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ABSTRACT
Leveraging Generative Al to Enhance Sixth Graders’ Scientific Argumentation

Quality on the Greenhouse Effect Topic

This case study aimed to explore how a learning module designed based on the
Argument-Driven Inquiry (ADI) instructional model with generative Al integration
facilitated sixth-grade students' written scientific argument quality in the context of
the greenhouse effect, their interaction with the chatbot, and their perceptions of this
experience. Conducted after school hours at a public middle school in Mersin,
Turkey, the study involved five high-achieving sixth-grade students over three
weekly 120-minute sessions. During each session, participants investigated different
aspects of the greenhouse effect results, engaging in various simulations, text
materials, and chatbot interactions to form their scientific arguments. Data, including
participants’ written scientific arguments, chatbot conversation logs, and perception
forms, were analyzed using content analysis to assess argument quality and
participant experiences. Findings showed that the chatbot’s feedback and guidance
improved argument quality, particularly in refining claims, evidence, and reasoning.
Although participants initially struggled with interpreting complex responses, the
chatbot generally produced contextually appropriate responses. Participants reported
enhanced topic understanding and new knowledge acquisition. Due to technological
limitations at the school, the small sample size led the study to focus on individual
written argumentation, offering deep insights into chatbot efficacy while limiting the

transferability of findings to larger populations.



OZET
Uretken Yapay Zekanm Altinci Sinif Ogrencilerinin Sera Etkisi Konusundaki

Bilimsel Argiimantasyon Kalitesini Artirmadaki Roliiniin Incelenmesi

Bu vaka ¢alismasiin amaci Argiiman Tabanli Sorgulayici Arastirma (ATSA)
Ogretim modeline dayali olarak tasarlanan ve iiretici yapay zeka entegrasyonu igeren
bir 6grenme modiiliiniin, sera etkisi baglaminda altinci sinif 6grencilerinin yazili
bilimsel argliman kalitesine ve bu deneyime iligkin algilarina nasil katki sagladigini
arastirmaktir. Calismaya bes basarili altinci sinif 6grencisi katilmis ve 6grenme
modiild, ti¢ hafta boyunca art arda uygulanan ii¢ oturumda gerceklestirilmistir.
Ogrencilerin yazil bilimsel argiimanlari, chatbot etkilesimleri ve §grenme modiiliine
iliskin yazil1 gbriisleri veri olarak toplanmis ve icerik analizi yontemiyle
degerlendirilmistir. Bulgular, sohbet robotunun verdigi geri bildirim ve rehberligin,
ozellikle iddia, kanit ve gerekgelerin gelistirilmesinde, yazili argiiman kalitesini
artirdigin1 ortaya koymustur. Katilimcilar baslangigta karmasik yanitlari
yorumlamakta zorlansalar da, sohbet robotu genel olarak baglama uygun ve
destekleyici yanitlar iiretmistir. Katilimcilar konuya dair anlayiglarinin arttigini ve
yeni bilgiler edindiklerini bildirmistir. Okulun yetersiz teknolojik altyapisindan
kaynaklanan sinirlamalar nedeniyle kiiciik bir 6rneklemle ytiriitiilen bu ¢alisma,
bireysel yazili argimantasyona odaklanmistir. Bu durum, sohbet robotunun
etkililigine dair derinlemesine baglamsal iggoriiler sunarken, elde edilen bulgularin

daha genis gruplara genellenebilirligini sinirlamistir.
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CHAPTER 1

INTRODUCTION

The Earth's average temperature has been rising each year, primarily due to the
greenhouse effect. This phenomenon exacerbates global warming and accelerates
climate change, resulting in widespread consequences for agriculture, public health,
and natural ecosystems (IPCC, 2023). The rise in these gases can be attributed to
excessive production and consumption (Jeffry et al., 2021; Mitchell, 1989). For
instance, carbon dioxide (CO, ), a major greenhouse gas, has significantly increased,
particularly due to the extensive use of fossil fuels in transportation, energy
generation, and industrial production (Jay et al., 2023). Although it is possible to
mitigate global temperature rise by maintaining greenhouse gas emissions at
specified levels, reducing emissions is a gradual process. Due to the prolonged
presence of greenhouse gases in the atmosphere, their immediate removal is not
feasible, and phasing out human activities such as fossil fuel use requires time and
systemic transformation. Even if emissions decline, any future emissions exceeding
the amount removed from the atmosphere will continue to elevate global
temperatures. Achieving a balance between greenhouse gas emissions and removals,
known as net-zero emissions, has the potential to stabilize global temperatures
(IPCC, 2023). Consequently, the extent of global warming hinges on future
emissions influenced by human activities and decisions. One practical pathway to
achieving this balance is through the adoption of zero-carbon transportation and
heating systems by both governments and citizens, which can significantly contribute

to reaching net-zero carbon emissions (Jay et al., 2023).



Therefore, public action plays a crucial role in regulating human activities
that contribute to greenhouse gas emissions. Addressing this challenge requires a
collective responsibility, beginning with raising awareness at the individual level.
One effective approach is to educate the public about the scientific dimensions of
climate change and support informed decision-making processes (Gautier, 2012).
Through such educational efforts, individuals can gain insight into how scientific
knowledge is constructed and recognize that science is also a social endeavor. This
awareness, in turn, contributes to the development of scientific literacy among
citizens (Driver et al., 2000).

Developing such scientific literacy begins in the classroom, where students
are introduced to practices that mirror how science operates in the real world. To
promote scientific literacy, students need to practice evaluating evidence and relating
it to explanations through reasoning, which is also the practice of scientific
argumentation (Lieskovsky & Sunyik, 2022). Scientific argumentation is accepted as
a way of doing science; therefore, to raise scientifically literate citizens, it is regarded
as a fundamental practice in science education (Driver et al., 2000).

Scientific argumentation can be developed through both writing and speaking
about science (Jimenez & Erduran, 2007). In order to write scientifically, students
need to learn how to construct explanations that combine evidence and reasoning to
support their claims (McNeill et al., 2006), a process central to scientific
argumentation.

Constructing a scientific argument requires students to integrate evidence
with reasoning to support their claims, an intellectually demanding task that involves
identifying relevant data and comprehending the scientific principles underlying the

phenomenon (Sadler, 2004). Moreover, many students struggle to construct coherent



arguments and require additional scaffolding and support throughout the process
(Hendratmoko et al., 2023). While many students face difficulties during argument
construction, this challenge persists even among high-achieving learners. High-
achieving students face challenges when developing their arguments and considering
multiple perspectives in scientific argumentation. While they are often capable of
producing structurally sound arguments, they may struggle to incorporate
sociological dimensions or broader implications of the phenomenon. This
underscores the need for learning environments that provide timely and formative
feedback during the argument construction process (Ho et al., 2019; Kizkapan &
Nacaroglu, 2020).

The Argument-Driven Instructional (ADI) model is an approach that
facilitates peer discussion and iterative writing, providing timely feedback through
group work. At the end of this model, the teacher provides feedback, and students
revise their arguments accordingly (Sampson et al., 2010). However, providing such
personalized and timely feedback poses a persistent challenge for teachers,
particularly in large classroom settings (Henderson et al., 2017).

In response to these challenges, recent technological advancements have
opened new possibilities to support students in constructing scientific arguments.
One such innovation is the integration of artificial intelligence (Al) tools, particularly
generative Al-based chatbots, into educational contexts. Generative Al chatbots,
which are trained on extensive datasets, are designed to generate human-like
responses that align contextually with user inputs (Martineau, 2024).

These chatbots serve as digital learning partners by engaging students in

dialogue, offering scaffolded responses tailored to their input, and providing



immediate, contextualized feedback during the process of argument construction.
(Guo et al., 2023; Su et al., 2023; Yang et al., 2022).

However, designing such chatbots necessitates expertise in coding. To tackle
this issue, Platform for Open Exploration (POE) was introduced, a web-based
interface that simplifies the design of chatbots using prompt-based inputs. The
platform provides access to a variety of generative Al models without the need for
coding skills or paid subscriptions. This innovative platform allows users to create
chatbots based on their prompts through multiple generative Al interfaces, all
without the requirement of payment or technical expertise. Although literature
emphasizes the use of POE in foreign language education (Lee et al., 2024; Wu &
Xu, 2025), no existing studies have investigated its application with middle school
students to improve the quality of written scientific argumentation regarding the
greenhouse effect. This study aims to fill this gap by exploring how a chatbot
designed via POE can support middle school students’ quality of written scientific

argumentation in the context of the greenhouse effect.

1.1 Significance of the study

Scientific argumentation has been found beneficial for students in supporting
metacognitive processes, communication skills, and scientific literacy (Erduran &
Jimenez, 2007). Science education also aims to instill the awareness that science is a
social endeavor, and research about science education has been used to analyze how
students construct and evaluate scientific claims while learning to do science (Driver
etal., 2000). As outlined by the Ministry of National Education (MoNE, 2018), the
Turkish national curriculum emphasizes learning processes that involve exploration,

argumentation, and reasoning. The recently introduced Maarif Model (MoNE, 2024)



further highlights critical thinking as a central tendency for sixth-grade students,
encouraging them to evaluate and compare arguments by analyzing information.
Consequently, sixth-grade students are expected to practice argumentation in their
science education.

Even though the development of scientific argumentation is one of the main
goals of science education, it is not frequently experienced by students in the
classroom setting (Kuhn, 1992). Therefore, students have difficulty practicing
scientific argumentation because they are unfamiliar with asking questions using
their reasoning while forming explanations (Simon et al., 2006). To address these
challenges, the implementation of innovative instructional tools has been proposed as
an effective solution (Henderson & Aguilera, 2020).

In response to this need, this study contributes to the literature by introducing
an original learning module that integrates scientific argumentation with generative
Al support through a chatbot designed using the POE platform. Unlike previous
studies, which have focused primarily on higher education or language learning
contexts, this study explores how Al-supported scaffolding can facilitate written
argumentation at the middle school level, specifically within a public school setting.
Since students in such contexts may have limited experience with both scientific
argumentation and emerging technologies (Driver et al., 2000; Topal et al., 2024),
the findings of this study may offer valuable implications for science educators,
curriculum designers, and researchers seeking innovative strategies to promote

scientific argumentation in diverse classroom environments.



1.2 Purpose of the study

This study aims to explore how a learning module designed based on the Argument-
Driven Inquiry (ADI) instructional model with generative Al integration facilitates
sixth-grade students' written scientific argument quality in the context of the

greenhouse effect topic and their perceptions of this experience.

1.3 Research questions
Overarching research question: How does a specifically designed learning module
based on the ADI instructional model, integrated with Generative Al (hereafter
referred to as the module), facilitate sixth-grade students’ written argumentation
quality and their perceptions of the learning experience?
Research Question 1: How does the quality of the scientific arguments written by
sixth-grade students in the context of the greenhouse effect improve during their
interaction with the learning module?
Research Question 2: How do students interact with a specifically designed chatbot
to develop their arguments during the learning module?
RQ 2.1 For which purposes do students use the chatbot in the context of the
scientific argument formation process?
RQ 2.2 Through which functions do the chatbot respond to students' requests
in the context of the scientific argument formation process?
RQ 2.3 What is the quality of chatbot responses in supporting participants’
scientific argumentation?
Research Question 3: What are the students’ perceptions of the effectiveness of the

chatbot for developing their arguments?



1.4 Organization of sections

This thesis is organized into five chapters. Chapter 1 outlines the significance of the
study, the purpose of the study, the research questions, and the overall organization
of the thesis. Chapter 2 provides a comprehensive literature review, covering the
greenhouse effect and scientific argumentation, frameworks and approaches related
to scientific argumentation, teaching strategies and models for scientific
argumentation, the Argument-Driven Inquiry (ADI) instructional model, challenges
in teaching scientific argumentation and potential solutions, as well as chatbot
affordances and empirical studies on chatbot technologies. Chapter 3 details the
research methodology, including the research design, case, participants, data
collection instruments, data collection procedures, data analysis methods, and
measures to ensure the trustworthiness of the study. Chapter 4 presents the findings
of the study. Chapter 5 discusses the findings, offers recommendations and

implications for future research, and addresses the limitations of the study.



CHAPTER 2

LITERATURE REVIEW

The excessive accumulation of greenhouse gases has led to severe environmental
consequences, including global warming, melting ice caps, and rising sea levels. If
societies take required precautions, the amount of the gases can be kept at a stable
level, which depends on informed decisions of citizens (Gautier, 2012; IPCC, 2023).
Facilitating informed decisions and public action can be possible through evidence-
based discussion environments, which can be practiced by scientific argumentation
(Lieskovsky & Sunyik, 2022). Scientific argumentation can be practiced with various
teaching strategies, including Argument Driven Inquiry (Sampson et al.,2010).
However, while teaching scientific argumentation, delayed feedback and the need for
instructional support affect students’ scientific argumentation learning process
(Henderson et al., 2017; Wen et al.,2015). Chatbots have been used to eliminate
these difficulties in the literature (Yang et al.,2022). The POE interface, which
enables users to access and customize various chatbot services without requiring
coding skills, has recently gained attention in educational research. However,
existing studies utilizing the POE platform have predominantly focused on foreign
language instruction (Lee et al., 2024; Wu & Xu, 2025). To date, no study has
employed a specifically designed chatbot via POE to support the development of
scientific argumentation skills among middle school students, particularly within the
context of teaching the greenhouse effect. This study integrates scientific
argumentation within the context of the greenhouse effect’s consequences,
leveraging generative Al to support the learning process. The literature review

section establishes the necessity of scientific argumentation in the context of results



of the greenhouse and examines teaching strategies for scientific argumentation
along with their associated challenges. It then reviews the use of generative Al in
education, focusing on its application in scientific argumentation instruction. Finally,
the significance of this study for the existing literature is discussed, highlighting its

contribution to addressing the identified gaps.

2.1 The greenhouse effect as a context for scientific argumentation

Human activities are the main source of greenhouse gases that cause global warming
(IPCC, 2023). Due to excessive amounts of greenhouse gases, global surface
temperatures rose by 1.1°C at the beginning of the 20th century. The increase in
greenhouse gas emissions is strongly linked to unsustainable energy use,
consumption, and production patterns in different regions. An increase in greenhouse
gas emissions will give rise to 1.5°C global warming, which can lead to hazards in
multiple aspects. If rapid and sustained reductions are made, a slowdown in global
warming can be obtained in two decades (IPCC, 2023).

Ultimately, the decisions made by governments and society will determine
future emissions. For instance, promoting the use of clean energy sources can lead to
achieving net-zero carbon emissions (Jay et al., 2023). However, confronting this
crisis requires more than technological solutions; it demands a scientifically literate
society capable of making informed, evidence-based decisions. Therefore,
individuals, as the smallest unit of society, should be educated in a way that their
actions can influence others' decisions. To promote informed decision-making, the
scientific aspects of the situation should be taught (Gautier, 2012). This way, citizens
can understand that science is deeply intertwined with society, and as a result, their

scientific literacy can be fostered (Driver et al., 2000).



In science education, one of the goals is to cultivate students' ability to make
evidence-based decisions and to foster scientific literacy (Jimenez & Erduran, 2007).
As long as students notice scientific knowledge beyond each socioscientific issue and
learn to make evidence-based decisions, they will be willing to take action on
environmental issues (Gautier, 2012). To foster the formation of informed decisions,
students should be educated as scientifically literate. A way of teaching scientific
literacy is by preparing evidence-based learning environments, which can be
sustained through scientific argumentation practice because students evaluate
evidence and use scientific data to form an argument by connecting reasoning. To
make students scientifically literate, students need to learn to evaluate evidence and
improve their reasoning. Therefore, they need evidence-based discussion
environments that can be sustained through scientific argumentation (Lieskovsky &
Sunyik, 2022).

Scientific argumentation is also a widely used strategy to practice reasoning,
evidence evaluation, and argument formation. Besides, when students attend
scientific argumentation activities, they enhance their communication skills, critical
thinking abilities, and scientific literacy (Erduran & Jimenez, 2007). For scientific
argumentation, socioscientific issues, which are social issues that have a significant
scientific component, enable best practice since these issues provide topics from
daily life; thus, students can be familiar with the issue and use their informal
reasoning and argumentation skills. Therefore, students can learn how to evaluate
information, how science works, and scientific concepts (Sadler, 2004). Even though
students can struggle to form arguments about newly learned topics, when they are
given a topic from daily life, they can interact with it willingly. Therefore, this study

focuses on the greenhouse effect, a socioscientific issue rooted in daily life, as a
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context for enhancing students' informed decision-making and scientific

argumentation skills.

