Cafias, 2006). However, especially in fields like
mathematics, where abstract concepts are prevalent, the nature of concepts can pose various
challenges for students during the teaching process (Cetiner, 2022; Giil, 2023; Karaduman &
Ceviz, 2018; Smith, 2019; Sengiil & Dereli, 2013; Ugurel & Morali, 2006). In this context, the use
of effective, innovative, and student-centered methods and techniques in conceptual teaching
becomes essential (Erdogan & Ozsevgeg, 2012).

Accordingly, the Turkish Century Education Model Mathematics Curriculum (MEB, 2024)
aims not only to enable students to acquire knowledge but also to actively participate in the
learning process, identify misconceptions, and gain intellectual awareness to address these
misconceptions. The complementary assessment tools included in the program determine
students' knowledge levels, deficiencies, and conceptual misunderstandings. Accordingly,
various studies have indicated that meaningful learning can be supported through methods
such as self-assessment, peer assessment, worksheets, and learning journals (Giines et al., 2025;
Ince, 2023). This process aims to enable students to analyze visual and spatial relationships
through the structures they create and to gain awareness of their own learning processes
(Atasoy & Eryilmaz Toksoy, 2015; Kuzu et al., 2025; Pericleous, 2022).

In this context, identifying and correcting misconceptions is of critical importance for the
quality of learning (Asik, 2017; Goksu, 2014; Sancar, 2019). Especially in the teaching of abstract
concepts, students need to access concepts not only through memorization but also through
cognitive processes such as comparison, questioning, and discussion (Ersoy & Tiirkkan, 2010;
Kaplan et al., 2014). At this point, tools such as concept cartoons, which allow students to
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discover and correct their misconceptions, come to the fore (Arikurt, 2014; Asik, 2017; Budak,
2019; Sengiil & Dereli, 2013; Ugurel & Morali, 2006; Yin Yin et al., 2016; Yiirekli, 2020).

Concept cartoons are effective teaching tools that allow students to recognize their
misconceptions and obtain accurate information by comparing alternative ideas (Bektik, 2025;
Budak, 2019; ince, 2023; Karaduman & Ceviz, 2018; Budak & Sengiil, 2021; Sengiil & Uner,
2010). Developed by Keogh and Naylor (1999), concept cartoons are visual materials first used
in the field of science in the context of daily life. While some ideas in these cartoons reflect
scientific truths, others represent common misconceptions among students. This allows
students to express their own thoughts through the characters” discourses and discuss their
ideas without fear of making mistakes (Tiirkoguz & Cin, 2013; Naylor & Keogh, 2013;
Pericleous, 2022). The inquiry environment created in this process facilitates meaningful
learning (Demir, 2008; Kabapinar, 2005).

Concept cartoons capture students’ attention through visual-visual stimuli; they direct
students to think, question, and defend scientific truths through the contradictory expressions
of different characters (Atasoy et al., 2020; Chin & Teou, 2009; Erdag, 2011). Research shows
that these materials are effective in increasing students” academic achievement, identifying
and correcting misconceptions, developing their self-confidence, and ensuring the
permanence of learning (Balim et al., 2008; Bayhan, 2023; Budak & Sengiil, 2021; Cetinkaya,
2019; Demir, 2021; Erdag, 2011; Kosker, 2024; Sengiil & Dereli, 2013; Ugurel et al., 2013).
Furthermore, Kabapmar (2009) concluded in his study that concept cartoons are more effective
when they consist of named characters and are prepared in the form of worksheets.

In mathematics education, it is not enough for students to possess procedural knowledge
alone; for permanent and meaningful learning, students need to establish connections between
concepts and operations (Van de Walle, 1989; Hiebert & Carpenter, 1992; Baki, 1998). The
Turkish Century Education Model Mathematics Curriculum states that students are expected
to "...effectively use the mathematical field skills of mathematical reasoning, mathematical
problem solving, mathematical representation, working with data and data-based decision
making, and working with mathematical tools and technology; and to reflect conceptual,
social-emotional learning, and literacy skills, along with mathematics field skills, in a holistic
manner, both in the process and outcomes of mathematics learning..." (MEB, 2024). However,
in traditional teaching methods, students often experience superficial learning and achieve
temporary success with memorized knowledge. This negatively affects attitudes toward
learning and leads to the emergence of misconceptions (Bektik, 2025; Sengiil & Dereli, 2013;
Oklun & Toluk, 2005).

In this context, concept cartoons stand out as an effective alternative, especially in teaching
abstract concepts such as mathematics and science education. In studies conducted in Turkey,
Sengiil (2011) found that concept cartoons positively affected 7th-grade students' perceptions
of their self-efficacy levels toward mathematics; Yilmaz (2018) stated that instruction with the
5E model supported by concept cartoons, Giil (2023) stated that teaching with concept
cartoons-supported STEM activities affected the mathematics achievement and attitudes of
middle school students, and Budak and Sengiil (2021) stated that scripted concept cartoons
positively affected the dimensional estimation skills of 5th and 6th grade students. Baynazoglu
(2019) reported that 6th-grade students produced higher-quality arguments over time in the
geometry sub-learning area of mathematics courses using argumentation-based concept
cartoons, and Budak (2019) stated that scripted concept cartoons positively affected 5th- and
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6th-grade students' dimensional estimation skills. Sancar (2019) and Karaca (2019) reported
that concept cartoons used in teaching the subject of polygons attracted students’” attention
and increased their achievement. Kili¢ (2020) used concept cartoons to evaluate 8th-grade
students’ learning of transformation geometry according to the SOLO taxonomy. Kaplan et al.
(2014) found that concept cartoons had a positive effect on 8th-grade students” understanding
of square roots, Yiirekli (2020) on 7th-grade students’ understanding of integers, Ince (2023)
on 7th-grade students” understanding of patterns, and Bektik (2025) on 8th-grade students’
understanding of exponentials. In a content analysis conducted by Yildiz (2023), it was
determined that 28 articles published in Turkey since 2006 mostly focused on the areas of
"numbers and operations" and "geometry and measurement" and generally offered positive
learning outcomes.

