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ABSTRACT

Persistent misconceptions in force and motion continue to challenge conceptual understanding in primary sci-
ence education, particularly within teacher-centered learning contexts that limit students’ epistemic agency. Al-
though researchers widely use concept cartoons to stimulate discussion, most studies focus on teacher-generated 
materials and rarely explore the pedagogical potential of  student-generated concept cartoons. This study inves-
tigates how student-authored concept cartoons function as multimodal learning tools to promote conceptual 
change among fourth-grade students. This study employed a mixed-methods case study with an embedded quasi-
experimental design in a public primary school in western Türkiye, involving 30 students assigned to an ex-
perimental group and a comparison group receiving conventional learning. Quantitative pre- and post-test data 
were analyzed using inferential statistics and effect size calculations. The study thematically analyzed qualitative 
data from student-generated artifacts, classroom observations, and interviews using a multimodal representation 
framework. The findings revealed a statistically significant improvement in the experimental group’s conceptual 
understanding, with a large effect size (Cohen’s d = 1.89), alongside marked gains in visual representational accu-
racy and dialogic reasoning. These results indicate that learning improvements stemmed not merely from visual 
exposure but from students’ active authorship and negotiation of  scientific representations. The study concludes 
that student-generated concept cartoons serve as effective learning and formative assessment tools, supporting 
student-centered multimodal pedagogy aligned with SDG 4 and current curriculum reform initiatives in Türkiye.
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INTRODUCTION

Improving the quality of  science education 
remains a global priority aligned with Sustainable 
Development Goal 4, which emphasizes inclusi-
ve, equitable, and effective learning outcomes 
(Novitasari et al., 2025; Rosyidah et al., 2025; 
Widiasih et al., 2025). In primary education, 
science learning plays a pivotal role in shaping 
foundational conceptual understanding, scien-
tific reasoning, and epistemic practices essential 

for lifelong learning (Pollmeier et al., 2017; Van 
Eijck et al., 2025; Morais et al., 2026). Despite 
ongoing curriculum reforms and technological 
integration, persistent challenges continue to li-
mit students’ deep conceptual development in 
core scientific domains. Among these domains, 
foundational physics concepts remain particular-
ly problematic in early schooling.

One of  the most consistently reported are-
as of  difficulty concerns students’ understanding 
of  force and motion. These concepts are inherent-
ly abstract and require students to reconcile intui-
tive everyday experiences with formal scientific 
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principles. Research indicates that students fre-
quently struggle to grasp the relationship between 
force and changes in motion, especially when dis-
tinguishing between balanced and unbalanced 
forces (Ecevit & Şimşek, 2017; Resbiantoro & 
Setiani, 2022). Such difficulties reflect not merely 
gaps in knowledge but deeper tensions between 
experiential reasoning and scientific explanation.

Students often equate force directly with 
motion, assume that motion requires a continuo-
us internal force, or misinterpret the direction 
and magnitude of  interacting forces. These mis-
conceptions constitute coherent alternative exp-
lanatory frameworks rather than isolated factual 
errors. Because such frameworks are grounded 
in everyday experience, they tend to be stable 
and resistant to superficial learning correction 
(Resbiantoro & Setiani, 2022). These persistent 
patterns raise critical questions about the effecti-
veness of  prevailing learning approaches in facili-
tating genuine conceptual restructuring.

However, conventional teacher-centered 
learning has demonstrated limited effectiveness 
in transforming these entrenched frameworks. 
Explanation-driven pedagogy and textbook-
oriented exercises frequently emphasize correct 
answers rather than conceptual reorganization 
(Bachri et al., 2023; Dila et al., 2025; Ubaidillah 
et al., 2025). Although students may memorize 
terminology or reproduce definitions, their un-
derlying reasoning structures often remain un-
changed. This misalignment between learning 
practice and conceptual transformation suggests 
the need for approaches that engage students 
more actively in reconstructing their understan-
ding.