2.2 Frameworks and approaches to scientific argumentation

In this section, diverse argumentation frameworks, including Toulmin (1984) and
McNeill et al. (2006), will be discussed. In the scope of this study, the Claim-
Evidence-Reasoning (CER) framework for constructing scientific explanations, as
proposed by McNeill et al. (2006), was employed. This framework has also been
found to be compatible with K—12 students’ cognitive levels (Zhou, 2023).

An argument is a statement of conclusions reached by reasoning (Brockriede,
1975). On the other hand, scientific argumentation is a process where one attends a
debate to persuade the audience in a scientific context (Berland & Hammer, 2011).
According to Toulmin (1984), an argument has different components: data, claim,
grounds, warrant, qualifier, rebuttal, and backing. Claim means the main argument,
while grounds include a rationale to put forward the claim, in other words, evidence
to express the claim. A warrant states assumptions about the situation. Backing
supports the warrant, explaining why this assumption is made. The qualifier makes
the claim specific for some situations; thus, the claim's validity can be improved.
Rebuttal mentions another possible situation; in other words, if another condition that
gives rise to the same situation doesn't exist (Toulmin, 1984).

The argument components proposed by Toulmin (1984), specifically warrant,
backing, and qualifier, pose significant challenges for differentiation and effective
utilization among students. As a result, numerous researchers have identified the
Toulmin model as inherently difficult to implement within K—12 educational

contexts (Erduran et al., 2004).
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To address these pedagogical limitations, McNeill et al. (2006) put forward
another model that consists of claim, evidence, and reasoning components.
According to this model, the claim is a conclusion to answer the research question,
while the evidence is scientific data that supports the claim. The scientific data can
be obtained via investigation or existing data, which should be sufficient to support
the claim. On the other hand, the reasoning explains why the data is accepted as
evidence (McNeill et al., 2006). In other words, reasoning answers why they believe
the evidence is compatible with the claim. From this perspective, the reasoning is
similar to Toulmin’s warrant and backing. However, to avoid confusion, a term of
reasoning was preferred (McNeill et al., 2006).

In this study, the CER framework was chosen for its alignment with the
cognitive development of middle school students and its effectiveness in enhancing

argumentation skills (Zhou, 2023).

2.3 Teaching strategies for scientific argumentation
This section reviews existing literature on improving students’ scientific
argumentation, including teaching models and strategies.

According to a literature review study by Hendratmoko et al. (2023),
integrating inquiry and debate activities improves students’ scientific argumentation
skills. Inquiry activities are needed since forming arguments requires effective
integration of evidence and reasoning. Besides, to revise and refute claims, there is a
need for opposing arguments, which can be facilitated with debate activities
(Hendratmoko et al., 2023).

In the context of SSI, reflective and debate activities have been shown to

improve students' argumentation skills significantly. In a study by Béchtold et al.
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(2022), researchers investigated how these activities enhanced argumentation in 16-
to 18-year-old students. Reflective activities, which focus on self-checking
arguments, and debate, which encourages the explanation of alternatives, were found
to be particularly effective. Combining these two teaching strategies resulted in
better student arguments (Béchtold et al.,2022).

Existing studies have consistently demonstrated the efficiency of inquiry,
debate, and reflective activities in improving argumentation (Béchtold et al.,2022;
Hendratmoko et al., 2023). When students have an inquiry environment that allows
them to analyze and synthesize data, they are better equipped to discuss their
findings with their classmates (Hendratmoko et al., 2023). Similarly, when students
engage in reflective activities, such as revising their work, they are able to produce
better arguments (Béachtold et al.,2022). The Argument-Driven Inquiry instructional
model effectively facilitates these activities, allowing students to plan and carry out
investigations, construct explanations, and share their findings with their classmates.

The Argument-Driven Inquiry (ADI) instructional model has been
recommended in literature as an effective approach to teaching scientific
argumentation (Sampson et al., 2010). Given its emphasis on inquiry, collaboration,
and evidence-based reasoning, the ADI model was selected as the instructional
backbone of this study. Therefore, this section was placed to explain the details of

the ADI model.

2.4 Argument-driven inquiry instructional model
According to this model developed by Sampson et al. (2010), seven interrelated steps
exist to promote the formation of scientific arguments. ADI model begins with the

“identification of the task,” aiming to introduce the topic and capture the students'
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attention and interest. In the second step, “generation of data”, students
collaboratively design a method for investigation and apply it accordingly.

As a third step, “production of a tentative argument,” they produce tentative
arguments based on their findings, using the claim-evidence-reasoning (CER)
structure. According to the ADI model, a claim explains a research question, while
evidence means observation or measurement to support the claim. Reasoning, on the
other hand, integrates evidence into the claim by answering why the evidence
supports the claim. In the fourth step, “argumentation session,” students share their
arguments with other groups to compare and critique their own and their classmates’
arguments. The fifth stage involves “creation of a written investigation report,”
where students write an investigation report. During the sixth step, known as
“double-blind peer review,” students evaluate each other’s reports based on some
guiding questions. Using the feedback received, groups then revise their arguments.
In the final stage, titled “revision of the report,” the completed reports are submitted
to the teacher, who provides additional feedback. Groups then refine their arguments
until they achieve a polished final form (Sampson et al., 2010).

Although the ADI model includes both oral and written phases in argument
construction (Sampson et al., 2013), this study focused exclusively on written
arguments, as they offer a structured and analyzable form of students’ reasoning
(McNeill & Krajcik, 2011). Writing requires students to organize their ideas
coherently and support claims with evidence, enabling consistent analysis and
reliable comparison of argument quality across tasks (McNeill et al., 2006).

Within the ADI model, the "production of a tentative argument™ and “creation
of a written investigation report"” stages emphasize writing practice, requiring

students to construct arguments with relevant evidence, support claims with
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reasoning, and revise based on feedback. As Sampson et al. (2013) highlight, when
students do not engage actively in writing, evaluations remain superficial and fail to
reflect their scientific writing development or learning potential through this process.
Thus, written reports serve not only as records of observations but also as a medium
to communicate scientific understanding and argument construction effectively
(Sampson et al., 2013). Table 1 summarizes the seven steps of the ADI framework

along with their instructional purposes.

Table 1. Steps of the ADI Framework Developed by Sampson et al (2010)

Step Description

1. Identification of the Task Introduces the topic and captures the students' attention and interest.

2. Generation of Data Students design a method as a group to carry out an investigation that

addresses the topic introduced in the first step.

3. Production of a Tentative Students form tentative arguments based on their investigations.

Argument

4. Argumentation Session  Students share their arguments with other groups for comparison.

5. Creation of a Written Students write an investigation report.

Investigation Report

6. Double-Blind Peer Review Students evaluate each other’s reports. Based on the feedback, groups

revise their arguments.

7. Revision of the Report Reports are submitted to the teacher, who provides feedback. Groups

then revise their arguments until they form a proper final form.
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Previous studies showed that using the ADI model is beneficial in facilitating
students in an environment that improves scientific argumentation (Kagar & Balim,
2018; Sampson et al.,2010; Songsil et al., 2019). Sampson et al. (2010) conducted an
exploratory study with 19 tenth graders to explore the effect of laboratory activities,
designed based on Argument-Driven Inquiry (ADI), on the engagement of scientific
argumentation and the quality of the scientific arguments produced by students. This
study lasted 18 weeks with 15 lab activities. In the lab activities, students worked in
groups of 3 or 4 and dealt with various lab activities for diverse purposes, including
developing a new explanation, revising an explanation, evaluating an explanation,
and using an explanation to solve a problem (Sampson et al., 2010).

Researchers used a performance task consisting of the candle and inverted
flask to assess how the students participated in scientific argumentation and
constructed a scientific argument. In order to analyze written scientific arguments
produced by each group, the following components were taken into account: the
adequacy and the conceptual quality of the explanation, the quality of the evidence,
and the sufficiency of the reasoning (Sampson et al., 2010). According to the
findings of this study, the students showed better disciplinary engagement and
produced better scientific arguments after the intervention (Sampson et al., 2010).

Furthermore, Kagar and Balim (2018) conducted a study with 32 seventh
graders to investigate the effects of the argument-driven inquiry model on students’
learning in the electricity energy unit. According to data obtained from student
reports, reflective diaries, and answers to the evaluation questions, the Argument-
Driven Inquiry method was found effective in students' conceptual understanding

(Kagar & Balim, 2018).
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Apart from the ADI model, Songsil et al. (2019) also improved rADI (revised
argument-driven inquiry), which is inspired by the ADI model to enhance the
scientific argumentation of students by using socioscientific issues. After applying
rADI, most students developed scientific argumentation skills in most components
(Songsil et al., 2019).

In order to analyze scientific argumentation skills, the open-ended scientific
argumentation test, the reasoning ability test, and the content knowledge tests were
used. According to the results after the rADI model was applied, students in the
treatment group got higher scores than those in the nontreatment group regarding
scientific argumentation skills (Songsil et al., 2019). This model has some key
features, including well-structured tasks, an explanation of the argumentation
process, usage of group discussions, argumentation-focused activities, immediate

feedback, and a safe and respectful environment (Songsil et al., 2019).

2.5 Challenges in scientific argumentation practice
This section discusses the challenges faced by students and teachers during the
practice of scientific argumentation. While literature often emphasizes challenges
faced by students with low prior knowledge, such as difficulty evaluating evidence or
constructing complete arguments (Faize et al., 2017; Lin & Mintzes, 2010), these
findings may not fully reflect the learning needs of high-achieving students. Rather
than struggling with basic argument construction, high-achieving learners often need
support developing deeper reasoning and identifying alternative perspectives (Ho et
al., 2019; Kizkapan & Nacaroglu, 2020).

Apart from the mentioned challenges, another central challenge is the lack of

timely, formative feedback, which is essential to support the argument formation
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process. Delayed feedback may hinder students’ willingness to revise their
arguments or consider alternative viewpoints (Berland & McNeill, 2010; Walker &
Lower, 2019).

In addition, teachers face challenges when instructing scientific
argumentation. These challenges include time constraints, large class sizes, the
complexity of providing individualized feedback, and maintaining a classroom
culture rich in argumentation (Henderson et al., 2017). Accordingly, the following
subsections address two key areas: the instructional needs of high-achieving students,

challenges related to delayed feedback.

2.5.1 Instructional support needs of high-achieving students

According to the study by Wen et al. (2015), students with higher prior knowledge
significantly outperformed students with lower prior knowledge in argumentation
and online argumentation learning (Wen et al., 2015). Similarly, in the study by Ho
et al. (2019), high-achieving students exhibited strong proficiency in identifying
components of scientific arguments; however, similar to their lower-achieving peers,
they encountered difficulties constructing counterarguments. This finding suggests
that even high-achieving students may require instructional support to develop the
ability to consider alternative perspectives (Ho et al., 2019).

Additionally, the research by Lin and Mintzes (2010) revealed that high
achievers can also face challenges in distinguishing between argument components,
such as evidence and reasoning, as well as generating rebuttals. The researchers
recommend providing explicit instruction and contextualized feedback to enhance

students' argumentation skills (Lin & Mintzes, 2010).
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Similar to high achievers, gifted students also often demonstrate advanced
content knowledge and strong reasoning skills; however, their arguments may still
lack depth in specific dimensions. In the study conducted by Kizkapan and
Nacaroglu (2020), although participants were able to construct well-structured
arguments due to their strong content knowledge, their responses often lacked
sociological depth and consideration of broader societal implications (Kizkapan &
Nacaroglu, 2020).

Zhu et al. (2020) found that students with higher prior knowledge were more
likely to revise their arguments after receiving feedback, suggesting a link between
content knowledge and revision behavior. However, prior knowledge alone does not
always lead to meaningful change (Zhu et al., 2020). In a study by Walker and
Lower (2019), university students were reluctant to revise their claims even when
presented with strong counterevidence from peers. This resistance was especially
strong when group members agreed on a claim. Interviews revealed that students
believed claims should only change if entirely new evidence appeared, rather than
reinterpreting existing information. The authors highlighted the need for explicit
instruction to help students understand when and how to revise their arguments
(Walker & Lower, 2019).

In addition to the challenges outlined above, the absence of timely feedback
has also been identified as a significant barrier, often reducing students’ motivation
to revise and improve their scientific arguments (Berland & McNeill, 2010;

Henderson et al., 2017).
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2.5.2 Challenges related to delayed feedback

Since scientific argumentation is inherently a social process involving presenting,
defending, and negotiating ideas with others, students may experience difficulties
producing scientific arguments in written form, where immediate audience feedback
and peer engagement are absent (Berland & McNeill, 2010). In addition to writing
practice, students should be supported with learning environments that encourage
discussion and provide opportunities to give and receive feedback with peers
(Berland & McNeill, 2010). Berland and McNeill (2010) found a clear difference
between the quality of written and spoken arguments. They explained that this gap is
partly due to the lack of an audience in written tasks. In spoken argumentation,
students try to convince others, encouraging them to include rebuttals and use
stronger reasoning. However, students do not get immediate feedback on written
tasks, so they are less motivated to improve their arguments. To help with this, the
authors suggest using simple prompts and regular feedback to support students
during argumentation (Berland & McNeill, 2010). These difficulties highlight the
importance of timely support. In this regard, feedback, particularly its timing,
emerges as a key factor influencing how students construct and refine their scientific
arguments.

The timing of feedback has been shown to significantly influence learning
performance. For instance, Lu et al. (2021) reported that participants who received
immediate feedback outperformed those who received delayed feedback in terms of
knowledge acquisition. Furthermore, studies in the context of language learning have
demonstrated that immediate feedback not only enhances learning outcomes but also
fosters higher levels of motivation compared to delayed feedback (Qun, 2025). In

addition, research by Zhu et al. (2017) indicated that when participants received
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immediate feedback during the scientific argumentation process, they were more
likely to revise and improve their arguments accordingly.

In addition to the challenges faced by students, teachers and researchers also
encounter significant difficulties in implementing scientific argumentation
effectively. Henderson et al. (2017), drawing on findings from discussions at the
NARST conference, highlighted several recurring issues. These include establishing
a classroom culture that values argumentation, offering adequate pedagogical support
during student discourse, and managing the dual demands of formative and

summative assessment within limited instructional time (Henderson et al.,2017).

2.6 Addressing the challenges: Scaffolding and feedback technologies

Students often face challenges in scientific argumentation because they are not
always aware of what they need to know or how to approach the learning process
effectively. To address this, researchers have emphasized the importance of
providing scaffolding, explicit instruction, and immediate feedback to support
students' learning (Jin & Kim, 2021; McNeill et al., 2006). However, in real
classroom settings, simultaneously delivering both scaffolding and formative
assessment can be demanding for teachers due to time constraints and diverse student
needs. As a result, there is a growing need for instructional strategies and educational
technologies to support teachers in managing these demands while allowing students
to progress at their own pace. This section reviews research studies that offer
potential solutions to these challenges, emphasizing two main areas: the role of

scaffolding and immediate feedback in enhancing scientific argumentation.
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2.6.1 The role of scaffolding in supporting scientific argumentation

Scaffolding has been widely recognized in literature as an instructional strategy to
support the development of students’ scientific argumentation skills (Yang et
al.,2022). In their review of the Argument-Driven Inquiry (ADI) model, Kuki et al.
(2023) emphasized that while students could attain certain cognitive competencies by
constructing scientific reports, their ability to formulate well-supported arguments
improved significantly when scaffolding was provided. Integrating guiding questions
was recommended as a practical approach to support students’ reasoning processes
during argument construction (Kuki et al., 2023).

Providing scaffolding plays a vital role in enhancing students’ self-regulation
skills, which contributes to constructing more coherent and scientifically grounded
explanations (McNeill et al.,2006). In their study, McNeill et al. (2006) demonstrated
that incorporating fading scaffolds during the development of scientific explanations,
particularly those involving claim, evidence, and reasoning components, led to
improved performance among seventh-grade students. Fading scaffolds gradually
reduce external support, encouraging students to assume greater responsibility in
their learning. This independence enables them to engage more actively with
scientific inquiry processes, which are foundational to fostering scientific literacy.
The study further revealed that students who received fading scaffolds demonstrated
stronger reasoning in their scientific explanations compared to those without such
support (McNeill et al.,2006).

Similarly, in a case study conducted by Jin and Kim (2021) involving fifth
and sixth graders, researchers explored the impact of argument-focused
metacognitive scaffolds on student argumentation. They utilized techniques such as

questioning, prompting, and modeling of thinking as argument metacognitive

22



supports (AMS). The findings indicated that, with the assistance of AMS, students
enhanced their argumentation skills by gaining a better understanding of the nature
of argumentation. This allowed them to monitor their thinking more effectively.
Consequently, students were able to comprehend the requirements for forming
persuasive and credible arguments (Jin & Kim, 2021).