In the international literature, studies conducted in the field of science —such as conceptual
learning, revealing and eliminating misconceptions, and the effects of concept cartoons
supported by web-based and various applications on science achievement—are noteworthy
(Atchia & Gunowa, 2025; Budak & Sengiil, 2021; Kruit et al., 2025; Minarechova, 2016). Studies
in the field of mathematics show that concept cartoons are used to assess pre-service teachers'
subject-based knowledge (e.g., rational numbers, problems, fractions) and pedagogical
content knowledge (Depaepe et al., 2018; Samkova & Ticha, 2017; Samkova, 2018). In Felix and
Roberts' (2024) study, by using online-designed concept cartoons in a 7th-grade mathematics
course, students were encouraged to engage in exploratory conversations, and positive
improvements were observed in their problem-solving approaches and conceptual
understanding during this process. Pericleous (2022) used concept cartoons to improve the
understanding of number lines in second-grade primary school students.

The literature demonstrates that concept cartoons are particularly effective in the context of
inquiry-based learning, conceptual change, peer interaction and communication skills, and
critical and creative thinking (Aygiin et al., 2020; Chin & Teou, 2009; Felix & Roberts, 2024;
Keogh & Naylor, 1999; Yin Yin et al., 2016).

In recent years, analyzing research in education has become crucial for understanding research
trends, collaboration networks, and scientific production. In this context, bibliometric analysis
is a powerful method that enables the systematic examination of academic publications in a
given field by year, author, country, citation count, and keyword (Donthu et al., 2021). This
method allows the identification of the development of a field, research gaps, and priorities
that will guide future studies (Verma et al., 2020).

The purpose of this study is to examine academic publications focusing on concept cartoons
in education, located in the Web of Science (WoS) database, using bibliometric analysis to
determine their place in mathematics education. It analyzes variables such as the distribution
of relevant publications by year, the most published authors, the most frequently used
keywords, subject areas, citation counts, and international collaborations. This provides an
overview of academic studies in the field of concept cartoons and offers guidance for future
research in this area.

2. Method
2.1. Design
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This research is a descriptive study that aims to systematically examine academic publications
on concept cartoons in the field of education. The study employs bibliometric analysis, a
method used to evaluate academic publications related to a specific topic or field through
numerical data. This approach allows for the examination of publication trends, collaboration
networks, citation analyses, and keyword relationships (Ding, 2011; Donthu et al., 2021).

2.2. Sample

In this study, criterion sampling, one of the purposive sampling methods, was used to
determine the academic publications to be examined. Criterion sampling is a sampling
strategy that enables the deliberate selection of information sources based on specific
predetermined criteria (Patton, 2018).

Accordingly, the following criteria were used for the inclusion of publications in the study:
o Being indexed in the Web of Science (WoS) database,
o Containing at least one of the keywords “concept cartoon” or “concept cartoons,”
e Inclusion of these keywords in the title, abstract, or keyword fields.

Based on these criteria, a search of the Web of Science (WoS) database was conducted on
August 1, 2025, using the terms “concept cartoon” or “concept cartoons.” This search yielded
a total of 96 publications, which constitute the sample of the study. The flowchart detailing the
data selection process is presented in Figure 1.

When re-searched
using "concept
cartoon" OR
"concept
cartoons':

n=96

Data retrieved
using the keyword

"concept cartoon:
n=>568

When the
document type
"article" was
selected: n = 64

When the
publication
languages English

and Turkish were
selected:

n=62

When the subject
areas "Education’
and

"Neuroscience"
were selected:

n=>58

Figure 1. Data selection flow diagram (WoS, August 2025)

When the WoS database was filtered specifically for articles on concept cartoons, a total of 58
publications were found between 1999 and 2025. The distribution of these publications by year
is shown in Figure 2.
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Figure 2. Number of publications by year (WoS, August 2025)

2.3. Measures
2.3.1. The Web of Science (WoS)

The Web of Science (WoS) database was used as the data collection tool in this study.
Established in the early 1960s for citation tracking, WoS is a comprehensive database that
contains multidisciplinary, internationally peer-reviewed publications and is currently
managed by Clarivate Analytics. As a respected reference source in its field, WoS facilitates
citation analysis and the measurement of academic impact for scientific publications (Falagas
et al., 2008).

This database is frequently used for literature reviews and bibliometric analyses across a wide
range of disciplines, from the social sciences to the physical sciences. The bibliographic data—
such as authors, titles, keywords, abstracts, citation counts, and journals—obtained through
searches based on the keywords identified for this study constituted the primary data source
for the analysis. The extracted data were exported in .txt format and analyzed using
VOSviewer software (Version 1.6.20).

2.4. Procedure

As part of the bibliometric analysis, academic publications accessed through the Web of
Science (WoS) database were systematically examined based on predefined criteria. Filtering
was carried out according to the inclusion and exclusion criteria. Data from the selected
publications were analyzed using VOSviewer software (Version 1.6.20), and the findings were
visualized and interpreted through bibliometric maps.

2.5. Data Analysis

In this study, 58 academic publications obtained from the Web of Science (WoS) database were
analyzed through bibliometric methods using VOSviewer software (Version 1.6.20). Prior to
the analysis, the data were cleaned, and author names and keywords were merged and
standardized.
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Basic bibliometric features—such as publication year, authors, keywords, journals, citation
counts, and references —were evaluated. Relationships among these features were analyzed
and visualized with VOSviewer, revealing clusters, collaboration networks, and thematic
densities. These methods contribute to understanding the interactions among studies and the
dynamics of the field’s development (Van Eck & Waltman, 2013).

