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Abstract. Utilizing debates as an educational tool holds significant importance,
not only for evaluating students' capacity to construct arguments but also for eval-
uating their critical thinking abilities based on their existing knowledge. In this
study, we introduce a multi-storyline comic that explores socio-scientific themes
linked to the use of sunblock at the beach. Each storyline portrays a distinct per-
spective, either in favor of or against sunblock usage. Students are then divided
into two groups: one supporting the idea and one opposing it. This research aims
to investigate the effectiveness of multi-storyline comics in facilitating debates
among elementary school students regarding socio-scientific issues (SSI). The
central aim is to assess how comics can enhance the debate process, especially
within a small class of 10 students engaged in discussions concerning sunblock
application at the beach. A thematic analysis was conducted to evaluate student
statements during the debates, uncovering eight overarching themes with 16 cor-
responding codes stemming from their arguments. The findings emphasize the
efficacy of multi-storyline comics as a tool for introducing SSI scenarios, allow-
ing students to formulate statements, contemplate diverse viewpoints, and deepen
their understanding of the pertinent issues.
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1 Introduction

Do you agree with using sunblock when going to the beach? The topic of sunblock
usage at the beach prompts a socio-scientific inquiry about the perspectives on chemical
sunblock, both from an individual standpoint and its long-term impact on the beach
ecosystem. While these questions may seem simple and personal, they can be challeng-
ing for students to answer without understanding the nature of science or the ability to
engage in debate. However, introducing socio-scientific issues in the classroom can
facilitate answering such questions. Research suggests that incorporating socio-scien-
tific issues helps students grasp the nature of science [1], [2] (and develop scientific
literacy [3]-[5], enabling them to engage in debates and make informed decisions.
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Although many studies have focused on implementing socio-scientific issues in high
schools and colleges [6]—[8], there is a lack of research on integrating SSI into elemen-
tary schools [9]. However, it would be beneficial to introduce SSI to students from an
early age to enhance their literacy skills. Introducing simple issues that do not require
structured arguments can be a starting point. Nevertheless, due to the complexity of the
content, there are concerns about the acceptance of SSI among elementary school stu-
dents [9]. Therefore, it is essential to consider the classroom environment and learning
resources. According to Sadler et al. [10], employing media and information literacy
strategies is crucial in shaping students' perception of SSI in the classroom. Therefore,
we aim to design appropriate media to introduce SSI to elementary school children.

We have chosen comic media as our preferred medium for introducing socio-scien-
tific issues (SSI). This decision is based on several considerations. Firstly, since our
goal is to enhance student literacy, we need a medium to present SSI scenarios effec-
tively. However, as SSI scenarios often rely heavily on text, we have transformed them
into visual forms more suitable for elementary school children [11], our target audience.
Secondly, comic media can foster reading habits and positively motivate students [12].

However, we have made slight modifications to the comics we have developed. In-
stead of having a single storyline, we have created multiple storylines to allow students
to experience different narratives based on their choices. These multiple storylines are
designed to highlight SSI's pros and cons, intending to facilitate classroom debates.
Through these debates, we aim to assess the extent to which students' scientific literacy
is represented in their engagement with the comics.

This paper aims to outline and explore the debates among elementary school students
on socio-scientific issues using multiple-storyline comics. We seek to examine the com-
plexity of these debates through a thematic analysis of student debate transcripts. By
analyzing these debates, we hope to gain insights into the challenges and abilities of
elementary school children when engaging with socio-scientific issues in a classroom
setting.

2 Method

2.1  Context of Study

This research is part of design-based research [13], [ 14] examining the impact of comics
in introducing socio-scientific issues to students. Specifically, for this particular study,
we worked with a small class of 10 students taught by the fifth author of this paper.
Before conducting the debate, throughout seven sessions, we familiarized the class with
comic media and introduced three different comics, each addressing a different socio-
scientific issue. This study is an exploratory investigation [15] into the contribution of
comics with multiple storylines to the debate process.