While scaffolding is essential for developing argumentation skills, the way
they are delivered is also very important. Therefore, the frequency and design of
scaffolding should be adapted to ensure that students utilize them as needed.
Alongside scaffolding, students require formative assessments of their work during
the learning process, which calls for immediate feedback (Henderson et al., 2017).
However, it can be challenging for teachers to provide immediate feedback to every
student. As a result, research has explored technological solutions that offer instant
feedback, such as automated scoring systems and chatbots (Darvishi et al., 2024;
Haudek & Zhai, 2023; Lee et al., 2021; Wang et al., 2024; Zhai et al., 2022; Zhu et

al., 2017, 2020).

2.6.2 The role of immediate feedback provided by automated feedback systems

Zhu et al. (2017) conducted a study with high school students to explore how
scientific argumentation is formed by incorporating an online learning module on
climate change, alongside an automated scoring and feedback system. During the
study, students submitted open-ended responses and received scores and written
feedback from the scoring engine simultaneously. The findings revealed that students
with higher initial scores were more likely to engage in revision activities compared
to those with lower scores. Furthermore, when comparing the final scores, it was

found that students who revised their arguments achieved significantly higher results
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than those who did not. Overall, each revision was associated with an average
increase in the final scores (Zhu et al., 2017).

A study conducted by Zhu et al. (2020) introduced a learning module
designed to teach climate change. This module includes a feedback system that
utilizes automated scoring technologies, allowing students to revise their scientific
arguments until they achieve the desired score. The researchers examined how
student performance and learning gains changed after receiving revisions through the
formative feedback system. Their findings indicated that students with higher initial
knowledge tended to engage in more revision behavior when they received
automated feedback. Additionally, as students revised their arguments, their scores
improved. When comparing different types of feedback, the study found that
contextualized feedback was particularly effective. Furthermore, all students
benefited from immediate feedback on complex components, regardless of their prior
knowledge levels (Zhu et al., 2020).

In several studies, the formation of arguments was integrated into simulation
activities. Simulations allow students to manipulate variables and observe the
resulting effects, thereby fostering an inquiry-based learning environment (Lee et al.,
2021). In their research, Lee et al. (2021) developed an online digital curriculum
module that enables students to interact with simulations while learning about
groundwater systems. With the automated scoring system, students receive
immediate feedback, including their scores and explanatory statements, upon
submitting their answers. The study examined the effects of providing both
simulation and argument feedback compared to offering only argument feedback
(Lee etal., 2021). The findings revealed that students who received both types of

feedback demonstrated significantly higher scores than those who received argument
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feedback alone. Additionally, students who achieved higher scores in the simulations
tended to perform better in their argument scores for one of the tasks. However, it
was noted that fewer than 20% of the students utilized the simulations to their fullest
potential. Furthermore, when the system did not provide simulation feedback,
students often failed to revisit and redo the simulations as needed to refine their
observations and gather better evidence. Thus, this study emphasizes the necessity of
providing specific instructions and guiding questions to enhance the effective use of
simulations (Lee et al., 2021).

Although automated feedback has been shown to promote revision behavior
effectively, the accuracy of this feedback remains a topic for discussion. In a study
by Zhai et al. (2022) involving students in grades 5 to 8, researchers compared the
assessments of written arguments made by a machine using the “Cognitive
Diagnostics Modeling Approach” with those made by human experts. During the
study, the human experts evaluated the students’ responses and subsequently trained
the machine to assess the writing using an algorithm. The results demonstrated a high
level of agreement between the assessments from the experts and those from the
machine (Zhai et al., 2022).

In the study conducted by Haudek and Zhai (2023), which evaluates the
performance of machine learning in the context of scientific argumentation, the
researchers identified that an increase in the complexity and diversity of assessment
tasks correlated with a decline in model performance. Moreover, a negative linear
relationship was observed between the level of task structure and the performance of
the machine learning models (Haudek & Zhai, 2023).

Similarly, the investigation by Wang et al. (2024) focused on the feedback

capabilities of ChatGPT through an analysis of pre-existing assessed argument sets
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derived from undergraduate students. This study aimed to assess the reliability and
credibility of the feedback produced by ChatGPT in comparison to traditional teacher
feedback. The results indicated that ChatGPT achieved a notable precision rate of
91% in providing quantitative feedback, which included metrics such as the number
of rebuttals and the identification of discourse markers. However, its performance in
delivering qualitative feedback about the adequacy of evidence and explanations was
comparatively lower. The findings suggested that several factors, including the
length of the argument, content specificity, and the presence of discourse markers,
influence ChatGPT's efficacy in providing feedback. Notably, as the length of the
argument increased, the performance of ChatGPT exhibited a decline. Furthermore,
when contrasting the feedback from ChatGPT with that of human educators, the
researchers concluded that ChatGPT predominantly produced text-based linguistic
feedback. At the same time, teachers offered feedback that considered the broader
context of student learning. This led to the observation that ChatGPT lacks the
capability to establish coherent logical relationships among extensive information,
resulting in a tendency towards decontextualization. Consequently, the study
advocates for a collaborative approach to feedback in argumentation instruction,
integrating both teacher and GPT feedback (Wang et al., 2024).

Expanding on the efficiency of Al feedback, the research conducted by
Darvishi et al. (2024) explored the impact of Al assistance on student agency during
peer feedback processes. The findings suggested that students utilizing Al prompts
were more inclined to provide specific and detailed feedback rather than superficial
comments. However, in the absence of Al assistance, students encountered
difficulties in replicating the quality and specificity of feedback that Al facilitated

(Darvishi et al., 2024).
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2.7 Affordances of chatbots in supporting scientific argumentation

Recent advances in Al have introduced chatbot technologies as promising tools for
supporting students' scientific argumentation practices, in addition to automated
scoring systems that provide immediate but limited feedback. Automated scoring
systems facilitate revision behavior in students' arguments (Zhu et al., 2020).
However, when students encounter additional questions, they may find themselves at
an impasse due to the lack of an interactive framework (Chang et al., 2023). To
address the challenges associated with scientific argumentation, research suggests
leveraging educational technologies, particularly the capabilities of chatbots.
Consequently, this section explores the benefits of chatbots as highlighted in the
literature.

The integration of chatbots in educational contexts has facilitated a more
interactive learning environment, allowing students to ask questions freely and
receive immediate, in-depth responses. These dynamics foster automated scoring and
continuous interaction (Chang et al., 2023). Importantly, educators are allowed to
monitor individual student participation in various activities. In a pertinent case study
by Chang et al. (2023), the affordances of artificial intelligence chatbots in guiding
inquiry-based activities on sound transmission were explored with gifted fifth and
sixth-grade students. Over three lessons, each lasting 40 minutes, students engaged in
inquiry-based tasks, with the Al chatbot providing tailored responses to their
inquiries. This capability enabled students to adjust their learning processes at their
own pace. Moreover, in group settings, monitoring each student’s contributions can
prove challenging for teachers; however, the integration of chatbot technology
allowed educators to effectively track student interactions through the chatbot’s

conversational records, thereby bridging the interaction gap between groups and
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instructors (Chang et al., 2023). Additionally, students expressed that the Inquirybot
enhanced their understanding of the inquiry activities and procedures (Chang et al.,
2023).

Despite the advantages of chatbot integration for scaffolding and monitoring
processes, some quantitative studies have reported negligible differences in student
outcomes. For instance, Topal et al. (2021) investigated the impact of chatbots on
students’ academic performance and perceptions among Sth graders engaged in a
unit on 'Matter and the Changing State of Matter' via the Telegram platform.
Although the study revealed no significant performance differences between the
treatment and control groups, students reported that the chatbot was useful and
enjoyable. This lack of significant difference did not preclude the treatment group
from demonstrating academic achievement, leading researchers to suggest the
necessity for further studies in face-to-face learning environments, particularly given
that this research was conducted online during the pandemic (Topal et al., 2021).

Furthermore, Yang et al. (2022) conducted a quasi-experimental study that
found no significant differences in conceptual understanding among fifty-five sixth-
grade students engaged in web-based synchronized argumentation. This study
examined conceptual understanding, scientific explanation, and argumentative
behavior through the Claim-Evidence-Reasoning (CER) framework (McNeill, 2006).
Students in the experimental group were provided with scaffolding prompts,
including sentence starters, while their control group generated arguments
independently. The results indicated no significant difference in conceptual
understanding; however, the experimental group outperformed their peers regarding
scientific explanation. Additionally, the experimental group's arguments were more

coherent and evidence-based, contrasting with the control group's challenges in
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collecting relevant evidence. These findings suggest that scaffolding plays a crucial
role in facilitating the construction of evidence-based arguments. Nevertheless, the
study overlooked the quality of arguments produced (Yang et al., 2022).

In a different quasi-experimental investigation by Guo et al. (2023), involving
44 undergraduate students, a chatbot known as "Argumate” was employed prior to
group discussions to enhance students' argumentation skills and task motivation. The
"Argumate"” chatbot provided diverse perspectives and posed questions, encouraging
students to formulate comprehensive arguments. Upon completion of the
conversation, the chatbot generated a mind map to aid students in organizing their
thoughts (Guo et al., 2023). A pre- and post-assignment in essay writing assessed
structural complexity and argument quality in students' argumentation skills. The
findings indicated that participants who utilized the "Argumate” chatbot produced
more organized, substantial, and elaborate arguments. Researchers concluded that the
chatbot effectively encouraged students to support their positions by considering

multiple perspectives (Guo et al., 2023).

2.7.1 Comparison of generative and rule-based chatbots
The studies mentioned utilized rule-based chatbots, which limited student interaction
by restricting feedback to preassigned tasks (Ng et al., 2024). In contrast, the current
study focused on a chatbot designed using generative Al. This section highlights
studies that have employed generative Al-based chatbots.

Ng et al. (2024) conducted a quasi-experimental study to examine the
differences in science knowledge, motivation, and self-regulated learning between
groups that interacted with a generative Al-based chatbot (SRLbot) and those using a

rule-based Al chatbot (Nemobot). The study involved seventy-four secondary school
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students in their fourth year. A single teacher provided instruction on the topic of
"force and motion" as well as guidance on chatbot operations for both groups (Ng et
al., 2024).

After the instruction, pairs of students completed a topic-related task using
the chatbots. The experimental group used the generative SRLbot, while the control
group utilized the rule-based Nemobot. The findings revealed that the SRLbot
offered personalized support and effective self-regulation learning strategies tailored
to students' needs. Additionally, it provided suggestions for further learning
resources and offered guidance through step-by-step solutions and hints throughout
the learning process (Ng et al., 2024).

On the other hand, students with lower levels of content knowledge reported
that they received lengthy responses that did not help them address their conflicts.
Additionally, these students often needed to provide more specific details in order to
receive feedback that would highlight their knowledge gaps. This flexibility makes
generative chatbots less effective for their needs. In terms of results, the SRLbot,
with its generative capabilities, motivated students to reflect on their learning in a

way that resembled interaction with a real teacher (Ng et al., 2024).

2.7.2 Empirical insights into ChatGPT’s educational applications

Recent studies have highlighted the potential of generative Al-based chatbots, such
as ChatGPT, to enhance educational practices through adaptive feedback and flexible
interaction (Ng et al., 2024; OpenAl, 2022). In various instructional contexts,
ChatGPT has been employed as a teaching assistant and a virtual learning
companion, supporting tasks such as lesson planning and student engagement

(Farrokhnia et al., 2023; Okulu & Muslu, 2024). Despite these advantages, research
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has also identified several challenges. These include the tendency of ChatGPT to
provide decontextualized responses and to function more as an evaluator than a
facilitator of deeper thinking, particularly in tasks requiring reasoning and
metacognitive engagement (Su et al., 2023).

In the qualitative study by Okulu and Muslu (2024), ChatGPT was employed
as an assistant in developing lesson plans for pre-service science teachers. The
findings indicate that ChatGPT facilitates the creation of practical course plans and
provides adaptable information, ultimately saving time. Although there were
instances of miscommunication, the researchers found the tool quite effective in the
course planning process (Okulu & Muslu, 2024).

When assessing the overall effectiveness of ChatGPT, a SWOT analysis
conducted by Farrokhnia et al. (2023) highlighted its advantages and disadvantages.
The analysis revealed several benefits, including providing plausible answers, a
capacity for self-improvement, and facilitating individualized and simultaneous
responses. This allows teachers to streamline trivial tasks that consume valuable
time, enabling students to distill information from vast sources (Farrokhnia et al.,
2023).

However, despite its potential benefits, ChatGPT also presents several
notable limitations. One major concern is its inability to demonstrate deep conceptual
understanding or higher order thinking skills, such as analysis, synthesis, or critical
evaluation. This limitation is closely tied to the challenge of evaluating the quality or
suitability of its own responses. The decontextualization of answers can result in
responses that fail to adequately address specific objectives. Furthermore, there are

concerns about biased and discriminatory expressions in their outputs. Lastly,
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ChatGPT also poses a risk of plagiarism, as it may directly reproduce text from
existing studies (Farrokhnia et al., 2023).

Similarly, Zhang and Tur (2023) conducted a systematic review utilizing a
SWOT analysis to examine the use of ChatGPT in K-12 education. Their results
indicate that ChatGPT can support personalized learning and enhance student
motivation and engagement by addressing language barriers. Conversely, they also
identified limitations, including low response quality, task specificity, and a lack of
reasoning abilities (Zhang & Tur, 2023).

A systematic review conducted by Lo et al. (2024) explored the impact of
ChatGPT usage on student engagement by examining various components, including
behavioral, emotional, and cognitive aspects. The review analyzed seventy-two
empirical studies that utilized ChatGPT. From a behavioral perspective, the findings
indicated that students actively engaged with ChatGPT during learning activities,
benefiting from its swift responses and guidance. However, the review also noted
that due to a lack of digital literacy, some students are at risk of committing
plagiarism (Lo et al., 2024).

Regarding emotional engagement, ChatGPT creates an environment where
students feel comfortable asking questions and sharing their problems to receive
advice, thereby allowing them to gain different viewpoints (Lo et al., 2024).
Cognitively, students exhibited an increase in learning outcomes, and personalized
responses from ChatGPT fostered self-regulation. Nevertheless, the tendency for
students to rely solely on ChatGPT's answers without further investigation could
impair their critical thinking skills. The researchers recommended that future studies

focus on students' self-regulation (Lo et al., 2024).
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In a study conducted by Urban et al. (2024), the effects of ChatGPT on self-
regulation and self-efficacy were examined through a complex creative problem-
solving task. The study involved 77 university students in the treatment group, who
utilized ChatGPT to solve problems, and 68 students in the control group, who
worked without it. The findings indicated that ChatGPT significantly enhanced
students' self-efficacy in task resolution and improved the quality, elaboration, and
originality of their solutions. Participants in the treatment group reported finding the
tasks easier and expended less mental effort than those in the control group. The
researchers proposed viewing ChatGPT as a provider of metacognitive cues rather
than as a mere assistance tool (Urban et al., 2024).

In a separate exploratory study, Kim et al. (2024) investigated the impact of
ChatGPT on the writing outcomes of undergraduate engineering students tasked with
composing lab reports. The seven participants rewrote their lab reports using
ChatGPT after familiarizing themselves with the tool. The study concluded that
ChatGPT could effectively serve as a revision tool, enhancing the quality of lab
reports and fostering a better understanding of the lab report genre among

engineering students (Kim et al., 2024).

2.7.3 Challenges in the educational use of ChatGPT

However, several studies have reported limitations in ChatGPT’s ability to support
reasoning and contextual understanding, which has led to miscommunication in
educational settings. Su et al. (2023) investigated the applicability of ChatGPT as a
tool for evaluating argumentative writing. Their study focused on how ChatGPT
assesses students’ contributions concerning argumentative discourse’s linguistic,

structural, and dialogic dimensions. The findings indicated that while the
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argumentation structure was effectively rendered in GPT's responses, the model was
insufficient in evaluating the quality of the arguments. ChatGPT exhibited teacher-
like characteristics when provided with a rubric; however, the feedback offered was
limited and necessitated further elaboration. If users did not pose questions regarding
the feedback, the dialogic aspect of the argumentation faltered. Furthermore,
ChatGPT lacked the capacity to ask guiding questions, leading to a tendency to
deliver evaluative statements rather than fostering critical thinking among students
(Su et al., 2023).

Conversely, from the user's perspective, ChatGPT was perceived as an
effective educational tool. Research conducted by Pasca and Arcese (2024) explored
user perceptions of ChatGPT concerning its opportunities and challenges within
educational contexts. Interviews revealed that users regarded ChatGPT as a resource
that simplifies tasks and enhances efficiency. Nevertheless, participants expressed
concerns about the reliability of the information provided and the non-empathic
nature of ChatGPT's responses (Pasca & Arcese, 2024).