As a result, trends in the use of concept cartoons in education, prominent themes, and
influential publications were identified, and the overall structure of the field was mapped.

2.6. Ethical Declaration

This study was conducted solely through a bibliometric analysis of previously published
academic articles indexed in the Web of Science (WoS) database. No data were collected
directly from human participants, and only publicly available literature was utilized.
Therefore, this research does not involve human subjects and does not require ethics
committee approval.

3. Results

In this section of the study, the findings from the analysis of studies addressing concept
cartoons found in the Web of Science (WoS) database, using the VOSviewer software, are
presented separately.

Keywords

When the WoS data was filtered for the purposes of this study, it was expected that the most
frequently used keyword among the studies published between 1999 and 2025 would be
"concept cartoons." The 176 keywords initially identified were subjected to a data-cleaning
process in which expressions with similar meanings were merged, resulting in a total of 159
distinct keywords.

For example, expressions representing the same school level, such as “middle school 7th grade
students” and "7th grade students,” were combined under a single keyword.

When the analysis was limited to keywords used three or more times, 14 keywords remained.
A density visualization based on keyword frequency was generated using VOSviewer and is
presented in Figure 3. In the visual, brighter colors indicate higher word density.
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concept cartoons

Figure 3. Keyword density visualization (WoS, August 2025)

These 14 keywords were grouped into three separate clusters. The keywords with the highest
link strength within these clusters were as follows:

o Concept cartoons (f = 33; link strength = 20)
e Misconceptions (f = 10; link strength = 8)
¢ Conceptual change texts (f = 4; link strength = 4)

A network visualization showing the distribution of keywords by publication year is
presented in Figure 4.

prargssheel

are-serAdne cledie by fachar

B R e

Figure 4. Keyword network visualization (WoS, August 2025)
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Upon examining Figure 4, it becomes evident that the keywords “conceptual change” and
“socioscientific issues” have gained prominence in publications appearing after 2023. This
suggests that concept cartoons are not only used to identify misconceptions but also have the
potential to foster deeper and more enduring scientific understanding by encouraging
students to question their existing knowledge. Interest in research exploring this direction
appears to be increasing (Atchia & Gunowa, 2025; Kruit et al., 2025).

Moreover, recent studies indicate that concept cartoons are used not only in science instruction
but also in contexts involving ethical, social, and environmental aspects of science. This trend
may reflect a growing interest in fostering higher-order skills such as critical thinking,
decision-making, and scientific literacy through instructional materials.

References

A citation analysis was conducted using VOSviewer to examine the citation frequency of
sources in the literature. A total of 33 sources were identified. Selection criteria included
receiving at least 25 citations, resulting in the identification of eight prominent sources. The
five most frequently cited sources are presented in Table 1.

Table 1. Most cited sources (WoS, August 2025)

Rank Sources Number of citations
1 Review of Educational Research 237
2 International Journal of Science Education 223
3 Research in Science Education 79
4 Educational Research 44
5 Egitim ve Bilim-Education and Science 34
Authors

A total of 126 unique author names were extracted from the 58 publications analyzed using
VOSviewer. During the data-cleaning process, different spellings of the same author were
standardized and merged under a single name.

For instance, “arikurt, elif” and “arikurt, e.” were combined under the unified entry “arikurt, e.”
Following this process, the number of unique author names used in the analysis was reduced
to 118.

When the dataset was filtered to include only authors with two or more publications, 21
authors remained in the final analysis. The number of publications (documents), citation count
(citations), and total link strength values for the top five most productive authors are presented
in Table 2.
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Table 2. Most published authors (WoS, August 2025)

Rank Author Number of Number of Total link
publications citations strength

1 Samkova, L. 4 23 8

2 Atasoy, S. 3 17 31

3 Bredeweg, B. 3 14 12

4 Kruit, P. M. 3 14 12

5 Durukan, U. G. 3 8 8

These 21 authors were grouped into four clusters. The authors with the highest total link
strength within these clusters were:

e Keogh, B. (link strength = 45)
¢ Chin, C. (link strength = 28)
e Taslidere, E. (link strength = 15)
e Atasoy, $. (link strength = 31)
The top five most cited studies are presented in Table 3.

Table 3. Most cited study (WoS, August 2025)

Rank Author Title of Study Number of
Citations
1 Cavagnetto, 2010 Argument to foster scientific literacy: A review of 237

argument interventions in k—12 science contexts

2 Keogh & Naylor, Concept cartoons, teaching and learning in 156
1999 science: An evaluation
3 Naylor, Keogh & Argumentation and primary science 79
Downing, 2007
4 Kinchin, 2004 Investigating students' beliefs about their 44

preferred role as learners

5 Chin & Teou, 2009 Using concept cartoons in formative assessment: 37
Scaffolding students' argumentation

The most frequently cited studies in the analysis reveal that concept cartoons are powerful
instructional tools that support not only conceptual teaching but also students” skills in
argumentation, critical thinking, and scientific literacy. Keogh and Naylor (1999) and Chin and
Teou (2009) emphasize that concept cartoons help students express their thoughts and provide
opportunities for discussion-based learning environments. Cavagnetto (2010) evaluated
concept cartoons as tools that promote scientific argumentation at the K-12 level. These
findings demonstrate that concept cartoons serve multidimensional pedagogical functions
aligned with contemporary educational approaches, particularly in science education.
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Countries

An examination of country-level collaboration using VOSviewer software shows that, among
18 countries, 8 met the threshold of having at least two publications. A network visualization
of country-level publication collaboration is presented in Figure 5, where colors indicate
clusters and node sizes represent the number of publications.

ettt cecn RpLEE

turkey

genmany e
M wOBviswer .
o amz 2114 e 2618 a0

Figure 5. Network map of countries’ publication collaboration (WoS, August 2025)

As seen in Figure 5, 8 countries have published on concept cartoons in the field of education;
however, no co-authorship links were found among them (link strength = 0). Turkey is the
most prolific country, with 30 publications, followed by the United Kingdom (n = 5) and the
Czech Republic (n = 4). These results indicate that research in this area is largely conducted at
a national level, with limited international collaboration.