Outcome-oriented assessment practices 
further compound the problem. Traditional as-
sessments tend to privilege final responses over 
reasoning processes, thereby obscuring the per-
sistence of  alternative conceptions. Consequent-
ly, misconceptions may remain undetected even 
when students achieve acceptable scores (Jepps-
son et al., 2022; Danielsson et al., 2023). Addres-
sing these intertwined learning and assessment 
limitations demands a theoretically grounded 
framework that explains how conceptual trans-
formation occurs and how teachers can support 
it in classroom contexts.

Conceptual change theory offers such a 
foundation by positing that meaningful learning 
occurs when students encounter cognitive con-
flict, critically evaluate prior beliefs, and reorga-
nize their conceptual structures into more scien-
tifically coherent forms. However, contemporary 
research emphasizes that conceptual change is 

not solely an internal cognitive process. Instead, 
discourse, interaction, and representational acti-
vities actively mediate the construction of  kno-
wledge (Jeppsson et al., 2022; Danielsson et al., 
2023). Opportunities to articulate, confront, and 
negotiate explanations, therefore, become central 
to sustained conceptual transformation.

While conceptual change theory explains 
the restructuring of  prior knowledge, multimodal 
learning theory extends this account by emphasi-
zing how coordinated representational practices 
mediate conceptual restructuring. Multimodal 
learning theory argues that students construct 
scientific meaning by orchestrating multiple se-
miotic resources, including visual, textual, sym-
bolic, and dialogic modes. Representational 
competence, defined as the ability to generate, 
interpret, and refine scientific representations, 
plays a crucial role in developing coherent under-
standing (Jeppsson et al., 2022; Danielsson et al., 
2023). When students actively coordinate these 
modes to externalize and reorganize their thin-
king, conceptual transformation becomes both 
cognitively and socially mediated. Integrating 
conceptual change with multimodal representati-
on, therefore, provides a coherent theoretical pat-
hway for addressing persistent misconceptions in 
primary science.

An learning strategy that operationalizes 
these complementary principles is the use of  con-
cept cartoons. Concept cartoons present alterna-
tive viewpoints through illustrated characters and 
dialogic exchanges, encouraging students to eva-
luate competing explanations  (Keogh & Naylor, 
1999; Evrekli & Balım, 2024). Empirical studies 
indicate that teacher-generated concept cartoons 
can enhance engagement, stimulate argumentati-
on, and improve learning outcomes across scien-
ce contexts (Muamber, 2020; Asare et al., 2022; 
Eryilmaz & Bozgün, 2022; Zivanayi & Nwaigwe, 
2024). Despite these positive findings, most 
implementations position students as interpreters 
of  pre-designed representations rather than as 
creators of  scientific meaning.

This teacher-generated paradigm reveals 
a critical gap in both theoretical and empirical 
grounds. If  representational construction and 
dialogic negotiation mediate conceptual change, 
positioning students as authors of  scientific repre-
sentations may offer a more powerful mechanism 
for supporting learning. However, limited empi-
rical research has examined student-generated 
concept cartoons as multimodal artifacts through 
which students externalize, interrogate, and re-
vise their explanatory frameworks (Demirci, 
2017;  Szarková, 2017; Altiner, 2024; Abrahams, 
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2025). Moreover, prior studies have predomi-
nantly emphasized achievement outcomes while 
paying insufficient attention to representational 
processes and epistemic negotiation (Pekel, 2019; 
Wusqo et al., 2021; Fadhilah & Nurmalasari, 
2025). As a result, the epistemic function of  stu-
dent authorship in facilitating conceptual change 
remains under-theorized.

Preliminary classroom observations con-
ducted prior to this study further substantiate this 
concern. Although many fourth-grade students 
could recall key terminology related to force and 
motion, they struggled to translate these concepts 
into coherent visual and dialogic representations. 
Their drawings frequently lacked accurate indi-
cators of  force direction or magnitude, and peer 
discussions often relied on everyday reasoning 
rather than scientific justification. These patterns 
suggest that conceptual understanding may re-
main fragmented when opportunities for multi-
modal authorship and dialogic refinement are 
limited.