Despite the potential of ChatGPT to offer metacognitive scaffolding, it fell
short in generating responses that aligned with the recipient's comprehension level.
In a study by Urhan et al. (2024), the participant was an undergraduate student
majoring in mathematics education. The researchers examined the use of ChatGPT
as a discourse tool within a calculus framework. The participant initially solved a
mathematical problem on paper, subsequently articulated the solution verbally to the
researchers, and then engaged in dialogue with ChatGPT. Following the
conversation, the participant revisited the initial written work. The researchers
primarily focused on the warrant component of the discourse. Findings indicated that

ChatGPT was unable to provide consistent and reliable support for the participant's
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reasoning process. Additionally, the student encountered challenges in understanding
ChatGPT's responses due to contextual disparities. Consequently, the model's
communication style hindered the student’s ability to benefit from the interactions

(Urhan et al., 2024).

2.7.4 Empirical studies done with the POE Al platform

Recent advancements in Al have enabled the development of chatbots capable of
generating natural language conversations by drawing on specific knowledge sources
without requiring programming expertise. While many large language models
(LLMs)-based and task-oriented (TOD) chatbot platforms provide such functionality,
they are often subscription-based and inaccessible to the broader public. In contrast,
the POE Al platform is freely available and allows users to build customized
chatbots by integrating various models and tools (Lee et al., 2024).

Given the researcher’s lack of programming experience, POE was selected
for its user-friendly interface and ability to generate pedagogically appropriate
dialogues in specific educational contexts. Through POE, the researcher could design
a context-specific, teacher-like generative chatbot by tailoring its prompts and
operational rules. In a quasi-experimental study by Lee et al. (2024), high school
students perceived POE-based chatbots as useful tools in foreign language education.
They reported high levels of motivation while interacting with them.

Similarly, in a study conducted by Wu and Xu (2025) involving 519 Japanese
upper-intermediate EFL learners, the results indicated that the POE and Gemini
chatbots significantly enhanced students’ writing skills. Moreover, participants
reported a boost in academic self-efficacy and expressed that they felt less boredom

during writing tasks. Qualitative findings also revealed increased engagement,
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autonomy, and motivation among students in their English language learning (Wu &
Xu, 2025).

Although these studies highlight the promise of POE in language learning,
there is currently no research that explores its integration into scientific
argumentation contexts. The present study addresses this gap by employing POE to
develop a generative Al chatbot tailored to scaffold students’ written scientific
arguments.

Unlike traditional automated feedback systems, which often lack
interactivity, or rule-based chatbots that restrict responses to predefined prompts,
generative Al chatbots such as ChatGPT allow students to pose open-ended
questions and receive adaptive feedback (Farrokhnia et al., 2023; Lo et al., 2024; Ng
et al., 2024; OpenAl, 2022). However, existing findings also point to limitations,
such as decontextualized or overly complex responses that may not align with
students' cognitive levels (Su et al., 2023). To mitigate these concerns, the researcher
designed the POE-based chatbot using carefully crafted prompts to ensure that
responses remain contextually relevant and pedagogically appropriate for middle

school learners.

2.8 Summary

The amount of greenhouse gases has reached a critical level, resulting in irreversible
consequences; therefore, there is a need for public action that changes the existing
situation by keeping the amount of gases at a certain level (Jay et al., 2023).
However, creating a public action necessitates education about socio-scientific
issues, including the greenhouse effect and global warming (Gautier, 2012). While

educating about socio-scientific issues, students can gain scientific literacy, which
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encompasses the evaluation of evidence and relates this evidence to scientific
explanation and understanding of scientific processes. To make students who can
evaluate evidence and support their claims considering scientific explanations,
scientific argumentation is an effective way and can be taught through practice rather
than instruction (Driver et al., 2000; Lieskovsky & Sunyik, 2022). Scientific
argumentation practice needs inquiry and discussion environments where students
collect and evaluate data obtained and discuss their findings with others while
forming explanations; therefore, students can experience scientific processes vital for
scientific literacy (Bachtold et al.,2022; Hendratmoko et al., 2023). Since the stages
of the argument-driven inquiry model consist of discussion and inquiry activities, the
study implemented a learning module designed based on the ADI framework
(Sampson et al., 2010).

According to the literature, during scientific argumentation, several
challenges may occur, stemming from the absence of immediate feedback and the
need for instructional support (Berland & McNeill, 2010; Henderson et al., 2017;
Wen et al., 2015; Walker & Lower, 2019). While most studies emphasize the
support needs of low-achieving students, high-achieving students also require
instructional guidance, especially in constructing deeper reasoning, developing
counterarguments, and exploring alternative perspectives (Ho et al., 2019; Kizkapan
& Nacaroglu, 2020). To eradicate these challenges during scientific argumentation,
the literature suggests using chatbots and automated scoring systems (Chang et al.,
2023; Zhu et al., 2020). Even though auto-scoring systems provide immediate
feedback, they lack interaction and prohibit students from asking further questions
about the topic (Chang et al., 2023). Regarding chatbots, rule-based ones restrict

students to a specific pathway, which may inhibit students’ efforts to close the
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knowledge gap or ask curiosity questions (Ng et al., 2024). On the other hand, when
generative Al-based chatbots are used, students can ask more questions and get
detailed feedback based on their individualized product (Lo et al., 2024).

Despite the advantages of chatbots in education, challenges such as
decontextualization and overly complex responses have been noted, particularly with
ChatGPT (Urhan et al., 2024). Moreover, many recently developed chatbots using
generative Al lack pedagogical alignment, requiring specific prompting to respond in
teacher-appropriate language using targeted knowledge sources (Urhan et al., 2024).
Recent advancements, such as the release of POE, have introduced chatbot interfaces
that facilitate natural language conversations by drawing on specific knowledge
sources without programming, with some studies exploring their use in foreign
language education (Lee et al., 2024; Wu & Xu, 2025). Despite these advancements,
no research exists on teaching the greenhouse effect through scientific argumentation
with chatbot integration at the middle school level.

This study aims to explore how a learning module designed based on the ADI
instructional model with generative Al integration facilitates sixth-grade students'
written scientific argumentation quality in the greenhouse effect topic, the nature of
their interactions with a chatbot, and reveal their perceptions on the learning

experience.
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CHAPTER 3

METHOD

This study aims to explore how a learning module designed based on the Argument-
Driven Inquiry (ADI) instructional model with generative Al integration enhances
sixth-grade students' written scientific argument quality in the context of the
greenhouse effect topic and their perceptions of this experience. This section consists
of the research design, participants, and context of the study, as well as data sources,

data collection, data analysis, and trustworthiness.

3.1 Research design

A case study is a type of qualitative research design that aims to illuminate a
phenomenon, benefiting from an inductive approach. It aims to reach a final product
that is richly descriptive (Merriam & Tisdell, 2015). Besides, a case study also
consists of a bounded system as a unit of analysis, necessitating uniqueness.
Therefore, it makes it obligatory to conduct the study in a specific context and with
participants. Therefore, a case study is an in-depth analysis of a bounded system
(Merriam, 2009). Since this study aims to understand and explore the interaction
between students and the chatbot during the scientific argument formation process in
a classroom setting and students’ understanding of this experience, its nature
overlaps with the qualitative case study research design. Furthermore, the unit of
analysis consists of a bounded system in a bounded time interval, for a specific
situation; therefore, this study was designed as a case study (Merriam & Tisdell,

2015).
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3.2 The case

The study took place after regular school hours at a public middle school in Mersin,
Turkey, which serves economically disadvantaged students and lacks a computer lab,
during the fall semester of the 2024-2025 academic year. This study aimed to explore
how a learning module designed based on the ADI framework with generative Al
integration facilitates improvement in sixth-grade students’ quality of scientific
arguments in the context of the greenhouse effect and their perceptions of this
learning experience.

The study involved five sixth-grade students, selected through purposeful
sampling to determine participants, since purposive sampling provides in-depth
exploration of the research context (Gay et al., 2011). Five students were selected
purposively based on their achievement levels in science classes. Consequently, five
high achievers were selected, representing the top five students in terms of academic
achievement. The small sample size allowed for exploring students' interactions with
a chatbot. All participants had previously participated in a pilot study, conducted
with a group of fourteen sixth-grade students, which introduced them to the concept
of scientific argumentation and the use of chatbot technologies, such as ChatGPT, for
constructing arguments in the greenhouse effect context. Thus, students became
familiar with the study’s expectations and tools. Based on the insights gained from a
pilot study with fourteen students, which revealed inefficiencies in facilitating group
work with the chatbot, the main study shifted focus to individual engagement with
the module, specifically emphasizing the written argumentation phase of the ADI
model.

The study focused on sixth-grade students as the primary participants due to

both curricular relevance and developmental appropriateness. While the term
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"greenhouse effect” is not explicitly stated in the sixth-grade science learning
objectives, the curriculum consists of concepts such as the disadvantages of fossil
fuel use and the promotion of renewable energy sources. These topics implicitly
introduce students to the broader idea of human-induced environmental change,
thereby offering a meaningful context to explore climate-related scientific
argumentation. Additionally, their prior knowledge of temperature, heat, and energy
forms a conceptual foundation that can be extended toward understanding more
complex phenomena such as the greenhouse effect. Additionally, fostering
environmental awareness is a key objective of the national curriculum. Integrating
this goal with instructional practices that emphasize evidence-based argumentation
offers an effective means to support students’ cognitive and ethical development
concerning environmental issues.

The study was conducted in a classroom setting after regular lesson hours.
The researcher, also serving as the science teacher, provided the necessary
technological devices to the participants using her personal resources. Each
participant engaged with the learning module individually. Following the completion
of the simulation, observations, and text reading activities, participants informally
shared and discussed their findings with one another while remaining seated in the
classroom setting. Due to contextual limitations, including inefficiencies in chatbot
interactions observed during the pilot study, the first five stages of the ADI model
were implemented, necessitating individual participant engagement.

Consequently, the study focused exclusively on the written argumentation
phase of the Argument-Driven Inquiry (ADI) model. The primary aim was to explore
the development of written argument quality and to analyze participants’ interactions

with the chatbot in an individual context.
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Throughout the process, the researcher provided guidance by informing
participants about each phase, addressing their questions, and offering technological
support as needed. Additionally, the researcher monitored the chatbot outputs to
identify and address any issues that arose during the conversations. Besides, she
posed guiding questions to the participants during the implementation of the learning

module to support the learning process.

3.2.1 Participants

The researcher, having attended the participants’ lessons for two years as their
science teacher, was well-acquainted with their competencies and academic
backgrounds. In selecting participants, the researcher prioritized academic
achievement as the primary criterion. The academic achievement was significant
because scientific argumentation in the greenhouse context is related to other
scientific concepts learned in previous years. This section provides general
information about the characteristics of the participants, as observed by the
researcher in her role as their teacher over two years.

Ruby

Ruby ranks among the top five achievers in her class. However, while she
demonstrates commendable academic performance, her success does not equate to
that of her peers who excel at a higher level. This observation is supported by her
academic records and the insights provided by her teachers. She generally exhibits
inconsistent attendance in class and sometimes responds to questions posed by the
teacher in the classroom. Consequently, it was strongly anticipated that she would

require assistance from the researcher to engage with the chatbot during the study.
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Angelia

Angelia, a high-achieving student in science lessons and has consistently
demonstrated active participation in science lessons. Her curiosity about science-
related topics and enthusiastic approach to learning new information were evident
throughout the previous class sessions before the module. Teachers who participated
in Angelia’s lessons shared that she demonstrates self-regulated learning by posing
insightful questions across multiple subjects. This behavior reflects her capacity to
take initiative in her own learning process. Given this background, it was anticipated
that she would effectively address chatbot-related challenges by posing questions,
despite lacking prior experience with generative

Emily

Emily has been identified as a high-achieving student across all subjects, based on
her academic performance and observations by both teachers and the researcher over
a two-year period. Emily tends not to pose questions in class; however, she
consistently demonstrates a keen interest in responding to questions posed by the
teacher. Given this background, it was anticipated that she would require teacher
assistance to effectively interact with the chatbot during the study.

Rose

Rose, the highest-achieving student among the sixth graders with the top academic
average, has consistently engaged actively in classroom activities across all subjects,
as evidenced by her academic record and teachers’ observations. Rose tends not to
pose questions in class but demonstrates eagerness to respond to questions posed by

the teacher.
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Micheal

Micheal has been classified as a high-achieving student, based on academic records
and teachers’ observations. Over a two-year period, the researcher observed that
Micheal exhibits strong motivation and curiosity, particularly in science topics, often
asking probing questions to deepen his understanding. Consequently, it was
anticipated that he would actively engage with the chatbot by posing questions to

explore the topics further.

3.2.2 Pilot study

In the pilot implementation, a total of fifteen sixth-grade students received explicit
instruction on the nature of scientific argumentation and how to interact effectively
with a generative Al chatbot. To reinforce this foundational training, the same group
of students participated in a structured learning module developed in alignment with
the Argument-Driven Inquiry (ADI) framework. The module aimed to facilitate
students’ understanding of the greenhouse effect through the practice of scientific
argumentation and guided chatbot interaction. The module comprised four ADI-
based learning activities: a greenhouse effect investigation, a simulation-based
exploration, a peer feedback session on group-generated arguments, and a guided
interaction with a generative Al chatbot. All activities were integrated into regular
lesson hours and conducted over a two-week period, with students working in
collaborative groups of five. Prior to the module, students were introduced to the
objectives and structure of the learning activities and received targeted training on
both scientific argumentation and the operational use of the chatbot. Each activity
was designed to last approximately 40 minutes. Table 2 outlines the timeline of the

pilot implementation.
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Table 2. Timetable for Pilot Study

Time Activity Duration

Interval

Session 1 Scientific Argumentation Formation Practice with Generative Al 40
(Training) minutes

Session 2 Greenhouse Activity and Scientific Argument Formation with the chatbot 40

minutes
Session 3 Scientific Argument Formation with Greenhouse Effect Simulation and 80

Revisions of Groups’ Scientific Arguments based on Classmates' and the  minutes

Chatbot Feedback

3.2.2.1 Changes in the design of the module based on the pilot study

Following the implementation of the pilot study, several issues were identified that
necessitated revisions to the instructional design. Accordingly, the ADI framework
was modified, focusing on certain steps in response to challenges observed during
chatbot interactions. Additionally, the chatbot prompts were refined, and the
chatbot’s responses were further constrained to improve relevance and coherence.

This section explains the reasons for these changes based on the outcomes observed.

3.2.2.2 Change in the instructional model

The pilot study revealed several implications for refining the instructional model. It
was observed that not all stages of the Argument-Driven Inquiry (ADI) instructional
model functioned effectively within the given classroom context. Specifically,
students exhibited reluctance to evaluate their peers’ work and lacked the necessary
skills to provide constructive peer feedback. Consequently, “identification of the

29 < % ¢¢

task”, “generation of data”, “production of a tentative argument”, “argumentation”,
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and “‘creation of a written investigation report” stages of the ADI framework were
implemented.

In addition to these issues, the implementation of group work presented
significant challenges in terms of equitable access to chatbot interaction. Due to
limitations in technological resources, students were required to share a single
computer within groups of five. As a result, high-achieving students often dominated
the interaction with the chatbot, leading to an unbalanced distribution of
participation. To address this limitation and ensure equitable engagement, individual
chatbot interactions were adopted for the main study.

Thus, the ADI framework was only partially implemented. The revised
module included the following stages: identification of task, generation of data,
production of tentative argument, argumentation, and creation of investigation report.
The argumentation stage was implemented via a chatbot rather than group work.
Each student shared their initial argument and got feedback on it. Furthermore, the
pilot study highlighted students’ difficulty in constructing arguments based solely on
numerical data without additional contextual support. To overcome this issue, text-
based materials were provided during the main study to serve as a knowledge source,
enabling students to better engage with the content and construct informed

arguments.

3.2.2.3 Changes in the design of the chatbot

In the pilot study, student interactions with the chatbot revealed that it did not
provide specific feedback, and the responses tended to be overly lengthy. As a result,
the prompts were revised. To enhance the specificity of the responses, feedback

prompts developed by Zhu et al. (2017) were incorporated (see Appendix A for the
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revised written prompts). Additionally, feedback sentences were introduced to ensure

consistent responses in similar situations.