Furthermore, a significant portion of the literature originates from Turkey. The fact that most
of these studies were published after 2017 suggests that academic interest in concept cartoons
has increased substantially in Turkey during this period.

Bibliographic Coupling

Based on bibliographic coupling analysis conducted using VOSviewer, 19 sources with 10 or
more citations were identified among the 58 sources, which were grouped into four clusters.
A network visualization of these sources is presented in Figure 6.
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Figure 6. Bibliographic coupling network visualization of sources (WoS, August 2025)

Examination of Figure 6 reveals a total of 106 links and a total link strength of 213 among the
publications, suggesting a moderate level of shared referencing. However, the relatively low
number of connections implies that studies on concept cartoons are grounded in diverse
theoretical frameworks and that a well-established common literature base has yet to emerge.
As a result, many connection lines are absent from the network visualization.

Notably, the three studies with the highest link strengths in the bibliographic coupling analysis
were Kabapmar (2009), Chin (2009), and Cavagnetto (2010). Kabapmar (2009), with a link
strength of 59, is widely cited due to its focus on the role of concept cartoons in conceptual
change and constructivist learning. Chin (2009), with a link strength of 47, contributed
significantly through its insights into the use of concept cartoons in formative assessment.
Cavagnetto (2010), which emphasizes scientific literacy and argumentation, has a link strength
of 40.

These findings indicate that the literature on concept cartoons is primarily structured around
themes such as conceptual learning, assessment, and scientific argumentation, which together
form the most commonly shared theoretical foundation among the studies analyzed.

Co-citation

A co-citation analysis conducted via VOSviewer identified 2,480 references cited by the 58
studies in the dataset. When filtered to include only sources cited at least ten times, nine
sources remained and were grouped into two clusters. A total of 35 connections and a
combined link strength of 181 were found among these sources. The co-citation network is
visualized in Figure 7.
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Figure 7. Co-citation network visualization (WoS, August 2025)

Figure 7 shows that while only a small number of sources related to concept cartoons in
education stand out, they are co-cited to a moderate extent across studies. The relatively weak
links between these sources suggest that although they are frequently referenced, they are
often used in different research contexts and methodological frameworks.

Furthermore, Keogh’s works from 1998, 1999, and 2000 were among the sources with the
highest link strength in the co-citation analysis, indicating that Keogh is regarded as a
foundational reference in the field of concept cartoons. However, the absence of link lines in
the network visualization suggests that these works are predominantly cited individually
rather than together in the same studies.

4. Discussion, Conclusion and Suggestions

The findings of this study demonstrate that concept cartoons go beyond merely identifying
misconceptions in education; they also play an effective role in supporting deep learning
processes. The keywords "conceptual change" and "socioscientific issues," which have gained
particular prominence in publications since 2023, suggest that concept cartoons have the
potential to transform students’ existing knowledge structures and are increasingly being
adopted as a teaching strategy that promotes critical thinking and scientific literacy (Atchia &
Gunowa, 2025; Kruit et al., 2025). This trend is similarly highlighted in Amuriddin et al.'s
(2025) bibliometric analysis focusing on conceptual change. Covering the years 2004-2024, the
study notes that the theme of "conceptual understanding" has become increasingly prominent
in recent years. This development aligns with the growing emphasis on deep learning,
problem-solving, and student-centered teaching approaches. Furthermore, the study draws
attention to the rise of human-centered approaches in the thematic evolution of education.

Although this bibliometric analysis aimed to examine the use of concept cartoons in
mathematics education, it is noteworthy that the findings were predominantly related to the
field of science. This suggests that concept cartoons are used more widely and in greater depth
in science (Atchia & Gunowa, 2024; Kaya & Demir, 2024). Studies included in the analysis
found that concept cartoons are often used to assess teachers’ or teacher candidates’” content
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knowledge in mathematics education (Depaepe et al., 2018; Samkova & Tich4, 2017; Samkova,
2018). A similar study conducted in Turkey examined preservice elementary school science
and mathematics teachers’ first impressions of concept cartoons displayed in school corridors
and their impact on informal physics learning (Atasoy et al., 2020). While the study observed
that preservice teachers developed positive impressions of concept cartoons, it was
recommended that candidates be encouraged to produce their own cartoons on topics they
find challenging. Gokmen (2020) found that preservice science teachers lacked sufficient
knowledge in developing and evaluating science-mathematics integration activities designed
with concept cartoons. Demir (2008) also employed concept cartoons to identify preservice
science teachers’ misconceptions.

These findings demonstrate that concept cartoons can be an effective tool not only in classroom
teaching but also in informal learning environments. Encouraging preservice teachers—
especially those who will become educators upon entering the profession—to create their own
concept cartoons on challenging topics is an important step for both in-depth conceptual
learning and the development of their subject matter and pedagogical knowledge. It is
believed that such studies contribute to preservice teachers’ construction of their
understanding and enhance their ability to design effective teaching materials for their future
students.