In response to this theoretical and empi-
rical gap, the present study investigates student-
generated concept cartoons as a pedagogical 
mechanism that integrates conceptual change 
and multimodal learning. Specifically, this study 
examines changes in students’ conceptual under-
standing of  force and motion following engage-
ment in student-generated concept cartoon acti-
vities, analyzes how students construct and refine 
multimodal scientific representations through 
self-authored concept cartoons, and explores pat-
terns of  peer dialogue and epistemic negotiation 
that emerge during these activities. By integrating 
quantitative measures of  learning gains with qua-
litative multimodal analysis, this study positions 
student authorship as an epistemic mechanism in 
conceptual change. It advances a representation-
driven, student-centered model of  primary scien-
ce learning aligned with SDG 4 and contempora-
ry curriculum reform initiatives in Türkiye.

METHODS

This study employed a mixed-methods 
case study with an embedded quasi-experimental 
design in Türkiye to examine the effectiveness of  
student-generated concept cartoons in improving 
primary school students’ conceptual understan-
ding of  force and motion. The qualitative com-
ponent explored how students constructed and 
represented scientific ideas through visual arti-
facts, while the quantitative component measu-
red changes in conceptual understanding before 
and after the intervention.

This study took place during regular scien-
ce learning at a public primary school in western 
Türkiye. It involved 30 fourth-grade students, 
with fifteen assigned to the experimental group 
that participated in student-generated concept 
cartoon activities. In comparison, the remaining 
fifteen students formed the comparison group 
and received conventional teacher-centered lear-
ning on the same topics. Both groups were taught 
within the same school context, followed an iden-
tical curriculum objectives, and received learning 
over the same duration to ensure comparability 
between conditions. 

This study focused on learning effecti-
veness within a specific classroom context rat-
her than statistical generalization. Therefore, 
the researchers employed effect-size analysis to 
emphasize the magnitude of  learning gains re-
sulting from the intervention, consistent with 
previous educational research using small-scale 
classroom-based designs (Cohen, 2013). Prior to 
the intervention, the researchers conducted clas-
sroom observations and informal interviews to 
identify students’ initial understanding and com-
mon misconceptions related to force and motion. 
These findings informed the design of  the con-
cept cartoon activities and ensured alignment 
with students’ prior knowledge. These findings 
informed the design of  the concept cartoon acti-
vities and ensured alignment with students’ prior 
knowledge.

The intervention took place over two lear-
ning sessions. Students in the experimental group 
worked in pairs to create their own concept car-
toons based on everyday phenomena involving 
force and motion. In the first session, they discus-
sed initial ideas. They drafted cartoons presenting 
alternative explanations, using directional arrows 
to represent forces, labels to identify force types 
(push, pull, friction), and speech bubbles to ex-
press differing viewpoints. In the second session, 
pairs exchanged drafts. They engaged in structu-
red peer discussion to evaluate the accuracy of  
force direction, magnitude, and causal relation-
ships, while the teacher provided scaffolding 
through guided questioning and prompts requi-
ring scientific justification. Students then revised 
their cartoons to improve conceptual accuracy 
and coherence between visual and textual ele-
ments. The activities emphasized cognitive con-
flict, dialogic reasoning, and multimodal repre-
sentation (Keogh & Naylor, 1999). The control 
group received teacher-centered learning using 
textbooks and explanation-based activities wit-
hout student-generated visual representations.



43
E. Gürhan & M. Sholeh/ JPII 15 (1) (2026) 40-50

Data collection employed multiple instru-
ments. Qualitative data consisted of  student-ge-
nerated concept cartoons, classroom observation 
notes, and semi-structured interviews with se-
lected students. Quantitative data were collected 
using a 20-item conceptual understanding test 
administered as a pre-test and post-test to both 
groups. The test consisted of  multiple-choice and 
short explanatory items designed to assess stu-
dents’ understanding of  key subtopics in the force 
and motion unit, including types of  forces (push, 
pull, and friction), direction and magnitude of  
force, balanced and unbalanced forces, and the 
relationship between force and changes in moti-
on such as starting, stopping, and changing speed 
or direction. 