2.2 Comic Design

The comics with multiple storylines referred to in this study do not follow a linear
storyline structure. Instead, within each comic panel, there are two distinct storylines
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based on the choices made by students regarding the issues at hand. Our comic design
was inspired by Tobita's study [16], which also employed multiple-storyline comics.
Our study's chosen issue was whether or not to use sunblock at the beach. Figure 1
presents an example of the comic, where the fourth panel includes a choice for students
to either use sunblock (leading to storyline A) or not use sunblock (leading to storyline
B).

However. this comes with
the drawback of havirg
unprotected skin that wil
quickly burn in the sun
and get UV radiatien.

Fig 1. The multiple storylines of comics

2.3 Debate Process

The debate process was divided into three main stages—preparation, during, and after
the debate stages—based on the work of Keller [17] and Peace [18] (see Figure 2).
During the debate stage, we further divided it into six sub-stages: pro position, first
rebuttal, con position, second rebuttal, teams questions, and closing statement. For this
study, we focused solely on observing the activities during the debate stage.
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Fig 2. Debate process

2.4 Data Collection

Our study primarily focused on examining student statements during the debate pro-
cess. We transcribed these statements verbatim, following a process adapted from pre-
vious studies [5], [19] that transcribed student statements in debates. However, our
study concentrates on student statements and does not observe other variables.

2.5  Data Analysis

Thematic analysis [20] was employed to identify themes within the statements pre-
sented by students during the debate process. We organized these themes based on the
codes that emerged from each statement in six sections: pro position, first rebuttal, con
position, second rebuttal, team questions, and closing statement. To provide detailed
data, we specified the frequency of each code by noting how many times it appeared in
the statement process described by the students during the debate. In our findings, we
use "f" to represent frequency, indicating the number of times the code was mentioned.

The first and fourth authors of this paper conducted the coding process. To ensure
the reliability of the coding, we utilized interrater agreement with Cohen's kappa [21].
The resulting Cohen's kappa value in this study was 92%, indicating a high level of
agreement between the two coders.

3 Findings

Based on our analysis of the transcript data during the debate, we conducted a thematic
analysis to identify the themes reflected in the student's statements. The themes and
corresponding codes that we identified are illustrated in Figure 3. In each debate stage,
we found that there was generally one predominant theme, except for the first rebuttal
and con position stages, where students expressed two themes in their statements.
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Theme 1: Benefits of Sunblock
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Fig 3. Themes and codes based on the debate

3.1 Pro position and first rebuttal

During the pro position stage, the first group advocating for the use of sunblock at the
beach emphasized several points regarding the benefits of sunblock. In their statements,
they highlighted the importance of skin protection, mentioned twice, and the prevention
of long-term skin diseases, mentioned three times. These two domains were coded un-
der the "benefits of sunblock." To illustrate, we provide two excerpts from the tran-
scripts of statements made by the pro sunblock group during the discussion.

Student 1: "UV rays are currently not very good for the skin, so for outdoor activi-

ties such as on the beach, you need a medium to counteract UV rays and protect
the skin, namely sunblock."”

Student 4: "l also add from my friend's opinion, not only protecting the skin, sun-
block can also prevent skin cancer, which also occurs due to UV radiation."”

During the rebuttal phase against the statements made by the pro group, the con
group countered by claiming that the pro group's statements were not entirely accurate.
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They specifically mentioned instances where sunblock may not be suitable for specific
skin types (f=2). Additionally, some students in the Con group highlighted the limita-
tions of sunblock in effectively blocking UV rays (f=1). We categorized these two
codes under the theme of "application of sunblock." Here are a few statements that
represent the con group's perspective:

Student 6: "I agree that sunblock can help protect the skin from UV rays, but I've
read that sometimes sunblock can cause allergies because it doesn't suit certain
skin types."

Student 10: "I want to add something that the pro group hasn't acknowledged,
which is that there are also limitations to sunblock. It cannot provide absolute
protection to the skin. For example, individuals with darker skin may require a
specific type of sunblock that ordinary sunblock cannot effectively protect against
UV radiation."