Considering these studies, it appears that the use of concept cartoons in mathematics
education may not yet be as widespread as in science, or it may be more limitedly reported in
the literature compared to science. Sarpkaya-Aktas and Cinkili¢ (2025), in their literature
review on resolving misconceptions in mathematics education, concluded that alternative
methods such as concept cartoons are effective. In this context, the rich applications of concept
cartoons in science provide important examples that can be adapted to mathematics education.
The multifaceted functions of concept cartoons in science—such as supporting conceptual
change by correcting misconceptions (Atchia & Gunowa, 2025) and discussing socioscientific
issues (e.g., genetics, nuclear energy, genetically modified organisms, alternative medical
treatments, mass vaccination, global warming, experimental animals, road salting, organic
farming, X-rays, landfills, space pollution) (Atasoy et al., 2022; Kruit et al., 2025) —can inspire
the development of approaches to support conceptual learning in mathematics education. This
suggests that the potential of concept cartoons in mathematics education has yet to be fully
explored through interdisciplinary studies, and new pedagogical models can be developed
through original research in this area.

In line with the analysis results, it appears that concept cartoons are mostly used in science
education in Turkey and are frequently preferred, particularly in experimental studies
conducted at the primary and secondary school levels (Arikurt, 2014; Bayhan, 2023; Cetinkaya,
2019; Demir, 2021; Demirkan, 2024; Erdogan & Ozsevgeg, 2012; Giuircan, 2021; Oluk & Ozalp,
2007). Similarly, there are studies addressing the elimination of subject-based misconceptions
in mathematics education (Asik, 2017; Bektik, 2025; Ince, 2023; Kaplan et al., 2014; Yiirekli,
2020), development of proportional reasoning skills (Cetiner, 2022), positive contributions to
mathematics achievement (Erdag, 2011; Giil, 2023; Karaduman & Ceviz, 2018; Kosker, 2024;
Sancar, 2019; Sahin, 2018; Yilmaz, 2018), and improvements in problem-solving skills (Goksu,
2014). However, despite this considerable academic output, the absence of joint international
publications reveals that international cooperation in Turkey’s studies remains limited. This
indicates a lack of comparative studies on how concept cartoons are implemented across
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different education systems and highlights the need to increase research based on
international collaboration in this field in the future.

This study found that publications in the field of concept cartoons are largely Turkey-centric
and that cross-national collaboration remains limited. Turkey is the most productive country
with 30 publications; however, no international co-authorships were identified. Similarly, in a
bibliometric study on conceptual change, Turkey ranks first with 36 articles (Amuriddin et al.,
2025). These findings highlight Turkey’s strong academic engagement in science education,
particularly in areas such as conceptual change and concept learning.

The fact that the studies with the highest link strength in the analysis were those of Kabapinar
(2009), Chin (2009), and Cavagnetto (2010) indicates that research on concept cartoons is
largely grounded in literature concerning conceptual change, evaluation, and scientific
literacy. Similar studies conducted in Turkey, although limited in number within the field of
mathematics education, demonstrate the potential of concept cartoons in fostering conceptual
change. For example, studies utilizing concept cartoons include: Kili¢ (2020), who assessed the
learning status of 8th-grade students based on the SOLO taxonomy; Aygiin et al. (2020), who
examined 5th-grade students’ use of mathematical concepts; Baynazoglu (2019), who
facilitated 6th-grade students in producing more meaningful arguments; Budak (2019), who
enhanced quantificational estimation skills in 5th- and 6th-grade students; and Dereli (2008),
who concluded that concept cartoons positively influenced 7th-grade students” mathematical
achievement, attitudes toward mathematics, and knowledge retention concerning integers.
Conversely, Yagic’'s (2019) study on 3rd-grade students’ attitudes and anxieties toward
mathematics and Giiler et al’s (2013) investigation of 6th-grade students’ academic
achievement and attitudes in learning numbers found no significant effect of concept cartoons,
diverging from the other studies’ results.

In the co-citation analysis, lowering the citation threshold to ten resulted in the inclusion of
nine sources; however, no direct connection lines were established among them. This suggests
that studies on concept cartoons tend to cite the same sources infrequently in conjunction.
While certain sources are repeatedly cited across the literature, their lack of co-citation
indicates the absence of a common theoretical framework or cohesive theoretical integrity in
the field. This finding implies that research on concept cartoons is conducted on largely
independent bases across various countries, disciplines, and educational levels, underscoring
the need for more integrative and unifying studies in the domain.

Among the publications with the highest link strength in the co-citation analysis, three studies
by Keogh from 1998, 1999, and 2000 are particularly notable. These works represent a coherent
research strand that spans from establishing the theoretical foundations of concept cartoons to
their practical application in classrooms. The 1998 study first defined concept cartoons within
a constructivist learning framework; the 1999 article evaluated the method’s impact on
teaching processes and its role in facilitating conceptual change; and the 2000 short report
reinforced previous findings by examining the method’s classroom validity through teacher
practice. These complementary studies have been cited for different aspects in the literature,
solidifying Keogh's status as a pioneer in the field. However, the fact that these studies tend
to be cited independently rather than collectively has led to weak network connections in the
co-citation analysis. This suggests that researchers address Keogh’s contributions from diverse
perspectives but do not often cite them together within the same studies.
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This study has certain limitations. Since the analysis relies exclusively on the Web of Science
database, important studies indexed elsewhere may have been omitted. Additionally, only
journal articles were considered; books, theses, and conference papers were excluded from the
analysis. The technical constraints and features of the VOSviewer software also influenced the
scope and outcomes of the bibliometric analysis. Despite these limitations, the study provides
a valuable overview of publication trends and thematic developments regarding the use of
concept cartoons in education.