The researchers developed the test items 
based on the national science curriculum and 
informed them with prior studies that identified 
common misconceptions in force and motion 
(Halloun & Hestenes, 1985; Treagust, 1988). 
These studies consistently show that students of-
ten hold persistent alternative conceptions regar-
ding fundamental physics principles, particularly 
in Newtonian mechanics. In science education 
research, scholars widely use several diagnostic 
instruments to identify such misconceptions, in-
cluding the Certainty of  Response Index (CRI), 
two-tier tests, and three-tier diagnostic tests (Ha-
san et al., 1999; Gurel et al., 2015). These instru-
ments capture not only students’ answers but also 
their reasoning and confidence levels, enabling 
researchers to diagnose the structure of  miscon-
ceptions.

To ensure content validity, two science 
education experts reviewed the test items to eva-
luate their alignment with the intended learning 
concepts. A pilot test was conducted prior to the 
main data collection to assess the instrument’s 
reliability. The reliability analysis showed satis-
factory internal consistency, with a Cronbach’s 
alpha coefficient of  α = 0.82, indicating that the 
instrument was reliable for measuring students’ 
conceptual understanding. Qualitative data were 
analyzed using thematic content analysis to iden-
tify patterns in representational accuracy, scien-
tific terminology, and reasoning processes (May-
ring, 2000). This study applied a multimodal 
representation framework to examine the integ-
ration of  visual, textual, and dialogic elements in 
students’ cartoons (Reid & Moses, 2022).

The study analyzed quantitative data using 
descriptive statistics and inferential analysis to 
compare pre-test and post-test results between 
groups. It calculated Cohen’s d to assess the 
learning impact of  student-generated concept 

cartoons. By integrating quantitative measures 
of  learning gains with qualitative analyses of  
student-generated representations and peer dialo-
gue, this fixed-methods design aimed to explain 
not only the intervention’s effectiveness but also 
the underlying learning processes that contri-
buted to conceptual change. 

The researchers obtained ethical approval 
from the school authorities and secured parental 
consent prior to data collection. They anonymi-
zed all student identities to ensure confidentiality 
and followed ethical standards for educational re-
search involving children. Figure 1 illustrates the 
overall research procedure, including participant 
assignment, intervention stages, data collection, 
analysis, and integration.

Figure 1. Research Design Flowchart of  the Em-
bedded Mixed-Methods Study

RESULTS AND DISCUSSION

This subsection presents the quantitative 
findings on students’ conceptual understanding 
of  force and motion following the two-session 
student-generated concept cartoon intervention, 
which included structured peer discussion, teach-
er scaffolding, and iterative revision of  visual rep-
resentations. The analysis compares pre-test and 
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post-test results between the experimental group 
and the control group, who received conventional 
teacher-centered learning. Table 1 summarizes 

the pre-test and post-test results of  the experimen-
tal and control groups.

Table 1. Students’ Conceptual Understanding Scores (Pretest vs Posttest)

Group Pretest 
Mean (SD)

Posttest Mean 
(SD)

Δ Mean pvalue Effect Size 
(Cohen’s d)

Experimental (StudentGenerated 
Cartoons)

42.1 (8.7) 68.4 (7.9) +26.3 < .001 1.89

Control (Traditional Learning) 41.8 (9.2) 52.7 (8.3) +10.9 .023 0.53

As shown in Table 1, students in the expe-
rimental group demonstrated a substantial imp-
rovement in conceptual understanding after the 
intervention. The mean score increased from 42.1 
(SD = 8.7) in the pre-test to 68.4 (SD = 7.9) in the 
post-test, resulting in a mean gain of  26.3 points. 
In contrast, the control group exhibited a more 
modest improvement, with mean scores increa-
sing from 41.8 (SD = 9.2) to 52.7 (SD = 8.3).

Inferential analysis revealed a statistically 
significant difference between the post-test sco-
res of  the experimental and control groups (p 
< .001). The results indicate a substantial diffe-
rence, reflected in a large effect size (Cohen’s d 
= 1.89) based on post-test scores. Although the 
effect size is large, the study interprets it in the 
context of  a small-scale classroom intervention.