3.2.2.4 The final design of the chatbot

In this study, the POE interface was favored due to its capabilities for integrating
various generative Al models and enabling the upload of content-specific documents
without requiring any programming expertise (Lee et al., 2024). Moreover, it is
freely accessible for public use. These features facilitated the design of a chatbot that
was both pedagogically sound and tailored to the cognitive and language levels of
middle school students. Consequently, the chatbot was developed using the GPT-40
model to assist sixth-grade students in constructing scientific arguments regarding

the greenhouse effect.
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Figure 1. Participant interface in POE

To ensure that the chatbot provided contextually appropriate responses aligned with
middle school students' cognitive and linguistic levels, it was configured using a

content-specific knowledge base focused on the greenhouse effect (see Appendix B).
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In addition to this knowledge source, detailed prompts were given to guide the
chatbot’s use of scientific language, control response length, and define its
instructional role. For example, the chatbot was assigned the persona of a “science
teacher with experience teaching middle school students” to create a comfortable and
supportive environment for learners. Additionally, the CER (Claim, Evidence, and
Reasoning) framework proposed by McNeill et al. (2006) was explained to the
chatbot, accompanied by evaluation rubrics provided in Appendix C.

A pilot study was conducted to create an environment that familiarizes
students with generative Al. In this study, students worked in groups and collectively
discussed their experiences, enabling them to engage in additional learning activities
involving Al (Heeg & Avraamidou, 2024). Additionally, the pilot study facilitated
the identification of challenges that participants and researchers may encounter. This
insight allowed for the subsequent redesign of the chatbot to address and mitigate
these challenges effectively. Observations from the pilot study indicated that the
chatbot delivered responses in a cumulative manner rather than addressing each
argument component individually, which caused confusion among students.
Additionally, the responses were often too lengthy, despite the chatbot being
instructed to limit feedback to no more than 30 words.

To address these issues and ensure consistency in responses, feedback
prompts were adapted from the work of Zhu et al. (2017). For example, if evidence is
present but lacks clear reasoning, the chatbot is prompted to ask, “You provided
evidence for your claim. Can you explain how or why this evidence supports your
claim?” Conversely, when reasoning is supplied without accompanying evidence, the
prompt would be, “You’ve provided scientific reasoning to support your claim. Can

you include evidence to back up your reasoning?”’ Before implementing these
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changes, the researcher interacted with the chatbot to monitor and refine its responses
(see Appendix D for an example of a conversation conducted by the researcher
before and after the pilot study).

Overall, the researcher considered several criteria in the chatbot’s design,
including pedagogical appropriateness, compatibility with the students’ level,
structured feedback, response length, sources of knowledge, and the teaching of

evaluation criteria.

3.3 Data sources
The qualitative data were collected through students’ worksheets on scientific
argumentation templates, reasons for chatbot response selection, and perceptions of

chatbot experience and chatbot conversation output.

3.3.1 Scientific argument template

The template was initially created for collaborative work during the tentative
argument phase of the ADI teaching model developed by Sampson and Schleigh
(2013). This template was chosen for its ability to foster connections among the
components of arguments and its compatibility with McNeill’s scientific
argumentation framework. For this study, the template was enhanced by
incorporating guiding questions to support students in constructing their scientific
arguments. Before the application, the researcher consulted with an expert to utilize
the template to develop scientific argumentation. During the learning module,
participants engaged with the text and responded to guiding questions, which
allowed them to form their initial arguments using the scientific argument template

(see Appendix E). They also refined their arguments by leveraging the same
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template. This template includes components for claims, evidence, and reasoning,
with students expected to find answers to the guiding questions for each component.
To evaluate participants’ arguments, their initial and revised arguments were
analyzed using the rubric developed by McNeill et al. (2006). In this rubric,
participants' argument components can be assigned levels 0 to 2. In each session,

students formulated two arguments: an initial argument and a revised argument.

3.3.2 Chatbot conversations

The chatbot was configured using a content-specific knowledge source (see
Appendix B) prepared by the researcher and was guided with prompts (see Appendix
A) to generate pedagogically appropriate feedback in language suitable for middle
school students. Following the construction of their initial arguments, participants
engaged with the chatbot. They were provided with example prompts to guide their
interactions, which they adapted based on the nature of their questions. They were
also encouraged to pose their own questions, provided they remained within the
context of the greenhouse effect. Accordingly, participants’ entries were analyzed
qualitatively by their purpose (e.qg., asking for guidance or feedback), and the
chatbot’s responses were evaluated in terms of the function they served and their
contextual appropriateness. Additionally, the quality of the chatbot’s responses was

evaluated.

3.3.3 Perception form
Participants’ perceptions of the chatbot’s effectiveness in supporting their scientific
argumentation were explored through seven open-ended questions, which aimed to

explore participants’ chatbot experience during the scientific argument formation
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process administered at the end of each session in perception forms (see Appendix
F). For example, the participants were asked the following question: “When you
corresponded with a chatbot, did the feedback and answers make it easier for you to
write your arguments?” These questions, adapted from Chang et al. (2023), were
tailored to the specific context of the learning module and aimed to capture students’
reflections on their interaction with the chatbot and their engagement in argument
construction. The responses provided insights into individual experiences and helped
reveal how students interpreted and evaluated the chatbot’s role in their argument

formation process.

3.4 Data collection
At the outset of the research, ethical approval was obtained from the Ethics
Committee in Social Sciences and Humanities (SOBETIK) of Bogazi¢i University
(see Appendix G). Following this, the necessary permissions were secured from the
Ministry of National Education (MoNE) (see Appendix H). The learning module
titled Scientific Argumentation via Generative Al was introduced to a sixth-grade
class in a public middle school. VVolunteer students who were identified as high
achievers were selected to participate in the study. Teachers and school
administrators were informed about the research objectives, and informed consent
was obtained from both students and their parents (Appendices | and J).

The study was conducted in a public school setting. Prior to implementation,
a pilot study was carried out with fourteen sixth-grade students to explore how
students interacted with the chatbot and to identify areas for improvement. Given the
lack of existing research on the integration of generative Al in teaching scientific

argumentation within the context of the greenhouse effect, this pilot was critical for
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refining the research design. Based on observations from the pilot, necessary
revisions were made to the module structure and chatbot prompts.

The main study, consisting of three sessions, was conducted with five sixth-
grade students. Each session followed the same instructional flow and lasted
approximately 120 minutes. During the sessions, participants explored the
consequences of the greenhouse effect, including rising global temperatures, melting
ice, and sea level rise. Based on their investigations, they constructed scientific
arguments.

Each session began with participants exploring a digital simulation and
reading a short text related to a specific consequence of the greenhouse effect. They
then constructed an initial written scientific argument. Next, participants were
provided with a list of example prompts to guide their chatbot interactions. Using
these prompts or their own inquiries, they engaged in a conversation with the
generative Al-based chatbot. After the chatbot interaction, participants revised their
scientific arguments based on the feedback. At the end of each session, students also
responded to a set of open-ended questions designed to elicit their perceptions of the
learning module. The overall structure of the three-week module is presented in

Table 3.
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Table 3. General Plan of the Learning Module

Time Related ADI Stage  Activity Duration  Data
(minutes)
Identification of Introducing the 10 No data
Task Task
16.12.24 The Generation of ~ Simulation 15 No data
(Session 1- Effect  Data Interaction with
on Temperature WS
Rise)
The Generation of ~ Text Reading and 15 No Data
23.12.24 Data WS
(Session 2- Effect
on Melting Ice) ] o o
Formation of Scientific 25 Scientific Argument
Tentative Argument Quality
Arguments Formation
30.12.24
(Session 3- Effect . . . .. ,
on Sea Level Rise) Argumentation Chatbot interaction 20 Partlclp_ants
Interaction Purposes,
Chatbot’s Functions,
Chatbot’s
Response Quality
Creation of Second Scientific 25 Scientific Argument
Investigation Report Argument Quality
Formation
Perceptions about 10 Perceptions about

Learning Module

the Chatbot
Experience

3.4.1 Implementation of Session 1- Results of the greenhouse effect on temperature

rise

At the beginning of the session, the researcher informed the participants about the

structure and objectives of the study and initiated a brainstorming activity to activate

prior knowledge regarding the greenhouse effect. Subsequently, the implementation

of the learning module (see Appendix K) was initiated. Technological devices,

including laptops and tablets, were distributed to ensure that each participant had

individual access to a device. Participants were instructed to explore NASA’s

“Climate Time Machine” simulation, manipulating time intervals to observe global
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temperature changes over the years. They recorded their observations on a worksheet
and responded to guiding questions designed to support data interpretation.
Following the investigation, participants shared and discussed their findings with the
group.

Next, they were provided with a text containing scientific explanations
related to the impact of the greenhouse effect on temperature rise. Participants read
the text and completed the accompanying worksheet. Drawing on data from both the
simulation and the reading material, they constructed their initial scientific arguments
using a structured template.

Following this, participants accessed the generative Al-based chatbot
interface via the researcher’s POE account on their devices. The chatbot had been
trained by the researcher to simulate a middle school science teacher by drawing on
the provided knowledge source, ensuring responses remained aligned with the
scientific context.

Before beginning their interaction, participants received a set of suggested
prompts (see Appendix L) to guide their conversation; however, they were also
required to pose at least two original questions of their own, in addition to using the
given prompts (see Appendix M for participant interface). During the interaction, the
researcher reminded participants to critically reflect on which chatbot responses
influenced their thinking and potential revisions.

After completing their interactions with the chatbot, participants revised their
initial arguments, resulting in the development of second versions of their scientific
arguments. As a final step, they responded to open-ended perception questions (see

Appendix F) to reflect on their experiences with the chatbot and the learning module.

54



3.4.2 Implementation of Session 2- Effect on melting ice

In Session 2, the same instructional procedure was followed as in the previous
session. However, the focus of this session shifted to the examination of ice sheet
melting. Participants interacted with a simulation illustrating changes in global ice
coverage over time and recorded their observations. Subsequently, they were
provided with a text containing relevant information, including potential claim,
evidence, and reasoning components related to the effects of global warming on ice
sheet melting. Following the reading activity, the same steps as in Session 1 were
implemented, including initial argument construction and their revisions, chatbot

interaction, and perceptions.

3.4.3 Implementation of Session 3- Effect on sea level rise

In the third session, the same instructional structure and materials used in the
previous sessions were applied. To initiate the activity, participants were prompted to
establish a connection between the melting of ice sheets and the resulting rise in sea
levels. Subsequently, they accessed the Sea Level Risk Map simulation and explored
how sea level rise of varying magnitudes could affect city centers across different
regions. Following the simulation, participants engaged in a discussion on the
potential global consequences of rising sea levels.

After the discussion, a content-specific text was provided, which included
information structured around possible claims, evidence, and reasoning (CER)
components related to the impact of global warming on sea level rise. Participants
read the text individually and responded to guiding questions in writing. The
remaining instructional steps were conducted in accordance with the procedure

established in the previous sessions, including initial argument construction,
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interaction with the chatbot, argument revision based on chatbot feedback, and

completion of the perception form (see Appendix F).

3.5 Data analysis

This section analyzes the quality of participants’ written scientific arguments, their
interactions with the chatbot, and their responses on perception forms regarding the
chatbot experience.

With the scope of this study, the researcher collected three separate data sets
to explore changes in the quality of scientific arguments and interactions with
chatbots. Since data on argument quality and students’ perceptions were printed
material, the researcher transferred these data to digital text material and translated
them into English.

This study aims to explore a phenomenon that has not been previously
investigated, leading to the use of inductive thematic analysis since there were no
pre-determined codes available. Data-driven codes and categories began to emerge
during the analysis process (Fereday & Muir-Cochrane, 2006). The researcher
utilized Excel for open coding to develop codes and assign them accordingly. The
analysis was guided by the thematic analysis method, which involved identifying,
analyzing, and interpreting meaningful patterns in the collected data (Clarke &
Braun, 2016). As codes were developed and linked to relevant themes to enhance
understanding of the chatbot experience, the steps of the inductive approach were
strictly followed (Fereday & Muir-Cochrane, 2006). Throughout the coding process,

the researcher consulted with an expert in the field to ensure rigor.
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In this study, four distinct data sets were gathered to address the research
questions. The methods of data collection and analysis are detailed in Table 4,

presented as a data collection matrix.

Table 4. Data Collection Matrix

Main Research Questions Data Collection Data Analysis
1. How does the quality of the scientific arguments Participants’ Scientific Scoring based
written by sixth-grade students in the context of the Argument Templates on McNeill et
greenhouse effect improve during their interaction al. (2006)

with the learning module?

2. How do students interact with a specifically
designed chatbot to develop their arguments during

the learning module? Thematic

i. For which purposes do students use the chatbot in Chatbot Analysis -Open
the context of the scientific argument formation Conversation Logs Coding
process?

ii. Through which functions does the chatbot respond
to students' requests in the context of the scientific
argument formation process?

iii. What is the quality of chatbot responses in
facilitating scientific argumentation?

3. What are the students' perceptions of the Participants’ Perceptions  Thematic
effectiveness of the chatbot for developing their via Perception Form Analysis- Open
arguments? Coding

3.5.1 The analysis of the first research question
In order to analyze the collected data for the first research question (How does the
quality of the scientific arguments written by sixth-grade students in the context of
the greenhouse effect improve during their interaction with the learning module?)
participants’ scientific arguments were analyzed based on the rubric developed by
McNeill et al. (2006).

The Claim-Evidence-Reasoning (CER) framework was preferred, as it is
considered developmentally appropriate for the target age group. Although other

argumentation frameworks, such as Toulmin’s model, incorporate components like
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rebuttals and counter-arguments, these were not emphasized in the present study due
to their higher cognitive demands, which may not align with the developmental level
of sixth-grade participants. Furthermore, interaction with the chatbot during the pilot
study revealed that the chatbot did not generate guiding questions prompting the
construction of rebuttals or counter-arguments. Instead, it predominantly provided
information and evaluative feedback. As the development of rebuttals requires more
detailed and targeted prompting, and such scaffolds were not embedded in the
current study design, the focus remained on the core CER components.

Scientific arguments from participants were gathered at two points in each
phase, allowing the researcher to compare the quality before and after the interaction.
Changes in component levels were also tracked individually to identify which
aspects of argumentation (e.g., reasoning vs. evidence) showed the most
development. The arguments were categorized as Level 0, Level 1, and Level 2
based on the argument components, which included claim, evidence, and reasoning
utilizing the rubric developed by McNeill et al. (2006). Instances where participants
confused these components were labeled as Level 0. Additionally, even if a
participant formed a claim that was categorized as Level 0, other components could
still be assigned to Level 2 if the other components were sufficiently robust on their
own (see Appendix C). To ensure consistency, an expert independently evaluated a
randomly selected sample of arguments. The results were discussed to resolve any

discrepancies and reach a common understanding.

3.5.2 The analysis of the second research question
To analyze the data pertaining to the second research question (How do
students interact with a specifically designed chatbot to develop their arguments

during the learning module?), three sub-questions were constructed, and data were
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analyzed accordingly. These sub-questions are “For which purposes do students use
the chatbot in the context of the scientific argument formation process?”, “Through
which functions do the chatbot respond to students' requests in the context of the
scientific argument formation process?”” and “What is the quality of chatbot
responses in facilitating scientific argumentation?”

In order to explore participants’ interactions with the chatbot, conversation
logs were exported to Excel and analyzed using open coding. The researcher
generated codes focusing on three dimensions: the purpose of interaction, the
function of the chatbot, and the quality of its responses. Thematic analysis was
conducted following the steps outlined by Braun and Clarke (2006).

Accordingly, the researcher familiarized herself with the data, generated
initial codes, organized them into relevant themes, and reviewed the coherence of
these themes. As a result, three overarching dimensions were identified and
categorized into 16 specific categories. Table 5 presents the distribution of these

categories across the identified dimensions.
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Table 5. The Distribution of Categories in Different Aspects of Chatbot
Conversation Logs

Aspects of Chatbot Interaction Categories

Participants’ Purposes Asking for guidance

Asking for feedback

Asking for general information
Requesting revision of the given response
Asking questions out of curiosity

Asking for summarizing

ok wbdE

Chatbot’s Function Providing guidance

Providing feedback

General information for inquiry
Revising the response

Answering the curiosity questions

Providing summary

ocouk~kwbdE

Suitable for context and correct

Out of context

Complex response integrating more than one component
Lack of feedback

Confusion among the elements of arguments

Chatbot’s Response Quality

agpwNE

3.5.2.1 Analysis of participants’ purposes for interacting

Participants’ purposes for interacting were defined as their reasons to interact with
the chatbot while constructing their scientific arguments. To investigate this
dimension, the researcher addressed the following sub-research question: “For which
purposes do students use the chatbot in the context of the scientific argument
formation process?” Their conversation logs were systematically analyzed to explore
participants’ purposes for using the chatbot. The researcher reviewed the logs
multiple times to identify the reasons behind participants’ interactions with the
chatbot. Open coding was applied to the conversation logs. During initial coding,
participants’ prompts were labeled according to their intended purpose, such as
asking for feedback on a claim or requesting guidance for constructing reasoning.