All these findings demonstrate the potential of concept cartoons to enhance conceptual
learning in mathematics education. However, a systematic and widespread approach,
comparable to that seen in science education, has not yet emerged. This underscores the need
for well-developed, theory-driven research specifically focused on mathematics education.
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egitiminde kullanimini ortaya koymaktir. Kavram karikatiirleri,
0grencilerin kavramsal yanilgilarini ortaya ¢ikarmak ve anlaml
O0grenmeyi desteklemek amaciyla kullanilan etkili 6gretim

araglarindan biridir. Arastirma kapsaminda, Web of Science Anahtar Kelimeler: Bibliyometrik analiz,

3 ‘“ ” a“" r”
(WoS) veri tabaninda “concept cartoon” ve “concept cartoons kavram karikatiirleri, matematik egitimi

anahtar kelimeleriyle yapilan taramada, 1999-2025 vyillar1
arasinda yayimlanmis 58 akademik yayimn analiz edilmistir.
Veriler VOSviewer yazilimi kullanilarak anahtar kelime, yazar,
atif, bibliyografik eslesme ve ortak atif analizleriyle
degerlendirilmistir. ~ Analiz  sonuglarina  gore, kavram
karikattirlerine yonelik ¢alismalarin biiyiik ¢ogunlugunun fen
egitimi alaninda yogunlastigi, buna karsin matematik egitimi
alaninda smirli sayida galismanin bulundugu belirlenmistir.
Tiirkiye, 30 yayinla alana en fazla katki saglamasmna ragmen
uluslararasi is birliginin oldukga smnirli oldugu gozlemlenmistir.
Ayrica, ¢alismalar arasinda ortak kuramsal referanslarin zayif
oldugu ve literatiirde biitlinciil bir yapr olusmadigi tespit
edilmistir. En ¢ok atif alan ¢aligmalar arasinda Keogh ve Naylor
(1999), Chin (2009) ve Cavagnetto (2010) yer almaktadir. Bu
calismalar kavram karikatiirlerinin kavramsal degisim, bilimsel
okuryazarlik ve degerlendirme siireglerine katki sagladigini
ortaya koymaktadir. Bu bulgular, kavram karikatiirlerinin
pedagojik potansiyelini ortaya koyarken; matematik egitimi
baglaminda disiplinleraras1 yaklagimlarin gelistirilmesi ve
uluslararasi is birliginin artirilmasi gerektigini gostermektedir.

1. Giris

Egitim-0gretim siireclerinde bireylerin bilgiye ulasma arzusu, siirekli yeni bilgilerin kesfine
ve beraberinde yeni kavramlarin ortaya ¢ikisina neden olmaktadir. Bireyin 0grenme
motivasyonu ve merak duygusu, bu siirecin temel itici giligleri olarak bilgi arayisim
tetiklemekte, kavramsal yapilarin gelisimini hizlandirmaktadir (Loewenstein, 1994).
Ogrenmenin temel yap1 taglarindan biri olan kavramlar, bireyin zihinsel gelisiminde, bilgiyi
yapilandirma ve anlamlandirma siireglerinde kritik bir rol oynamaktadir (Demirkan, 2024).
Kavramlarin dogru ve etkili bigimde 6gretimi, yalnizca bireysel 6grenme degil; ayn1 zamanda
iist diizey diisiinme becerilerinin gelisimi, bilimsel diisiincenin insasi ve kavramsal yanlis
anlamalarin giderilmesi agisindan da biiyiik 6nem tasimaktadir (Cetiner, 2022; Erdag, 2011;
Kaplan vd., 2014).

Ozellikle kavram dgretimi, §grenmenin nasil gerceklestigini ve zihinde nasil yapilandigini ele
alan cok boyutlu bir siiregtir (Ulgen, 2004). Bu siireg, davranisgi yaklasimlarda tekrara dayali
ve gozlenebilir tepkilerle agiklanirken; bilissel yaklasimlarda ise bireyin 6n bilgilerinin yeni
bilgilerle biitiinlestirilmesiyle agiklanmaktadir (Alkan, 2010; Tokcan, 2015). Kavram 6gretimi
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slireci, somuttan soyuta ilerleyen sarmal bir yap1 arz ederken; dikkat, siniflama, genelleme
gibi bilissel adimlar1 igermektedir (Diindar, 2007; Kosker, 2024; Senemoglu, 2004).

Bu noktada kavramsal 6grenme, yalnizca kavramlarin taninmas: degil; bu kavramlarin
anlamli bigimde yapilandirilmasi, farkli baglamlarda kullanilmas: ve zihinsel semalarla
biitiinlestirilmesi siireci olarak tanimlanabilir (Anderson & Krathwohl, 2001; Novak, 1990).
Kavramsal 6grenme, ezbere dayal1 bilgiden uzak, kavramlar arasi iliskileri kurmaya dayal,
kalic1 ve transfer edilebilir bilgi diizeyine ulasmay1 hedefler. Ozellikle Ausubel’in (1968)
anlamli 6grenme yaklasimi cercevesinde kavramsal ogrenmenin desteklenmesi, kavram
yanilgilarinin ortadan kaldirilmasi ve {iist diizey diisiinme becerilerinin gelistirilmesi
agisindan kritik onemdedir.

Ancak 0zellikle matematik gibi soyut kavramlarin yogun oldugu disiplinlerde, kavramlarin
dogasi geregi 6grenciler kavramlari tam ve dogru sekilde anlamakta zorluk yasayabilmektedir
(Cetiner, 2022; Giil, 2023; Smith, 2019). Bu nedenle geleneksel yontemlerin 6tesinde, 6grenci
merkezli, sorgulama temelli ve gorsel destekli 6gretim araglarina ihtiya¢ duyulmaktadir
(Erdogan & Ozsevgeg, 2012).