In addition to responding during the rebuttal, the con group highlighted the use of
chemicals in many sunblocks available on the market, pointing out their potential side
effects (f=4). They further emphasized that these side effects affect not only the users'
skin but also the environment (f=4). Here are definitive statements representing this
code:

Student 9: "Furthermore, we discovered that most sunblocks on the market con-
tain chemicals that can have side effects on the skin, such as skin irritation and
itching."

Student 7: "As explained by my friend, the impact of sunblocks with chemicals ex-
tends beyond the user's skin. It can affect the ecosystem around coastal areas and
cause pollution."

From the students' statements, it can be observed that in the proposition and first
rebuttal sections, the debate process involves direct responses from the con group to the
statements made by the pro group. Furthermore, the Con group also added additional
information to reinforce their arguments.

3.2 Con position and second rebuttal

In this section, it is the con group's turn to present their arguments against using sun-
block. They first highlighted the natural importance of the sun for human skin health
and vitamin D synthesis. Their initial statements focused on the harmful effects of sun-
block on skin health (f=2) and the role of sunlight in vitamin D synthesis and hormonal
balance (f=1). The following examples illustrate statements made by the Con group
during the debate:

Student 9: "During the rebuttal section, we emphasized that sunblock can some-
times have adverse effects on the skin, such as itching and irritation. This
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indicates that sunblock can trigger allergies for certain users. Moreover, based on
my readings, some chemical ingredients in sunblock can be absorbed into the
body, potentially impacting the users' long-term health."

Student 8: "Why is it so challenging for us to use sunblock, even though we need
sunlight to activate vitamin D and maintain hormonal balance in our bodies?
Therefore, using sunblock seems futile for humans."

Apart from emphasizing the human perspective, the con group also made statements
related to environmental concerns. They expressed their views against using chemical
sunblock to protect the environment (f=2) and highlighted the importance of human
awareness in safeguarding coastal ecosystems (f=3). The following statements repre-
sent this perspective:

Student 10: "We should remember that in this discussion, we consistently urge hu-
mans to minimize chemical exposure to sunblock to protect the environment."”

Student 8: "Humans need to be aware that the use of sunblock also affects other
living organisms. We need to be conscious of this, particularly for the well-being
of coastal ecosystems."

Like the previous section, this stage also involves a rebuttal process. Here, the pro
group responded to the statements made by the con group regarding skin health. Their
responses predominantly revolved around the comfort and benefits of sunblock at the
beach (f=2), as well as perceptions of skin appearance and the desire to maintain a
natural skin color (f=2). The following statements represent these perspectives:

Student 2: "We must recognize that using sunblock enhances our comfort at the
beach. It protects our skin, making us feel safer. The opinions expressed by the Con
group regarding the use of sunblock or its effects on the skin are isolated cases. On
the contrary, data shows that most sunblocks are effective in combating UV radia-
tion."

Student 3: "There is also a social perception that emphasizes the importance of
maintaining a natural skin color. This is precisely why sunblock plays a significant
role in preventing sunburn and keeping our skin healthy."

During the con position and second rebuttal, the notable aspect of the debate process
was the focus on data and discussions related to social and environmental aspects. How-
ever, there was limited response from the pro group regarding the eco-friendly move-
ment.

3.3 Teams Questions

In this stage, both teams can ask questions to the opposing team, and the opposing team
responds. Two notable codes emerged in this section: public knowledge regarding
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sunblock usage (f=2) and awareness of the importance of sun protection (f=2). In the
first code, the pro group asked questions to the con group, and the con group empha-
sized the need for more public knowledge in their responses. The following statement
serves as an example of a representative response:

Student 5 (Pro group): "Why does your group place more emphasis on the environ-
ment, while we humans ourselves need sunblock to protect our skin from UV rays?"

Student 7 (Con group): "We emphasize the environment because there are many
cases where people lack knowledge about using sunblock. They often opt for inex-
pensive sunblocks with chemical ingredients that have negative impacts on the eco-
system. However, if we are willing to invest a little more and consider eco-friendly
mineral sunblocks, we can address this issue. Therefore, we critique the lack of
public knowledge regarding sunblock usage and stress the importance of awareness
and wise decision-making."