This finding suggests that student-gene-
rated concept cartoons had a substantial impact 
on students’ understanding of  force and motion 
(Muamber, 2020; Song, 2021; Asare et al., 2022; 
Eryilmaz & Bozgün, 2022; Evrekli & Balım, 
2024; Zivanayi & Nwaigwe, 2024; Kumi-Manu 
et al., 2025). However, the present findings sig-
nificantly extend earlier research. While most 
prior studies relied on teacher-generated or re-
searcher-designed concept cartoons, this study 
demonstrates that student-authored visual repre-
sentations can yield stronger learning outcomes 
by actively engaging students in constructing and 
externalizing their scientific reasoning. To ensu-
re conceptual accuracy, the cartoon development 
process was supported by structured peer review 
and teacher scaffolding, including guided ques-
tioning, prompts requiring scientific justificati-
on, and whole-class reflection sessions. These 
mechanisms enabled misconceptions to be iden-
tified, discussed, and revised before final submis-
sion, thereby aligning students’ representations 
with scientifically accepted explanations.

From a conceptual perspective, the large 
effect size observed in this study supports argu-
ments from multimodal learning research that 

learning is strengthened when students integrate 
visual, verbal, and contextual resources to repre-
sent scientific ideas (Muamber, 2020; Jeppsson et 
al., 2022; Danielsson et al., 2023). By generating 
their own cartoons, students actively determin-
ed how to represent, label, and explain forces 
in specific contexts, rather than merely recalling 
scientific terms. This process required coordinati-
on between visual symbols, scientific language, 
and conceptual relationships, thereby promoting 
deeper cognitive processing and more coherent 
scientific understanding.

The contrast between the experimental 
and control groups highlights the limitations of  
conventional learning in addressing persistent 
misconceptions related to force and motion. Pre-
vious reviews have shown that such misconcep-
tions are resistant to change when learning focu-
ses primarily on explanation and textbook-based 
activities (Resbiantoro & Setiani, 2022; Atchia & 
Gunowa, 2024; Ergin et al., 2025). The findings 
of  the present study suggest that student-genera-
ted concept cartoons can function as an effective 
alternative by making students’ thinking visible 
and open to discussion, which is essential for con-
ceptual change.

Taken together, these results indicate that 
improvements in conceptual understanding were 
not merely a result of  exposure to visual materi-
als but rather stemmed from students’ active in-
volvement in authoring and negotiating scientific 
representations. This distinction reinforces the 
pedagogical value of  student-generated concept 
cartoons as a student-centered strategy for impro-
ving conceptual understanding in primary scien-
ce education.

This subsection examines changes in stu-
dents’ visual representations of  force and motion 
as reflected in their self-generated concept car-
toons. Table 2 presents the quantitative coding 
results for key representational features observed 
before and after the intervention, including enga-
gement in the concept cartoon activities.
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Table 2. Quantitative Coding Results

Feature Pre (%) Post 
(%)

Change 
(%)

Accurate Rep-
resentation of  
Force

22 66 +44

Use of Explan-
atory Captions

18 74 +56

Evidence of  
Reasoning Dia-
logue

12 58 +46

As shown in Table 2, students demonstra-
ted substantial improvement in their ability to 
visually represent scientific concepts. The pro-
portion of  cartoons accurately depicting force di-
rection increased from 22% in the pre-interventi-
on phase to 66% after the intervention. Similarly, 
the use of  explanatory captions and dialogic ele-
ments increased markedly, indicating growth in 
students’ ability to externalize and communicate 
scientific reasoning.

These improvements suggest a develop-
ment in students’ representational competence, 
particularly in integrating visual, textual, and 
dialogic resources to express scientific ideas. Spe-
cifically, students increasingly coordinated direc-
tional arrows with accurate force labels and exp-
lanatory captions while using dialogue in speech 
bubbles to articulate causal relationships between 
force and motion. This integration indicates that 
students were not merely adding visual elements, 
but systematically aligning symbolic, linguistic, 
and conceptual components to construct more 
coherent scientific explanations. Previous studies 
have emphasized that students’ drawings and 
visual artifacts can serve as powerful indicators 
of  conceptual understanding when students are 
actively involved in constructing representations 
rather than passively interpreting them (Jeppsson 
et al., 2022; Danielsson et al., 2023). 