These initial codes were then clustered into broader categories representing common
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interaction purposes, such as “asking for feedback” or “asking for guidance”. In the
theme review phase, overlapping or closely related categories were merged; for
instance, “requesting revision” and “disagreeing with the given feedback” were
combined under a single category. The final set of categories representing students’
purposes for chatbot interaction emerged as follows: asking for guidance, asking for
feedback, asking for general information, requesting revision of the given response,
asking for summarizing, and asking questions out of curiosity.

According to the analysis, as shown in Table 6, ten sub-codes were identified.
Of these ten sub-codes, five were derived from the asking guidance category and five

from the asking feedback category. Each category is described below:

Table 6. The Distribution of Categories in Different Purposes of Chatbot Interaction

Aspect of Chatbot Categories Sub-Codes
Interaction

1. Asking for guidance for more than
one component

Asking for Guidance for Argument 2. Asking for guidance for the research
question
3. Asking for guidance for the claim
4. Asking for guidance for evidence
5. Asking for guidance for reasoning

Participants’ Purposes 1. Asking for feedback for more than
one component
Asking for Feedback for Argument 2. Asking for feedback for the research
question
3. Asking for feedback for the claim
4. Asking for feedback for evidence
5. Asking for feedback for reasoning

Other 1. Asking for general information
2. Requesting a revision of the given
response

3. Asking questions out of curiosity
4. Asking for summarizing
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Asking for guidance for argument: The participant seeks assistance to improve their
scientific argument. This includes asking how to strengthen the argument, presenting
incomplete argument components for completion, or requesting alternative examples
to formulate or restructure the argument.

For the “asking guidance for argument” category, there existed five codes: “asking

99 ¢

guidance for more than one component,” “asking guidance for the research

question”, “asking guidance for the claim”, “asking guidance for evidence,” and
“asking guidance for reasoning.”

As an example from this category, the participant asked for guidance on the claim
component by stating, “What could my claim be?”

Asking for feedback for an argument: The participant shares their existing argument
with the chatbot to receive evaluative feedback, aiming to determine its adequacy
and identify areas for revision.

The asking for feedback for argument category consisted of five codes: “asking

9% ¢

feedback for more than one component,” “asking feedback for the research

29 ¢ 29 ¢

question,” “asking feedback for the claim”, “asking feedback for evidence”, and
“asking feedback for reasoning.”

As an example from this category, the participant asked for feedback on a claim by
stating: “The ice sheets in Greenland and Antarctica are massive ice formations that
contain 70% of the Earth's freshwater. Is it a good claim?”

Asking for general information: The participant inquires about topic-related details

that were not explicitly covered in the instructional text, reflecting a desire for

extended understanding.
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Requesting revision of the given response: The participant asks the chatbot to rewrite
the response due to an error the chatbot made or disagreement with the given
response.

Asking questions out of curiosity: The participant asks questions about the details of
the topic that were not mentioned in the text.

Asking for summarizing: The participant requests the chatbot to formulate the

response in concise language due to the long response.

3.5.2.2 Analysis of chatbot’s function
The chatbot’s function was defined as its ability to address the participants’ requests,
including providing guidance or feedback. To explore this, the following sub-
research question was addressed: “Through which functions do the chatbot respond
to students' requests in the context of the scientific argument formation process?”’.

The researcher analyzed the conversation logs between the participants and
the chatbot by focusing on the function the chatbot served in each interaction. Using
an open coding approach, each chatbot response was initially coded based on how it
operated in relation to participants’ prompts, for instance, providing guidance for
constructing a claim or answering curiosity-driven questions. These initial codes
were then clustered into broader categories that reflected the chatbot’s overarching
functional roles.

Subsequently, the emerging themes and codes were reviewed and compared
across the entire dataset to ensure consistency and coherence. During this process,
functionally similar codes were merged under more inclusive categories. For

example, the codes “giving an example” and “providing guidance” were integrated
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into a single functional category. Once the refinement process was completed, each
theme was clearly defined and named.

As a result, six main functional categories and ten sub-codes were identified. Of the
ten sub-codes, five were associated with the “providing guidance” category, and the
remaining five were grouped under “providing feedback.” The distribution of

categories is shown in Table 7.

Table 7. The Distribution of Categories in Chatbot’s Function

Aspect of Chatbot Categories Sub-Codes
Interaction

1. Providing guidance for more than one
component

2. Providing guidance for the research question
3. Providing guidance for the claim

4. Providing guidance for evidence

5. Providing guidance for reasoning

Providing Guidance

1. Providing feedback for more than one
component

2. Providing feedback for the research question
3. Providing feedback for the claim

4. Providing feedback for evidence

5. Providing feedback for reasoning

Chatbot’s Function
Providing Feedback

1. General Information for Inquiry
Other 2. Revising the Response

3. Answering the Curiosity Questions

4. Providing Summary

A detailed description of each category and sub-code is presented below.

Providing Guidance: The chatbot interprets the participant’s inquiry and offers
example-based support tailored to specific argument components within the given
context.

The providing guidance category included five codes: “providing guidance for more

2% ¢

than one component”, “providing guidance for the research question,” “providing
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29 ¢

guidance for the claim”, “providing guidance for evidence,” and “providing guidance
for reasoning.” An example of the chatbot providing guidance is its support for the
evidence component, as shown in the following response:

To strengthen your evidence, you can express it as follows:

Over the years, sea levels have risen due to the annual loss of 150 billion tons
of ice from Antarctica and 270 billion tons from Greenland. This melting
accounted for about one-third of the global sea level rise observed between
2006 and 2015.

This information can make your evidence more robust.

(Session 2, Angelia)

Providing Feedback: The chatbot evaluates the participant’s argument based on the
rubric criteria and delivers feedback using sentence structures pre-defined by the
researcher. The purpose is to encourage revision rather than supply full argument
components or direct examples.

The providing feedback category included five codes: “providing feedback for more

99 ¢

than one component,” “providing feedback for research question”,” providing

feedback for the claim”, “providing feedback for evidence,” and “providing feedback
for reasoning”. An example from this category is the chatbot’s guidance on the
reasoning component. For instance, the chatbot provided the following guidance to
help participants construct reasoning:

You can use the following statements for your reasoning:

"Rising sea levels cause coastal settlements to be submerged and force people
to relocate.”

"Rising seas lead to saltwater intrusion into inland freshwater sources,
contaminating agricultural lands.”

"This situation may result in waterborne diseases that threaten human health
and lead to social problems."

These reasons provide logical explanations that support your claim.

(Session 2, Angelia)

General information for inquiry: The chatbot answers questions derived from the
provided instructional materials and knowledge base to support conceptual

understanding.
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Revising the response: The chatbot rewrites or modifies its previous output in
response to the participant’s dissatisfaction or correction request.

Answering the curiosity questions: The chatbot responds to inquiries beyond the
instructional scope or knowledge source, reflecting students’ spontaneous interest or
desire to explore related topics.

Providing summary: The chatbot reformulates its prior response in a shorter and
more concise manner upon request, usually due to concerns over response length or

complexity.

3.5.2.3 Analysis of chatbot’s response quality

The chatbot’s response quality was defined as the compatibility and contextual
relevance of the response with the participant’s request. In order to explore the
chatbot’s response quality, the following research question was addressed: “What is
the quality of chatbot responses in facilitating scientific argumentation?” The
researcher analyzed participants’ prompts and the corresponding chatbot responses to
evaluate the appropriateness of the responses in relation to participants’ requests.
Each response was initially coded using an open coding approach, focusing on the
relevance and accuracy of the chatbot's reply. The preliminary codes generated
included: suitable for context, correct, out of context, and confusion of argument
components. These codes were then clustered into broader categories to identify
patterns in response quality. During the review phase, the categories were refined to
ensure internal consistency. Similar codes were merged, for example, suitable for
context and correct were combined under a single, more inclusive category. The final
set of categories, representing recurring patterns in chatbot response quality, was

identified as follows: suitable for context and correct, out of context, complex
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response integrating more than one component, lack of feedback, and confusion
among elements of the argument.

The definitions of these categories are presented below:

Suitable for context and correct: The chatbot provides an accurate and contextually
appropriate response aligned with the participant’s inquiry. The response is based on
the predefined knowledge source and is relevant to the instructional objectives.

Out of context: The chatbot responds prematurely or inaccurately, such as when it
generates an answer before the participant completes their input or fails to recognize
the intended focus of the inquiry (e.g., interpreting a request for feedback as a
content-related question).

Complex response integrating more than one component: The chatbot answers the
participant’s inquiry by integrating other components rather than focusing on just one
argument component.

Lack of feedback: The chatbot provides feedback on only one argument component,
despite the participant requesting evaluation of multiple components within a single
entry.

Confusion among elements of argument: The chatbot generates a response by
confusing argument components with each other; for instance, it provides feedback

for the claim rather than the evidence component.

3.5.3 The analysis of the third research question

To analyze data related to the third research question, “What are the students'
perceptions of the effectiveness of the chatbot for developing their arguments?”
participants’ written responses to the perception form, consisting of seven open-
ended questions asked at the end of each session, were collected (see Appendix F).

The participants’ responses were transcribed into digital text and analyzed using an
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inductive thematic analysis approach through open coding. Initially, individual
responses were coded, and emergent patterns were identified. As new codes appeared
during the process, the researcher revisited earlier data to ensure consistency. Once
no additional code emerged, existing codes were grouped into broader categories. To
enhance trustworthiness, a subject-matter expert reviewed and confirmed the
relevance and clarity of the developed codes and categories.

The main categories that emerged from the analysis of participants’
perception data were: chatbot’s perceived functions, perceived response properties,
effect on student motivation, and problems.

In the perceived functions category, based on participants' responses to the
questions, the following codes emerged, and the codebook was formed as shown in
Table 8: making understandable, learning new information, providing new
perspectives, providing guidance, expressing in scientific language, saving time,

providing detailed information, and reducing the need to read a longer text.
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Table 8. Codebook for Perceived Functions of Chatbot

Code

Definition

Example

Making Understandable

Learning New Information

Providing New Perspectives

Providing Guidance

Expressing in Scientific
Language

Saving Time

Providing Detailed
Information

Reducing the Need to Read
Long Texts

The chatbot helped to simplify the
topic, utilizing a proper language
compatible with the participants’ level.

The chatbot retrieved and presented
existing information that participants

were not previously aware of

The chatbot offered alternative

explanation about the topic.

The chatbot guided participants on how
to construct or revise their arguments.

The chatbot supported participants in
phrasing their existing arguments using
appropriate scientific terminology.

The chatbot reduced the need for extra
searching or effort by providing quick

and relevant answers, helping

participants work more efficiently.

The chatbot provided detailed

explanations and additional information
beyond what was in the text, helping
participants understand more deeply

The chatbot highlighted relevant parts,
so participants didn’t need to read full

texts

“When I wrote about the
parts I didn’t understand, I
started to get them.”

“I learned that the
greenhouse effect increases
global warming and causes
sea level rise. It explained
the effect of the greenhouse
effect to me.”

“It provided ideas I hadn’t
considered before, which
helped me during my
writing.

"l learned how to write
arguments more easily, and
it helped me construct more
organized sentences."

“It supported me in
expressing my argument
using more scientific
language.”

“It helped me learn more in
less time and made things
easier with its explanations.”

"I can’t learn this much
detail in class, but with GPT,
I can learn the topic more
deeply.”

“Instead of reading the
whole text, the chatbot gave
me the specific part |
needed, which saved time
and helped me understand
more easily”
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For the perceived response property category, the codebook was formed as shown in
Table 9; the following codes emerged: understandable, enjoyable, informative, clear,

and correct.

Table 9. Codebook for Perceived Response Properties of Chatbot

Code Definiton Example

Understandable The chatbot’s style is easy to comprehend. “It was in a language that
even a child could
understand.”

Enjoyable Using the chatbot is perceived as a pleasant “It was both entertaining
experience. and informative.”
Informative The chatbot is seen as providing meaningful “I was deeply impressed
knowledge. by its clear and
meaningful
explanations.”
Clear The chatbot’s responses are concise and “The answers it provided
straightforward. were quite clear and
explanatory”
Correct The information provided is accurate. “GPT always provides

accurate and well-
organized information.”

Additionally, the researcher identified participants’ willingness to use the chatbot
again regarding the student motivation category. This category was defined as the
participant expressing a willingness to reuse the chatbot. An example response
representing this category is: “I would like to use it again.”

For the problem category, students expressed the problems they experienced
during the conversation. The researcher developed the codebook and identified the
codes listed in Table 10 under this category: confusion about the components, long

responses, absence of pedagogical attitude, and asking for revision repeatedly.
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Table 10. Codebook for Problems Encountered in Chatbot Interaction

Code Definition Example
. Chatbot responses display misunderstanding or ~ “GPT confusing evidence with
Confusion about  ~.°. ; . A
mixing of argument components (claim, reasoning made it a bit
the Components . . ; »
evidence, reasoning). challenging for me.

“The responses could have

The chatbot gives long-winded answers that been shorter.”

Long Responses . . . .
g P include excessive or irrelevant details.

Absence of The chatbot fails to generate guiding or follow-up “A teacher can tell whether a
Pedagogical questions that assess the participant’s student has understood, but
Attitude understanding GPT cannot.”

Asking for The participant had to repeat or rephrase their “I had to ask again because the
Revision question because the chatbot misunderstood or  chatbot didn’t understand me
Repeatedly gave a confusing/off-track response. and got confused.”

3.6 Trustworthiness of the study

Trustworthiness is a cornerstone of qualitative educational research, heavily reliant
on the researcher’s credibility (Merriam & Tisdell, 2015). Ensuring validity and
reliability facilitates the transferability of findings to other contexts, enhancing the
study’s broader applicability (Merriam & Tisdell, 2015). To establish
trustworthiness, this study adopted four strategies proposed by Lincoln and Guba
(1985): credibility, dependability, confirmability, and transferability.

To ensure credibility, the researcher employed triangulation and persistent
observation, as recommended in the literature (Gay et al., 2011; Merriam & Tisdell,
2015). Triangulation was achieved by collecting data from multiple sources,
including participants’ worksheets and their conversation logs with the chatbot.
These sources complemented each other by offering both product and process-
oriented insights. While the worksheets captured the evolution of participants’
written arguments, the chatbot conversation logs illuminated the underlying
interaction. Together, these data sources enabled a more comprehensive
understanding of how Al-supported interactions facilitated the development of

argument quality, strengthening the credibility of the findings. Additionally, the
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researcher conducted persistent observation, taking detailed field notes while
monitoring participants’ interactions with the learning module and the chatbot.

To enhance transferability, Lincoln and Guba (1985) emphasize the
importance of providing a detailed description of the research context in qualitative
studies, enabling other researchers to assess the applicability of findings to their own
settings (Gay et al., 2011). In this study, the researcher ensured transferability by
thoroughly documenting the context and participant characteristics, including the
educational setting, the sixth-grade students’ academic profiles (e.g., high achievers),
and their interactions with the learning module and chatbot. Additionally, the
researcher provided a comprehensive account of the study’s evolution following the
pilot study, detailing the reasons for modifications to the research design, such as
adjustments to the learning module or chatbot prompts. These detailed descriptions
facilitate comparisons with other studies, supporting the potential transferability of
the findings.

The researcher employed rigorous data analysis procedures to ensure
confirmability, minimize bias, and enhance objectivity. Initially, open coding was
used to identify codes and categories from the chatbot conversation logs, followed by
rubric-based analyses to assess the quality of participants’ arguments. To further
strengthen confirmability, the researcher collaborated with her thesis advisor to
review and refine the coding and analysis processes. This collaborative approach
aligns with best practices for maintaining neutrality in qualitative research (Lincoln

& Guba, 1985).
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3.7 Ethical considerations

Conducting a study with careful attention to ethical considerations is a fundamental
responsibility of researchers. The National Research Council (NRC, 2003) outlines
several key principles that researchers must prioritize, including obtaining informed
consent from participants, protecting their privacy and confidentiality, and ensuring
fair participation. Adhering to these ethical principles is essential to safeguard
participants’ rights and maintain the integrity of the research process.