Next, the con group asked the pro group about their perception of why they consist-
ently promote the use of sunblock. The Pro group responded by emphasizing raising
awareness to protect oneself from the sun and its long-term effects. The following state-
ment represents a typical response:

Student 10 (Con group): "None of you mentioned the environment in your state-
ments. Why do you focus more on the human aspect?"

Student 5 (Pro group): "It is not that we ignore the impact of sunblock on the envi-
ronment. However, we aim to present a pro statement, so we primarily discuss the
benefits of sunblock from the human perspective. Many people lack awareness of
UV radiation. As the world is changing due to global warming, UV exposure is
increasing. However, many individuals fail to use sunblock in hot environments. We
want to raise awareness about the importance of skin health, particularly in light
of the increasing incidence of skin cancer. Therefore, sunblock is essential for sun
protection to maintain healthy skin."

During the Teams Questions stage, the primary focus of both groups was to question
the statements made by the opposing team. In response, the answering group provided
further information related to awareness and knowledge of the subject matter.

3.4  Closing Statements

Each team presents a summary of their arguments in this stage and reaffirms their po-
sition by delivering a closing statement. Both groups focus on two main aspects, as
indicated by the mentioned codes: recapitulation of sunblock benefits (f=2) and the en-
vironmental impact along with viable alternatives (f=2). The following closing state-
ments represent these aspects:
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Student 5 (Pro group): "Based on all our explanations supporting the use of sun-
block, it is crucial to understand the dangers of UV radiation, particularly the
heightened risk of skin cancer. Therefore, the benefits of sunblock lie in its ability
to protect us from these dangers."

Student 7 (Con group): "As humans, we need to think broadly and be mindful of our
environment. This is why our group has opposed the use of sunblock from the be-
ginning, due to its environmental impact. We propose alternatives, such as utilizing
environmentally friendly sunblocks, as a means to reduce environmental pollution
resulting from sunblock usage."

These closing statements highlight each group's stance and reinforce their arguments
by summarizing sunblock's benefits or proposing alternative solutions. It demonstrates
that the purpose of the closing statements is to provide an overall summary of each
team's arguments.

4 Discussion

This section examines whether using multiple storylines in comics contributes to the
student debate process. The broad answer is that it facilitates students in formulating
their positions, whether in favor or against the issue. It aligns with findings from previ-
ous studies that highlight the significant role of comic media in information gathering
during debates [22], [23]. However, we observed some intriguing improvisations made
by the students. During the debate, they provided information that did not appear ex-
plicitly in the comics, indicating that they had prior knowledge or acquired additional
insights from sources outside the comic media. For instance, the con group introduced
the concept of the suitability of sunblock for different skin types and the synthesis of
vitamin D, which were not explicitly presented in the comics. This observation is intri-
guing and highlights the essence of learning through socio-scientific issues, which en-
courages the exploration of diverse information sources rather than relying solely on
one [24], [25].

On the other hand, the pro group predominantly emphasized information provided
within the comics. Their statements revolved around the benefits of sunblock from a
human perspective. However, one interesting aspect to note is their argument in the
second phase of the debate, which touched upon social perceptions regarding skin ap-
pearance. Their statement was thought-provoking, as they acknowledged the influence
of social factors on the desire to maintain a bright skin complexion. It aligns well with
the socio-scientific issues framework, where the emphasis extends beyond pure science
and incorporates societal aspects [26], [27]. The Pro group displayed sensitivity in ad-
dressing this social dimension as part of their argument.

Taking positions and engaging in rebuttals plays a crucial role in debates [28], [29].
Taking a position involves expressing one's views through perspectives and arguments
that are to be defended, accompanied by evidence, data, facts, and logical reasoning
supporting that position [17]. On the other hand, rebuttals respond to invalid arguments,
aiming to weaken the opponent's stance [18]. These two aspects are highly significant
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when employing socio-scientific issues (SSI) in the classroom [29]. The controversial
nature of SSI necessitates the existence of opposing sides, representing both pros and
cons. In the case of the debate on using sunblock, it exemplifies the controversy inher-
ent in SSI. Engaging in SSI debates has proven beneficial in fostering students' critical
thinking skills and promoting the importance of respecting differing viewpoints [4].