2. Yontem

Bu arastirma, nitel arastirma desenlerinden biri olan bibliyometrik analiz yontemiyle
gerceklestirilmistir. Calismanin veri seti, Web of Science (WoS) veri tabaninda yer alan ve
1999-2025 yillar1 arasinda yayimlanan 58 makaleden olusmaktadir. Veri toplama siirecinde,
“concept cartoons” anahtar kelimesi kullanilarak WoS icinde ilgili yayinlara ulagilmus;
yalnizca makale tiiriindeki yayinlar dahil edilmistir. Elde edilen veriler, bibliyometrik
analizlerde yaygimn bicimde kullanilan VOSviewer yazilimi ile analiz edilmistir. Analizlerde
anahtar kelime dagilimi, yazar is birligi, atif iliskileri, {ilkeler aras1 is birlikleri, ortak atif ve
bibliyografik eslesme gibi olgtitler kullanilmistir. Ayrica veri temizligi siirecinde es anlamli ya
da benzer ifadeler birlestirilmis ve analizlerde bu standardizasyon esas alinmaistir.

3. Bulgular

Calismanin bu boéliimiinde, Wos’ta ulasilan kavram karikatiirlerini ele alan calismalarin
VOSviewer yazilim programinda analizlerine iliskin bulgular ayr1 ayr1 sunulmustur.

Anahtar Kelimeler

Toplam 176 anahtar kelime igerisinden veri temizligi sonras1 159 anahtar kelimeye ulagilmistir.
En sik kullanilan anahtar kelime “concept cartoons” (f=33) olurken, bunu “misconceptions”
(f=10) ve “conceptual change texts” (f=4) izlemistir. Ucten fazla kez gecen anahtar kelimeler
iizerinden yapilan analizde, 14 anahtar kelime ii¢ farkli kiimeye ayrilmistir. Zaman serisi
analizinde, 2023 sonrasi yayinlarda “conceptual change” ve “socioscientific issues”
kavramlarmin one ¢ikmasi, kavram karikatiirlerinin pedagojik islevlerinin cesitlendigini
gostermektedir.

Kaynaklar

Atif analizinde, 33 kaynak igerisinden en az 25 atif alan 8 kaynak 6ne ¢ikmistir. En ¢ok atif alan
bes kaynak, kavram karikatiirlerinin kavramsal degisim, bilimsel okuryazarlik ve
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degerlendirme siireclerine katki sagladigini vurgulamaktadir. Keogh ve Naylor (1999), Chin
ve Teou (2009), ve Cavagnetto (2010) en sik atif alan ¢aligmalardir.

Yazarlar

Toplam 126 farkli yazarin yer aldig1 yaymlarda, veri temizligi sonrast 118 6zgiin yazar
belirlenmistir. Iki ve {izeri yayina sahip 21 yazar analiz edilmistir. En ¢ok yayma sahip ve en
yiiksek baglanti giicline sahip yazarlar arasinda Keogh, B. (baglanti giicii=45), Chin, C.
(baglant1 giici=28), Atasoy, $. (baglanti giicti=31) ve Tashdere, E. (baglanti giicii=15) 6ne
¢ikmaktadir.

Ulkeler

Ulkeler arast is birligi analizinde, en az iki yayma sahip 8 iilkenin oldugu goriilmiistiir.
Tiirkiye 30 yayn ile en iiretken iilke olurken, onu Ingiltere (n=5) ve Cek Cumhuriyeti (n=4)
izlemigtir. Ancak bu iilkeler arasinda ortak yazarhik iligkisi bulunmamaktadir. Tiirkiye
merkezli yayinlarin biiyiik cogunlugu 2017 sonras1 donemde yogunlagmustir.

Bibliyografik Eslesme

58 kaynak arasinda gergeklestirilen bibliyografik eslesme analizinde, 19 kaynak dort ayri
kiimede toplanmistir. Kabapinar (2009), Chin (2009) ve Cavagnetto (2010), en yiiksek baglanti
gliciine sahip ¢alismalardir. Ancak baglanti sayilarin diisiik kalmasi, literatiirde giiglii bir
ortak referans zemininin heniiz olusmadigini gostermektedir.

Ortak Atif Analizi

Ortak atif analizinde 58 calismanin referans verdigi toplam 2480 kaynak tespit edilmistir. Bu
kaynaklarin igerisinden 10’dan fazla atif alma ile sinirlandirildiginda 9 kaynak belirlenmis,
ancak aralarinda giiglii baglanti gizgileri olusmamistir. Bu durum, kavram karikatiirlerine
yonelik ¢alismalarin farkli baglamlarda ve bagimsiz bigimde yiiriitiildiiglinti gostermektedir.
En ¢ok atif alan kaynaklar arasinda Keogh'un 1998, 1999 ve 2000 yillarina ait ii¢ ¢calismasi yer
almaktadir.

4. Tartisma, Sonug ve Oneriler

Bu calismada elde edilen bulgular, kavram karikatiirlerinin egitimde sadece kavram
yanilgilarini belirleme araci olmanin 6tesine gegerek, derinlemesine 6grenme siireglerinde de
etkili bir rol iistlendigini gostermektedir. Ozellikle 2023 sonrasi yayinlarda 6ne gikan
“conceptual change” (kavramsal degisim) ve “socioscientific issues” (sosyobilimsel konular)
anahtar kelimeleri, kavram karikatiirlerinin 6grencilerin mevcut bilgi yapilarinda dontistiim
yaratma potansiyeline ve elestirel diisiinme ile bilimsel okuryazarlig: tesvik eden bir strateji
olarak benimsenmesine isaret etmektedir (Atchia & Gunowa, 2025; Kruit vd., 2025). Bu egilim,
Amuriddin ve ark. (2025) tarafindan yapilan kavramsal degisim odakl bibliyometrik analizle
de paralellik gostermektedir.