In this study, the researcher ensured compliance with ethical standards at
every phase. Initially, ethical approval was obtained from the Ethics Committee in
Social Sciences and Humanities (SOBETIK) at Bogazici University (see Appendix
G). Given that the participants were sixth-grade students from a public school,
additional permission was secured from the Ministry of National Education (MoNE;
see Appendix H). The research commenced only after receiving approval from the
committees responsible, ensuring alignment with legal and ethical standards.
Following MoNE approval, the researcher informed the school principal and teachers
about the study, and it was subsequently announced to a sixth-grade classroom in the
public middle school. Volunteer students, identified as high achievers, were selected
in consultation with the classroom guidance teacher and enrolled in the learning
module.

Students willing to participate were thoroughly informed about the study’s
purpose and research process. Informed consent was obtained from the students’
parents and the students through consent forms (see Appendix I; Appendix J).
Participants were assigned numerical identifiers to ensure confidentiality and
anonymity throughout the data collection, analysis, and reporting processes. All

study-related data, including consent forms and worksheets, were securely stored in a
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locked box. Participants’ conversations with the chatbot, field notes, and other digital
data were stored on the researcher’s hard disk, accessible only to the researcher and
the thesis advisor. Upon completion of the research, all collected data, including
materials stored on the hard drive and in the locked box, were destroyed to protect

participants’ privacy further.

3.8 Role of the researcher and reflexivity

The researcher’s background and experiences play a pivotal role in shaping the
processes of a qualitative study. The researcher holds a bachelor’s degree in
mathematics and science education from Bogazi¢i University, followed by a master’s
degree in educational technology from the same institution. She participated in an
Erasmus exchange program at the University of Wuppertal during her academic
journey, gaining international exposure to educational practices.

Professionally, the researcher worked as a science teacher in a public middle
school for two years, teaching students in grades 5 through 8. During this time, she
actively designed and implemented inquiry-based learning environments to promote
critical thinking and student engagement. Her classroom experience informed the
development of the learning module used in this study and allowed her to adapt
instructional strategies to suit students’ needs.

In this study, the researcher actively engaged in various facets of the research
process. She designed both the learning module and the chatbot, customizing them to
facilitate scientific argumentation among her students. The learning module was
implemented with her sixth-grade class, where she fostered a supportive classroom
environment by providing personal devices to ensure equitable access for all

participants. Throughout the study, she oversaw the implementation, reviewed the
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processes, and ensured the accuracy and reliability of the data through careful
monitoring and verification. Her dual expertise in science education and educational
technology, along with her practical experience as a teacher, likely influenced the
study’s design, execution, and interpretation, thereby enhancing its relevance to

actual classroom settings.
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CHAPTER 4

FINDINGS

This case study aimed to explore how a learning module designed based on the
Argument-Driven Inquiry (ADI) instructional model with generative Al integration
facilitates sixth-grade students’ scientific argument quality in the context of the
greenhouse effect. Data was collected from participants through worksheets
consisting of a scientific argument template, chatbot conversation logs, and
perception forms, which were subsequently analyzed using a thematic analysis
approach. This chapter presents the results of the data analysis, focusing on the
changes observed in the quality of participants’ scientific arguments and the role of

chatbot interactions in facilitating the scientific argumentation process.

4.1 Exploring participants’ scientific argument quality

The first research question of this study is “How does a learning module designed
based on the Argument-Driven Inquiry (ADI) instructional model with generative Al
integration facilitate sixth-grade students' scientific argument quality in the context
of the greenhouse effect topic.

In this study, five participants took part in three sessions. In each session,
they constructed two scientific arguments, one before interacting with the chatbot
(pre-argument) and one after (post-argument). As a result, each participant produced
a total of six scientific arguments. The participants’ quality of scientific arguments
was analyzed under the scientific argument components based on the rubric
developed by McNeill et al. (2006), including claim, evidence, and reasoning (see

Appendix C), and these components were assigned as levels (Level 0, Level 1, and
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Level 2). Throughout the sessions, participants initially formed the research question,
and then they formed a “claim” that responds to the research question; thereafter,
“evidence” was formed, which provides scientific data to support the claim, and then
the “reasoning” component was constructed to explain why this evidence is
significant. The researcher compared and reported components of the pre- and post-
arguments to determine the change in participants’ scientific argument quality in
each session. This section presents the analysis of participants’ scientific arguments

and how the quality of each argument component changed across the three sessions.

4.1.1 Participants’ scientific argument quality in Session 1

Session 1 focused on the impact of global temperature rise due to the greenhouse
effect. Since this was the first session, most participants demonstrated lower-quality
arguments before the chatbot interaction, particularly regarding evidence and
reasoning. As shown in Table 11, two out of five students had Level 0 or Level 1
evidence, and three out of five had Level 0 or Level 1 reasoning in their pre-

arguments.

Table 11. Change in Participants’ Argument Component Levels in Session 1

Participant Name Pre/Post Argument Levels of Argument Components
Claim Evidence Reasoning
Ruby Pre-argument Level 1 Level 1 Level 0
Post Argument Level 2 Level 2 Level 1
Angelia Pre-argument Level 2 Level 1 Level 0
Post Argument Level 0 Level 2 Level 2
Emily Pre-argument Level 2 Level 2 Level 2
Post Argument Level 2 Level O Level 2
Rose Pre-argument Level 1 Level 2 Level 0
Post Argument Level 2 Level 2 Level 2
Micheal Pre-argument Level 2 Level 2 Level 2
Post Argument Level 2 Level 2 Level 2
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Ruby initially produced the lowest quality pre-arguments across all components
among the participants. She primarily used the chatbot to deepen her understanding
of the topic and to receive structured guidance. Before engaging with the chatbot, she
appeared to conflate the evidence and reasoning components, which led her to
construct a reasoning statement that merely restated evidence. As a result, her pre-
reasoning was categorized as Level 0. Owing to the chatbot interaction, she revised
the pre-reasoning to link evidence to the claim, giving rise to Level 1. Among all
participants, she demonstrated the most notable improvement across argument
components. This progress may be attributed to the illustrative examples and
scaffolded support provided by the chatbot, which appeared to enhance her
understanding of the distinct features of each component.

Angelia initially constructed one of the lowest-quality pre-arguments,
particularly in the evidence and reasoning components. Following the chatbot
interaction, she revised these elements with greater specificity and scientific detail,
resulting in both being classified as Level 2. However, her post-claim statement
focused solely on scientific data, rather than articulating a clear and overarching
conclusion in response to the research question. Consequently, her post-claim was
coded as Level 0 due to a misclassification of argument components.

The analysis of the chatbot interaction indicated that this misunderstanding
occurred because the chatbot presented the claim as an integrated part of the overall
argument. Consequently, the participant misinterpreted the claim component and
wrote an evidence-based statement instead. Moreover, her initial reasoning lacked
coherence, was not presented in complete sentence form, and did not establish clear

links to the claim or evidence. After interacting with the chatbot, she revised this
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component by constructing a reasoning statement that successfully connected the
claim and evidence, incorporating appropriate scientific language.

Emily had one of the highest pre-arguments regarding all components;
therefore, she did not change the argument components except for pre-evidence.
Although the chatbot was generally effective in enhancing the quality of students’
arguments, in this case, it provided guidance related to reasoning rather than
evidence. As a result, the participant mistakenly formulated a reasoning statement in
the evidence section, which led to a Level O classification for post-evidence.

Rose had one of the lowest quality pre-arguments regarding the claim and
reasoning components. For the pre-reasoning, the participant was initially confused
about evidence and reasoning components; therefore, she wrote evidence in the
reasoning part before the chatbot interaction, resulting in Level 0. Following the
chatbot interaction, she was able to identify this mistake and formed a post-
reasoning, which links evidence and claim, and the level of post-reasoning became
level 2.

Micheal constructed suitable pre-argument components, achieving the highest
level among participants, which corresponded to Level 2. Throughout the session, he
demonstrated a comprehensive understanding of both the subject matter and the
structure of scientific arguments. Consequently, he expressed his intention to utilize
the chatbot just to ensure his argument components by asking for feedback. After the
interaction, the chatbot's feedback confirmed the adequacy and coherence of his pre-
arguments; therefore, he did not revise the post-argument components. Table 12
portrays an example of a participant’s argument components obtained from Session

1.
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Table 12. Scientific Argument Components with Examples in Session 1

Before/After
Interaction

Claim

Evidence

Reasoning

Pre-Argument
(Before Interaction)

Post Argument
(After Interaction)

It further worsens
drought conditions,
leading to crop
failures, forest fires,
and desertification.
Level 1

The greenhouse effect
can trigger climate
change by triggering
an increase in global
temperatures.

Level 2

In 2017, a forest area
1.3 times the size of
our Yalova province

was damaged by fires.

Level 1

The frequency of
extreme weather
events, such as
droughts and forest
fires, is increasing
about climate change,
with negative impacts
on agricultural water
resources and food
security.

Level 2

Scientists predict
that if world
temperatures rise by
another 2°C,
summer months
will be much hotter
and thermometers
could rise to 50°C
in regions such as
the Middle East and
North Africa.

Level O

The greenhouse
effect causes
temperatures to rise
as greenhouse gases
in the atmosphere
increase, which
leads to climate
change.

Level 1

4.1.2 Participants’ scientific argument quality in Session 2

Session 2 was about the effect of melting ice due to the greenhouse effect. As

observed in Session 1, the majority of the participants constructed lower-quality pre-

arguments for all components before the chatbot interaction. As shown in Table 13,

four out of the five participants had Level 1 claim, three out of five students had

Level 1 evidence, and two out of five had Level O or Level 1 reasoning in their pre-

arguments.
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Table 13. Change in Participants” Argument Component Levels in Session 2

Student Name Pre/Post Argument Levels of Argument Components
Claim Evidence Reasoning
Ruby Pre-argument Level 1 Level 1 Level 1
Post Argument Level 2 Level 2 Level 2
Angelia Pre-argument Level 2 Level 1 Level 0
Post Argument Level 2 Level 2 Level 2
Emily Pre-argument Level 1 Level 2 Level 2
Post Argument Level 1 Level 2 Level 1
Rose Pre-argument Level 1 Level 1 Level 2
Post Argument Level 2 Level 1 Level 2
Micheal Pre-argument Level 1 Level 2 Level 2
Post Argument Level 2 Level 2 Level 2

Ruby generated the lowest level of pre-argument for all components compared to
other participants. Prior to engaging with the chatbot, her pre-claim required further
explanation, and her pre-evidence was deficient in scientific information. Her pre-
reasoning was scientifically accurate, but it was irrelevant to other components, and
she failed to establish a direct connection between evidence and claim, resulting in
Level 1. During the session, she benefited from the chatbot by asking for guidance,
and the chatbot provided possible examples for all components, enabling her to
identify relevant aspects that were compatible with her argument structure.
Consequently, she developed detailed and high-quality components.

Angelia formed the lowest level of pre-argument, particularly for evidence
and reasoning components. Before the chatbot interaction, she constructed pre-
evidence insufficient to support the claim, which lacked scientific data; during the
conversation, the chatbot presented scientific data for the participant to support the
claim. Thus, she constructed post-evidence corresponding to Level 2. In addition, she
initially misunderstood the purpose of the reasoning component and provided an
explanation that lacked a clear connection between the claim and the evidence.
Following the chatbot interaction, however, she revised her reasoning to explicitly
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link the claim and evidence by incorporating relevant scientific concepts. Her revised
post-reasoning demonstrated how the evidence supported the claim using appropriate
terminology and a logical structure, resulting in a more coherent and scientifically
sound argument.

Emily produced a high level of pre-argument components, except for the
claim component. Regarding the claim component, she sought feedback, but the
chatbot delivered contradictory feedback by affirming her response and providing an
explanation of the possible claims. Even though the chatbot presented a stronger
claim, the participant focused on the affirmation part and did not change her pre-
claim. Although she generated a high level of pre-reasoning, during the session, she
couldn’t manage the time properly, and she did not ask for feedback for the
reasoning; therefore, she wrote a short sentence omitting scientific information and
did not mention relationships, among other components.

Rose generated a lower level of pre-argument, particularly in the claim and
evidence components. She constructed a pre-claim that comprised the topic but was
too general and did not directly address the context. After the interaction, she revised
it, focusing on the context, and answered the research question, resulting in Level 2.
In addition to that, during the chatbot conversation, the participant asked for
guidance on evidence, and the chatbot generated a possible example for evidence
components. In light of the chatbot's response, the participant formed post-evidence
but excluded some scientific data that could support the claim; therefore, it became a
vague pre-argument component. This can be attributed to the participants’ time
management problem based on the researcher’s observations.

Micheal generated high level of pre-argument components except for the pre-

claim component. Although his pre-claim was scientifically accurate, it lacked
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alignment with the accompanying evidence and reasoning, leading to its
classification as Level 1. During the chatbot interaction, he asked for feedback and
guidance for claim components, and the chatbot generated detailed feedback. Based
on this, he constructed a post-claim compatible with other components, resulting in
Level 2. Table 14 portrays an example of a participant’s scientific argument obtained

from Session 2.

Table 14. Scientific Argument Components with Examples in Session 2

Before/After Claim Evidence Reasoning
Interaction
Pre-Argument Global warming Global increase melts Increase delays in ice
(Before Interaction) melts glaciers sea ice growth in autumn and
winter
Level 1 Level 1 Level 1
Post Argument Melting glaciers Greenland loses an Melting glaciers raise
(After Interaction) cause sea levelsto  average of 270 billion sea levels, increasing
rise and natural tons of ice per year, while coastal erosion.
aftershocks to occur ~ Antarctica loses 150 Warming ocean
more frequently in  billion tons of ice per temperatures and
coastal areas. year. These losses weather also make
Level 2 contribute to the rise of ~ storms more frequent

sea level, accounting for and intense. The ice
about a third of the global sheets in Greenland and
sea level rise between Antarctica are the most
2006 and 2015. affected by this process.
Level 2 Level 2

4.1.3 Participants’ scientific argument quality in Session 3

The topic of Session 3 was the effect of sea level rise due to the greenhouse effect.
Since this was the last session, most participants developed their understanding of
how to form a scientific argument. Therefore, they demonstrated higher-quality
arguments before the chatbot interaction, especially regarding evidence and
reasoning components. As shown in Table 15, three out of five participants had
Level 2 claim and four out of five had Level 2 evidence and reasoning in their pre-

arguments.
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Table 15. Change in Participants’ Argument Component Levels in Session 3

Student Name Pre-/post- Levels of Argument Components
argument
Claim Evidence Reasoning
Ruby Pre-argument Level 2 Level 1 Level 2
Post Argument Level 2 Level 2 Level 2
Angelia Pre-argument Level 2 Level 2 Level 1
Post Argument Level 2 Level 2 Level 2
Emily Pre-argument Level 2 Level 2 Level 2
Post Argument Level 2 Level 2 Level 2
Rose Pre-argument Level 1 Level 2 Level 2
Post Argument Level 2 Level 2 Level 2
Micheal Pre-argument Level 1 Level 2 Level 2
Post Argument Level 2 Level 2 Level 2

Ruby produced higher levels of pre-argument components, except the evidence
component. She generated an accurate and complete pre-claim related to other
components; however, it lacked scientific terminology. By interacting with the
chatbot, she was able to adopt the scientific language it used, prompting her to
replace informal expressions with more appropriate scientific terms in her post-
claim. Her pre-evidence was not directly related to the claim and was deficient in
scientific data, resulting in level 1. During the conversation, the participant asked for
guidance for the evidence component and benefited from the response received while
revising the pre-evidence. Consequently, she developed a post-evidence component
that incorporated scientific data supporting the claim, achieving a Level 2
classification.

Angelia formed higher levels of pre-argument components, with the
exception of the reasoning component. Her pre-reasoning did not establish a direct
connection with the evidence and claim components. Throughout the session, the

participant persistently asked further questions related to the reasoning component,
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which she revised based on data provided by the chatbot. Thus, she generated a post
reasoning that aligned with the other components and supported the evidence.

Emily produced higher levels of pre-argument for all components. Her pre-
evidence was appropriate but required more detail to support the claim. During the
chatbot interaction, the participant persistently asked for guidance for the evidence
component and revised it so that it supports the claim. Thus, the developed post-
evidence resulted in Level 2.

Rose generated higher levels of pre-argument, with the exception of the claim
component. She formed a complicated pre-claim that addressed multiple aspects
simultaneously but lacked coherent sentence structure. Owing to the chatbot
interaction, the participant revised it, focusing on specific aspects compatible with
the other components, resulting in a Level 2 claim component.