An intriguing element arises during the stage where teams pose questions to each
other, targeting the weak points in each group's statements. For instance, the Pro group
questions the Con group about their emphasis on the environment while neglecting es-
sential considerations from the human perspective. Similarly, the Con group asks the
Pro group why their statements consistently focus on the human aspect rather than a
broader, universal perspective regarding the environment. Both groups responded
adeptly, demonstrating a high level of awareness regarding human health and environ-
mental concerns. It aligns with research emphasizing the cultivation of awareness
among individuals engaged in SSI [26], [30], [30], encouraging reflection on whether
their positions on issues are beneficial in the long run.

The closing statements in the debate are equally intriguing. Both groups presented
their recapitulations to reinforce the statements made throughout the debate. It holds
significant importance in SSI learning as it strengthens students' positions on issues,
requiring them to possess the skills to summarize and recapitulate all relevant facts and
arguments [5], [29].

Suppose we assess the extent to which students can develop statements during the
SSI discussion process. In this case, this study reveals that most of the statements pro-
vided by students rely heavily on the information presented in the comics, except for
the Con group, which also incorporates additional information. However, it is essential
to note that the information conveyed in these statements is limited to what the students
can gather from various sources, regardless of the validity of those sources. It is the
teacher's responsibility to provide access to reliable information, especially considering
that the target audience in this study is elementary school children who may still need
to gain knowledge in discerning valid information.

Another group could challenge some of the information presented by one group, but
due to limited knowledge, such discussions did not occur extensively during the rebuttal
phase. For example, when the Con group explained the process of vitamin D synthesis
triggered by sunlight, the Pro group could argue that not all sunlight is equally adequate
for activating vitamin D synthesis. They could have mentioned that the most effective
sunlight for this purpose is during the morning or evening, as excessive heat can lead
to skin problems. However, this aspect still needs to be addressed by the pro group.

Based on the findings, it is evident that engaging in classroom debates using multi-
ple-storyline comics can positively impact students by enriching the information shared
during the debate process. Nonetheless, there are areas where students need to improve,
such as solely focusing on the comic information without exploring additional sources.
It highlights the importance of students independently collecting and managing infor-
mation from various sources, a skill that should be further addressed in future studies
and educational practices related to SSI.
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5 Conclusion

In conclusion, this study examined the use of multiple-storyline comics in facilitating
student debates on socio-scientific issues (SSI). The findings indicate that using comics
positively contributed to the debate process, allowing students to express their positions
and engage in critical thinking. The comics served as an effective medium for introduc-
ing SSI scenarios to elementary school students, fostering scientific literacy, and pro-
moting open-mindedness toward diverse perspectives.

However, it is essential to acknowledge certain limitations of this study. Firstly, the
research was conducted in a small class with a limited number of participants, which
may impact the generalizability of the findings. Further studies with larger sample sizes
are needed to validate and expand upon these results. Additionally, the study primarily
focused on student statements during the debate without thoroughly examining other
variables or assessing the long-term impact of using multiple-storyline comics in SSI
education.

Furthermore, the study predominantly relied on the information presented in the
comics, and there needed to be more emphasis on students independently seeking and
evaluating information from diverse sources. Future research should encourage stu-
dents to explore a broader range of information and develop critical evaluation skills.

Lastly, the study mainly focused on elementary school students, and the results may
differ for students at different educational levels. Investigating the impact of multiple-
storyline comics in SSI discussions across various grade levels would provide a more
comprehensive understanding of their potential benefits.

Despite these limitations, this study highlights the promising role of multiple-story-
line comics in facilitating SSI debates among elementary school students. It provides
valuable insights for educators and curriculum developers seeking innovative ap-
proaches to enhance students' engagement with socio-scientific issues.
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