The present findings support this view by 
showing that student-generated concept cartoons 
facilitated more accurate and meaningful visual 
explanations of  force and motion concepts. The 
cartoons addressed the core subtopics of  the lear-
ning unit, namely types of  forces (push, pull, and 
friction), the direction and magnitude of  force, 
and the relationship between force and changes 
in motion (starting, stopping, and changing speed 
or direction). This comprehensive coverage ensu-
red alignment between the learning activities and 
the targeted curriculum objectives.

Figure 2. Rolling Ball Motion Demonstrating the 
Effect of  Friction on Movement

The inclusion of  directional cues and 
scientific terminology reflects emerging concep-
tual awareness, although some representations re-
mained descriptive rather than mechanistic. This 
pattern is consistent with findings reported by 
Chin & Teou (2009), who noted that visual rep-
resentations often reveal partial understanding 
that teachers can further refine through guided 
discussion.

Students depicted combined push and pull 
forces in a realistic scenario. The use of  action-
based dialogue and coordinated movement sug-
gests an intuitive understanding that increased 
applied force can influence motion. Bachri et al. 
(2023), Chang et al. (2025), and Lamminpää et 
al. (2023) reported similar trends, finding that stu-
dent-generated visual models support explanato-
ry reasoning even when students do not explicitly 
articulate formal quantitative relationships.

Notably, the observed improvements in vi-
sual representation extended beyond surface fea-
tures, such as labeling. Also, they reflected chan-
ges in how students structured their explanations 
and in their understanding of  relationships bet-
ween forces and motion. This finding reinforces 
arguments that student-generated representations 
function as formative assessment tools, enabling 
teachers to identify both conceptual progress and 
remaining misconceptions (Danielsson et al., 
2023; Muslim et al., 2024; Genç & Aksoy, 2025).

Overall, these results indicate that engaging 
students in authoring their own concept cartoons 
supported the development of  visual scientific 
representation skills. From a multimodal learning 
perspective, the activity required students to coor-
dinate multiple semiotic modes, including visual 
symbols such as arrows and diagrams, written 
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labels, and dialogic text, into a coherent repre-
sentation of  force and motion. This coordinated 
integration of  modes reflects the development of  
representational competence, as students aligned 
symbolic, linguistic, and conceptual resources to 
construct scientifically meaningful explanations 
beyond conventional learning.

This subsection examines how peer dialo-
gue and collaborative reasoning emerged during 
the student-generated concept cartoon activities. 
To capture patterns of  classroom interaction, stu-
dents’ discourse was analyzed and coded based 
on dialogic features related to scientific reaso-
ning. Table 3 presents the distribution of  coded 
peer discourse categories observed during the in-
tervention.

Table 3. Distribution of Peer Discourse Codes Dur-
ing Concept Cartoon Activities

 Discourse Category Percentage of Coded 
Interactions (%)

Argumentation about 
Predictions

34

Negotiation of Mean-
ing

41

Reference to Evidence 27
Note: Percentages represent the proportion of coded dis-
course segments identified during peer interactions. A single 
interaction may include more than one discourse category; 
therefore, the total percentage may exceed 100%

As shown in Table 3, negotiation of meaning 
was the most frequently observed discourse category, 
followed by argumentation about predictions and re-
ferences to evidence. This distribution indicates that a 
substantial proportion of students were actively enga-
ged in discussing, questioning, and refining their ide-
as rather than merely completing the assigned tasks. 
While participation levels varied across pairs, most 
students contributed to the negotiation of meaning 
and collaborative reasoning during the activities. Such 
interaction patterns suggest that the concept cartoon 
activities fostered a dialogic learning environment 
conducive to conceptual development.

The prominence of meaning negotiation 
highlights the role of peer interaction in supporting 
students’ understanding of abstract science concepts. 
Through discussion, students articulated their initial 
ideas, encountered alternative viewpoints, and colla-
boratively resolved conceptual disagreements. This 
finding aligns with previous research emphasizing 
that dialogic interaction plays a critical role in know-
ledge construction and conceptual change in science 
learning (Chin & Teou, 2009; Atasoy et al., 2022; 
Lamminpää et al., 2023; Walid et al., 2023; Atchia & 
Gunowa, 2024; Muslim et al., 2024).