Ancak, kavram karikatiirlerinin kullanimi1 incelendiginde, fen bilimlerinde daha yaygin ve
derinlemesine uygulandigi; matematik egitiminde ise daha sinirli ve genellikle 6gretmenlerin
alan bilgisini degerlendirme amaciyla kullanildig1 goriilmektedir (Depaepe vd., 2018;
Samkova & Tichd, 2017). Tirkiye’de yapilan ¢alismalar da bu durumu desteklemekte; fen
egitimi alaninda kavram karikatiirlerinin yaygin oldugu, ogretmen adaylarmnin olumlu
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yaklagimlar gelistirdigi, ancak fen-matematik entegrasyonu gibi disiplinler aras etkinliklerde
bilgi eksikliklerinin oldugu belirtilmektedir (Atasoy vd., 2020; Gokmen, 2020; Demir, 2008).

Kavram karikatiirlerinin informal 6grenme ortamlarinda da etkili bir ara¢ oldugu; 6gretmen
adaylarmin zorlandiklari konularla ilgili kendi karikatiirlerini iiretmelerinin kavramsal
derinligi ve pedagojik alan bilgilerini artiracagi ongoriilmektedir (Budak, 2019; Dereli, 2008).
Buna karsin, matematik egitiminde kavram Kkarikatiirlerinin fen bilimlerindeki kadar
yayginlasmadig1 veya smirh raporlandig: goriilmektedir. Sarpkaya-Aktas ve Cinkilig (2025)
tarafindan yapilan alanyazin taramasinda kavram karikatiirlerinin matematikte kavram
yanilgilarinin giderilmesinde etkili alternatif yontemlerden biri oldugu vurgulanmistir.

Fen bilimlerindeki uygulamalarda kavram karikatiirleri, kavramsal degisim siireglerini
desteklemenin yarmi sira, genetik, niikleer enerji, GDO, kiiresel 1sitnma gibi sosyobilimsel
konularin tartisilmasina da hizmet etmekte; bu ¢ok boyutlu islev, matematik egitimine
uyarlanabilecek ilham verici bir alan sunmaktadir (Atasoy vd., 2022; Kruit vd., 2025). Bu
durum, matematik egitiminde disiplinler arasi calismalarla kavram karikatiirlerinin
potansiyelinin hentiiz tam olarak kesfedilmedigini gostermektedir.

Tiirkiye’de kavram karikatiirlerinin agirlikli olarak fen bilimleri alaninda kullamildigr ve
yogun akademik {iretim olmasma ragmen uluslararasi ortak yayinlarin smirli kaldigy,
dolayisiyla tilkeler arasi karsilastirmali ¢alismalarin ve uluslararas: is birliklerinin yetersiz
oldugu goriilmektedir (Arikurt, 2014; Bayhan, 2023; Demirkan, 2024). Bu eksiklik, farkli egitim
sistemlerinde kavram karikatiirlerinin nasil uygulandigini1 ortaya koyacak karsilastirmal
aragtirmalarin gerekliligine isaret etmektedir.

Ortak atif analizleri, kavram karikatiirleri alaninda arastirmalarin genellikle birbirinden
bagimsiz yapildigini, ortak kuramsal gercevelerden ziyade ayri kaynaklara dayandigim
gostermektedir. Keogh'un (1998, 1999, 2000) calismalari literatiirde oncii olmasina ragmen,
arastirmalarda genellikle ayr1 ayr1 referans verildigi icin ortak atif aglar1 zayiftir. Bu da alanda
kuramsal biitiinliiglin zayif oldugunu ve disiplinler arasi, biitiinlestirici calismalara ihtiyag
oldugunu ortaya koymaktadir.

Bu bibliyometrik analiz ¢alismasi, kavram karikatiirlerinin 6zellikle fen egitimi alaninda
yayginlastigini ve ¢ok yonlii bir 6gretim araci olarak degerlendirildigini ortaya koymustur.
Bununla birlikte matematik egitiminde bu araglarin kullanimimnin heniiz sinirh oldugu, ancak
disiplinleraras1 uyarlamalar yoluyla bu alanda da etkili 6gretim stratejileri gelistirilebilecegi
anlasilmaktadir. Kavram karikatiirleri, kavramsal degisimi destekleme, elestirel diisiinmeyi
tesvik etme ve Ogrencilerin 6grenme siireglerine aktif katilimini1 saglama agisindan biiyiik
potansiyele sahiptir.

Gelecekte yapilacak arastirmalarda, kavram karikatiirlerinin matematik egitimi baglaminda
daha yaygin ve derinlemesine kullanilmasi tesvik edilmelidir. Bu amagcla disiplinleraras:
projeler, 6gretmen egitimi programlarinda uygulamali ¢alismalar ve sosyobilimsel temalarla
biitiinlestirilmis O0gretim etkinlikleri Onerilmektedir. Ayrica uluslararas: is birliklerinin
artirllmasi, kavram karikatiirlerinin farkli kiiltiirel ve pedagojik baglamlarda nasil
kullanildigin1 anlamaya yonelik katki saglayacaktir.

Calismanin smirhiliklari arasinda yalnizca Web of Science veri tabaninin kullanilmasi, kitap
boliimii ve bildirilerin kapsam disinda birakilmasi ve VOSviewer yaziliminin teknik sinirlar
yer almaktadir. Bu smirlamalara ragmen calisma, egitimde kavram karikatiirlerinin ¢ok
boyutlu potansiyelini ortaya koyarak alandaki literatiire 6nemli katkilar sunmaktadar.
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