Figure 3. Push and Pull Force Collaboration in 
Everyday Context

As illustrated in Figure 3, A student-generated 
cartoon shows a child pushing a box onto a small cart. 
In contrast, another child pulls the cart forward, with 
directional arrows illustrating how push and pull for-
ces work together to move the load across the floor. 
While these representations supported engagement 
and narrative coherence, they occasionally reflected 
ambiguity in causal reasoning, particularly regarding 
the direction and magnitude of force and the relation-
ship between force and motion. For example, in Figu-
re 2, a cartoon depicting a ball rolling on the ground, 
a student wrote, “Top hareket etmeye devam ediyor çünkü 
hala kuvvetin etkisi var” as “The ball keeps moving be-
cause the force is still inside it,” indicating a miscon-
ception that force is an internal property rather than 
an interaction. In another case, students drew arrows 
in multiple directions without distinguishing between 
balanced and unbalanced forces, suggesting confusi-
on about net force and motion change. These examp-
les illustrate how simple narrative and visual elements 
in the cartoons stimulated discussion while revealing 
common misconceptions about push, pull, and fric-
tion, which were subsequently addressed through 
guided peer dialogue and teacher scaffolding (Pekel, 
2019; Lamminpää et al., 2023).

Notably, references to evidence within peer 
dialogue, although less frequent, indicate emerging 
scientific reasoning practices. This study identified 
instances in which students justified their claims by 
referring to observable phenomena, prior classroom 
demonstrations, or specific elements in their dra-
wings, such as arrow directions or object positions. 
For example, Figure 3 some students stated, “Kutu 
sağa doğru hareket ediyor çünkü sağa doğru itme kuvve-
ti daha güçlü” as “The box moves to the right because the 
push arrow is stronger,” or referred to a previous experi-
ment by saying, “Eğer daha güçlü itersek kutu daha hızlı 
hareket eder“ as “When we pushed harder in class, it moved 
faster.” Such statements were coded as evidence-based 
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reasoning because they linked claims to observable 
phenomena or representations rather than to opinion. 
Students began to justify their claims by referring to 
observable phenomena, prior experiences, or features 
depicted in their drawings. This progression reflects an 
early form of argumentation, consistent with findings 
by ALjrah et al. (2021), Atasoy et al. (2022), Ceylan 
& Yiğit (2018), Muslim et al. (2024), and Strande & 
Madsen (2018), who noted that student-generated 
multimodal representations can support the externa-
lization of reasoning processes in science classrooms.

Overall, the analysis of  peer discourse 
demonstrates that student-generated concept 
cartoons did more than support individual un-
derstanding; they also facilitated collaborative 
reasoning and meaningful scientific dialogue. 
By integrating visual representation with peer 
discussion, the activity created opportunities for 
students to negotiate meaning, challenge miscon-
ceptions, and refine their explanations, thereby 
contributing to deeper conceptual understanding.

The integrated analysis of  quantitative and 
qualitative findings provides a coherent explana-
tion of  how student-generated concept cartoons 
supported learning in primary science education. 
Improvements in students’ conceptual understan-
ding, as evidenced by the large effect size in Table 
1, were accompanied by qualitative changes in vi-
sual representations (Table 2) and peer discourse 
patterns (Table 3). This convergence of  outcomes 
across multiple analytical levels strengthens the 
validity of  the findings.

The substantial learning gains observed 
in the experimental group cannot be attributed 
solely to exposure to visual materials. Instead, 
they reflect students’ active engagement in aut-
horing, discussing, and revising their own scien-
tific representations. Studies show that concept 
cartoons not only help identify and address stu-
dents’ misconceptions but also encourage active 
engagement through discussion, argumentation, 
and reflection with peers, thereby strengthening 
the constructivist learning process (Finbråten et 
al., 2022; Önal, 2023). In addition, students who 
learn with this method tend to be more motiva-
ted and show greater interest in science lessons 
than those who learn with conventional methods 
(Muamber, 2020). 

The alignment between improved visual 
representations and increased dialogic interaction 
suggests a reciprocal relationship between repre-
sentation and reasoning (Robson, 2019; Kendall 
et al., 2020). As students refined their drawings, 
they simultaneously engaged in negotiation of  
meaning and argumentation with peers, which 

contributed to resolving misconceptions and de-
veloping more coherent scientific explanations.

From a pedagogical standpoint, these fin-
dings highlight the dual function of  student-gene-
rated concept cartoons as both learning tools and 
formative assessment instruments. The visual 
and dialogic artifacts produced by students pro-
vided teachers with immediate insights into stu-
dents’ thinking, enabling them to identify concep-
tual progress and remaining misunderstandings. 
Such multimodal meaning-making processes are 
widely recognized as supporting deeper learning 
in science education (Şanlıtürk & Zeybek, 2022; 
Danielsson et al., 2023; Siregar et al., 2023; Ziva-
nayi & Nwaigwe, 2024).

In addition, the findings have broader re-
levance for curriculum initiatives that emphasi-
ze creativity, visual literacy, and inquiry-based 
learning in primary science education. The use 
of  student-generated concept cartoons aligns 
with curricular orientations that promote active 
knowledge construction, multimodal expression, 
and the integration of  scientific concepts with 
everyday experiences. However, implementing 
this approach is not without challenges. Effec-
tive facilitation requires teachers to possess suf-
ficient pedagogical and content knowledge to 
guide discussions, identify misconceptions, and 
provide timely scaffolding. Teacher mediation in 
such student-centered activities is contextually 
bounded and shaped by structural conditions, in-
cluding workload and institutional expectations 
(Gürhan, 2026). Without structured guidance, 
student-generated representations may reinforce 
rather than correct misunderstandings, particular-
ly regarding the direction, magnitude, and causal 
mechanisms of  force. Furthermore, variations in 
classroom dynamics, including students’ psycho-
social backgrounds and documented adaptation 
challenges in Turkish primary schools (Gürhan, 
2025), may affect the consistency of  learning out-
comes. These considerations suggest that while 
student-generated concept cartoons offer strong 
pedagogical potential, their effectiveness depends 
on careful learning design and informed teacher 
mediation.

These findings have practical implications 
for primary science teachers and curriculum de-
signers. Integrating student-generated visual rep-
resentations into regular learning may enhance 
both formative assessment practices and con-
ceptual transparency in classrooms. Professional 
development programs may also consider incor-
porating training on multimodal scaffolding stra-
tegies to support effective implementation.
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Overall, the integrated findings demonstra-
te that student-generated concept cartoons offer 
a student-centered approach that connects con-
ceptual understanding, representational compe-
tence, and collaborative reasoning. By engaging 
students in multimodal meaning-making proces-
ses, this approach offers a practical, adaptable 
strategy for enhancing science learning in prima-
ry education settings. However, there are several 
limitations when interpreting these findings, in-
cluding the relatively small sample drawn from 
a single school context, the short duration of  the 
intervention, and the absence of  longitudinal 
data on the retention of  conceptual change. Fu-
ture research should involve larger, more diverse 
samples, extend the duration of  implementation, 
and examine the long-term and cross-disciplinary 
applicability of  student-generated multimodal 
representations to further strengthen their theo-
retical and practical implications. These findings 
suggest that positioning students as epistemic aut-
hors within multimodal learning environments 
offers a promising approach to strengthening 
conceptual change in primary science education

CONCLUSION

This study concludes that student-genera-
ted concept cartoons are an effective learning tool 
for enhancing primary school students’ concep-
tual understanding of  force and motion. Unlike 
traditional methods that use pre-designed visu-
als, this approach empowers students to actively 
construct and express their scientific knowledge 
through visual and verbal elements. The findings 
indicate that when students are allowed to author 
their own representations, they demonstrate imp-
roved scientific reasoning, more accurate use of  
terminology, and deeper engagement with core 
concepts. This study supports the idea that multi-
modal, student-centered strategies not only reveal 
student thinking but also promote meaningful 
learning and conceptual change.
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