Micheal formed higher levels of pre-argument with the exception of the claim
component. He generated a pre-claim that included only scientific information that
was not directly related to evidence and reasoning, which needed explanation,
resulting in Level 1 categorization. After the chatbot interaction, he revised it to
answer the research question. Based on the claim, he generated post-evidence and
post-reasoning components. While doing that, he asked for guidance on these
components and benefited from the chatbot responses. As a result, he generated post-
argument components, resulting in Level 2 categorization. Table 16 portrays an

example of a participant’s argument obtained from Session 3.
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Table 16. Scientific Argument Components in Session 3 with Examples

Before/After  Claim Evidence Reasoning
Interaction
Pre-Argument  Arise in sea level is In many regions, the It displaces more than
(Before an increase in the impact of rising sea levels 50,000 people from their
Interaction) total volume of ocean  on societies is already homes in the Pacific every
water. beginning to be seen. year.
Level 1 Level 2 Level 2
Post The impact of rising
Argument sea levels on societies
(After is already beginning  River flooding and the
Interaction) to be seen in many flooding of land in China Habitat loss and agricultural
regions. have demonstrated land damage in China pose
Level 2 significant impacts onthe  significant challenges to
region’s ecosystems biodiversity and food
security in the region.
Level 2 Level 2

4.2 Participants’ interaction with the chatbot for developing scientific arguments
The second research question is: “How do students engage with a specifically
designed chatbot to enhance their argument development during the learning
module?” The analysis focused on the prompts generated by students and the
chatbot's responses during their interactions, assessing them based on their intended
purposes to address this research question. Following a thematic analysis of data
collected from three sessions, several common categories and codes emerged. To
further evaluate the role and effectiveness of chatbot interaction in scientific
argumentation, three sub-research questions were formulated and addressed in the

following sections.

4.2.1 Purposes for using the chatbot for developing scientific arguments
Understanding the participants’ intentions is key to grasping the reasons behind their

revision behavior and the development of scientific arguments. Since these intentions
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influence the flow of conversation and the chatbot's responses, it is crucial to analyze
participants' purposes in order to explore how the interaction unfolds.

As illustrated in Table 17, most participants benefited from the chatbot asking
for guidance for argument components (f = 76), and generally, they asked for
guidance for evidence components (f = 24). Additionally, the participants interacted
with the chatbot to seek feedback on their argument components (f = 43), mainly
focusing on the claim components (f = 11). Furthermore, they utilized the chatbot to
request general information (f = 19), which is essential for participants'
understanding of the issue. Moreover, participants utilized the chatbot to request a
revision of the given feedback (f = 9), ask questions out of curiosity (f = 9), and ask
for summarizing (f = 6). Table 17 shows the frequency of participants’ reasons for

chatbot interactions.
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Table 17. Participants’ Reasons for Chatbot Interactions

Categories Codes Frequencies
Angelia  Emily Rose Micheal Ruby
Asking for more than one argument 1 0 3 2 0
Feedback component
for the research question 1 3 3 1 0
for claim 3 2 1 3 2
for evidence 1 2 2 3 2
for reasoning 1 2 2 3 0
Total number of entries for this category 7 9 11 12 4
Asking for more than one argument 1 2 2 6 3
Guidance component
for the research question 1 0 1 2 1
for claim 5 2 2 4
for evidence 3 10 3 3 5
for reasoning 3 3 2 6 5
Total number of entries for this category 13 16 10 19 18
Requesting a revision of the 3 1 1 1 3
given feedback
Asking for general 2 1 4 3 9
Other information
Asking for summarizing 2 0 2 2
Asking questions out of 6 1 0
curiosity
13 4 5 7 14

Total number of entries for this category

Ruby

Ruby interacted with the chatbot 16 times in the first session, 9 times in the second,

and 11 times in the third. Her interactions were primarily aimed at asking for

guidance (f = 18) and feedback (f = 4), requesting revisions to previously received

feedback (f = 3), obtaining general information (f = 9), and asking for summarizing

(f=2). Instead of attempting to revise and improve her initial argument, she opted to

explore example-based guidance from the chatbot for each argument component.

Rather than refining her own ideas, she incorporated the chatbot’s responses almost

verbatim into her post-argument. As a result, she demonstrated the most substantial
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improvement among the participants, which can be attributed to her reliance on and
effective use of the chatbot’s scaffolding.

In the guidance category, Ruby asked for guidance generally for reasoning
(f=5), evidence (f = 5), and claim (f = 4). For instance, when seeking guidance on
reasoning, she posed the question, “What could be the reasoning for the melting of
glaciers?” After that, the chatbot generated comprehensive reasoning for the inquiry,
and she revised her pre-reasoning based on the received response, resulting in the
higher-level post-reasoning component.

Within the category of requesting general information (f = 9), she formulated
the question, “How do drought conditions affect crop productivity?” She may need
scaffolding to enhance her understanding of the issue. This suggests that the chatbot
may be a valuable tool to learn about the details of the topic.

For the asking for summarizing category (f = 2), the participant asked, “Can
you write more briefly and clearly?”” This finding is consistent with the data gathered
for the third research question, which explores participants’ perceptions of their
chatbot experience. According to these responses, several participants reported
difficulty in comprehending the chatbot’s lengthy replies, which made it challenging
to identify the most relevant parts of the response. The extended length of the
chatbot’s output appeared to hinder their ability to focus on key ideas. As a result,
participants occasionally felt the need to request a more concise summary to better
understand the information provided.

Angelia
In the first session, Angelia formed 10 entries, and 11 for sessions 2 and 3.
According to the analysis of conversation logs generated during her interactions, she

benefited from the chatbot in several ways: she asked for guidance (f = 12), and
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feedback (f = 7), posed questions out of curiosity (f = 6), requested revisions for
given responses (f = 3), and asked for general information (f = 2).

For the asking for feedback category, she utilized mostly asking for feedback
for the claim (f = 3). For example, the participant stated, “My claim is that the
greenhouse effect on the world has increased over the years. Is that correct?”
However, the chatbot did not provide the desired response, leading her to ask for
guidance on her claim. The chatbot then offered overall guidance for her argument
rather than specific feedback on the claim itself. Since it was the first session and the
participant was not proficient enough in detecting argument components, she revised
her pre-claim erroneously, resulting in an evidence component.

She also benefited from the chatbot in Session 1, requesting a revision of the
given response (f = 3) when the chatbot confused the argument components with
each other, providing feedback that addressed both the evidence and reasoning
components rather than focusing solely on the evidence as intended; the participant
prompted, “You wrote the two components together; can you just write the
reasoning?” and the chatbot revised the feedback focusing on the reasoning
component; thus, the participant revised the pre-reasoning based on the received
feedback, resulting in a post-reasoning with Level 2 categorization.

Apart from these categories, she utilized the chatbot mostly to ask questions
out of curiosity (f = 6). For example, she asked the following question, “Well, where
do you think will be underwater in Turkey in 2050?” One important point to
highlight here is that this question illustrates that the chatbot may have enhanced the
participant’s motivation to explore the topic further and encouraged her to pose

questions she might hesitate to raise in a traditional classroom setting.
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Emily

Emily interacted with the chatbot 10 times in the first session, only 3 times in the
second, and 16 times in the third. Her limited interaction during the second session
appears to be the result of time management difficulties while constructing her pre-
arguments, which left insufficient time for engaging with the chatbot.

Throughout all sessions, she interacted with the chatbot to ask for feedback
(f=9) and guidance (f = 14). Additionally, she requested a revision of previously
received feedback (f = 1), asked for general information (f = 1), and posed curiosity-
driven questions (f = 2). For the asking guidance category, she asked for guidance for
claim (f = 1) by asking, “My claim is that even a small increase in temperature can
cause overheating. Do you think this claim of mine is okay? If not, can you give an
example?” Following that, the chatbot verified the participant's pre-claim and
provided additional details. Although there was a possible claim example in the
chatbot's response, the participant focused solely on the confirmation aspect and did
not alter the pre-claim.

Additionally, she asked for guidance for evidence (f = 10) by posing the
following question: “What could be the evidence for this reasoning?” This allowed
the participant to gather possible examples of evidence related to her reasoning
during the conversation.

Rose

Rose engaged with the chatbot 9 times in the first session, 6 times in the second, and
11 times in the third. She benefited from the chatbot for feedback for the argument
category (f = 11) and for guidance for the argument category (f = 10). Apart from
these categories, she used it for the asking for general information category (f = 4)

and for requesting revision of the given feedback category (f = 1). In the feedback for
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the argument category, she utilized it mostly to get feedback for the research
question (f = 3). As an example of this code, the participant constructed, “Do the
negative impacts on living organisms contribute to global temperature rise? Is this
question okay?”’

After formulating her research question, she sought guidance on a claim that
would align with it. In addition to exploring these categories, she used the chatbot to
gather general information (f = 4) by inquiring, “What are the effects of global
temperature increase?” As a result, she was able to incorporate the insights gained
from this question into her reasoning component. Consequently, the participant
enhanced her understanding of the topic, which is essential for developing the
argument components.

Micheal

In the sessions, Micheal interacted with the chatbot 14, 10, and 15 times,
respectively. He was eager to engage with the chatbot and used it to validate his
initial arguments. He benefited from the chatbot for asking for feedback (f =12) and
guidance (f = 18) on the argument. In the asking guidance category, he frequently
asked for guidance for more than one component (f = 6). As an example of this code,
he asked, “How can I make this argument better?” Then, the chatbot provided
different perspectives, which are essential in forming comprehensive arguments.

Other than that, he interacted with the chatbot to request a revision of the
given response once. Before that, he stated his claim as follows: “Rising
temperatures exacerbate drought conditions in arid regions, leading to crop
shortages, wildfires, and desertification, is it okay?” and he stated his evidence as
follows: “In regions such as the Middle East and North Africa in the summer months,

temperatures are expected to reach up to 50 C.” Then he asked for feedback for his
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evidence and the chatbot generated a response irrelevant to the participant’s claim

and evidence as follows:
Your evidence appears appropriate. You have presented various data
supporting the negative impacts of temperature increases on agricultural
production. For instance, the information that global temperatures have
exceeded 1°C above pre-industrial levels, with an increase of 1.5°C in
Turkey, highlights the severity of climate change. Additionally, evidence
exists demonstrating that rising temperatures exacerbate drought conditions,
subsequently leading to issues such as crop shortages, wildfires, and
desertification. These data provide a strong foundation for supporting your
claim. I am here to assist if you need help with another topic!

After that Micheal prompted, “No, I'm not asking that. Is the evidence | wrote

appropriate?” After this prompt, the chatbot revised the response and fixed the

mistake as evident in the following extract:
Yes, the evidence you provided is appropriate. The estimate that temperatures
could reach up to 50°C highlights the impacts of climate change and drought.
This information demonstrates the severity of temperature increases across
different regions of the world. Additionally, it provides a context supporting
the negative effects of these temperatures on agricultural production and food

security. However, you can strengthen this evidence by adding more details.
Would you like assistance with another topic?

4.2.2 Chatbot’s functions responding to participants’ requests

Comprehending the chatbot’s capabilities and functions allows for a clearer
understanding of participants’ interactions and their revision behaviors in response to
the feedback provided. Moreover, analyzing the chatbot’s behavior and operational
mechanisms enhances insight into designing a chatbot-integrated lesson for practical
applications.

As presented in Table 18, the chatbot primarily served to provide guidance
(f = 84) and feedback (f = 32) for arguments and provide general information for

inquiry (f = 29), answer questions out of curiosity (f = 8) revise the response (f = 6)
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and provide summary (f = 5). The chatbot exhibited a tendency to offer guidance
when participants requested feedback; additionally, it generated responses that
included general information, even when participants had not specifically sought
such details. Table 18 demonstrates the chatbot’s function in participants’

conversations.

Table 18. Chatbot’s Function According to Categories

Categories  Extracted Codes Frequencies in Participants
Angelia  Emily Rose Micheal  Ruby
Providing  for more than one argument 3 0 1 3 0
Feedback  component
for research question 1 0 1 0 0
for claim 1 2 3 1 1
for evidence 1 2 1 4 2
for reasoning 0 1 1 3 0
Total number of entries for this category 6 5 7 11 3
Providing  for more than one argument 0 2 3 8 2
Guidance  component
for research question 3 0 1 2 1
for claim 3 2 2 2 4
for evidence 5 9 4 3 7
for reasoning 1 4 2 6 8
Total number of entries for this category 12 17 12 21 22
Revising the response 3 1 1 0 1
Providing general 5 4 6 5 9
Other information for inquiry
Providing summary 2 0 0 2 1
Answering the curiosity 5 2 0 1 0
questions
Total number of entries for this category 15 7 7 8 11

In Angelia’s conversation, the chatbot generated a total of 34 responses: 9 from the
first session, 12 from the second, and 13 from the third session. The chatbot
generated responses to provide feedback categories (f = 6) and guidance (f = 5).

Other than these categories, the chatbot produced responses mostly for general
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information for inquiry (f = 5) and answering the questions out of curiosity (f = 5).
The participant asked the following question, which was categorized as a question
out of curiosity: “What will the world be like in 2070 if the glaciers continue to
melt?” The chatbot generated the following response to answer the question:

If glaciers continue to melt, sea levels will rise significantly by 2070, posing a

major threat to coastal areas. In addition, melting glaciers will disrupt ocean

currents, causing changes in weather patterns and resulting in more severe

storms and floods. Melting glaciers will also negatively impact fishing

industries by affecting marine ecosystems (Session 3, Angelia).
In Emily’s conversation, the chatbot generated a total of 29 responses, producing 10,
3, and 16 responses during the sessions, respectively. It generated responses to
provide feedback (f = 5) and guidance for the argument (f = 17). Even though the
participant asked for feedback (f = 9), the chatbot provided less than it. This
discrepancy appears to stem from the way Emily formulated her prompts. She
frequently requested feedback while also asking for examples, which the chatbot
likely interpreted as a request for guidance. Additionally, her use of brief or one-
word prompts, potentially due to limitations in typing fluency, may have contributed
to misinterpretations of her intent.

For the other categories, the chatbot formed a response to revise the existing
response (f = 1), provide general information for inquiry (f = 4), and answer the
questions out of curiosity (f = 2). In the providing guidance category, the chatbot
provided mostly guidance for evidence (f = 9). It is noteworthy that the chatbot
demonstrated a high level of understanding, generating a response even without a

complete sentence prompt relevant to the context. When the participant wrote

“Evidence ?” the chatbot formed the response below:
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As evidence for your case, you could point out that flooding in Bangladesh
has polluted freshwater sources, causing waterborne diseases that threaten
people’s health. You could also support the argument that this pollution has
caused people to experience stress and mental health problems. Such
evidence would strengthen your case. Do you have any other questions?
(Session 3, Emily).
In Rose’s conversation, the chatbot formed 26 responses. In sessions, it produced 9,
6, and 11 responses, respectively. The chatbot generated responses by providing
feedback (f = 7), guidance (f = 11), general information for inquiry (f = 6), and
revising the response (f = 1). In the general information category, the participant
asked, “What are the effects of global temperature increase?”” The chatbot generated
the response below. She revised her pre-evidence based on this chatbot's response.
The effects of global temperature increase include increasing the severity of
extreme weather events, worsening drought conditions, and food shortages.
The amount of energy in the atmosphere is increasing due to human
activities, which further intensify weather events. In addition, a 1°C increase
in temperatures leads to a decrease in precipitation by up to 30% in regions
such as Turkey, threatening food security. The increase in temperature also
causes an increase in forest fires and deaths due to heat waves. All these
effects disrupt the ecosystem balance and threaten the habitats of living things
(Session 1, Rose).
In Micheal’s conversation, the chatbot generated a total of 40 responses across three
sessions. The sessions produced 15, 10, and 15 responses, respectively. The chatbot
generated responses to provide feedback (f =11), guidance (f = 21), general
information for inquiry (f = 5), and to answer questions out of curiosity (f = 3). For
the category of providing guidance, the chatbot frequently produced responses to
provide guidance for more than one component (f = 8). For example, when Micheal
wrote the following sentence: “Write me an argument similar to this.” The chatbot
generated the response below. This type of interaction not only provided scaffolded

support but also enabled Michael to consider alternative explanations and structure

his arguments more effectively:
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Sure, here is a similar argument:
Claim: Global warming threatens food security by negatively affecting
agricultural production.
Evidence: According to studies, agricultural productivity decreases with
increasing temperatures. For example, agricultural products were seriously
damaged in some regions of Tiirkiye in 2017 due to extreme temperatures.
Reasoning: Rising temperatures negatively affect the growth cycles of plants,
increasing water demand and exacerbating drought conditions. This leads to
loss of productivity in agricultural production and, as a result, food security
problems. In this way, you can create an argument with evidence and
reasoning supporting your claim. Would you like me to help you with
anything else?
In Ruby’s conversation, the chatbot created 36 responses for three sessions. In
sessions 15, 10, and 11, responses were produced, respectively. The chatbot
responded to provide feedback (f = 3), guidance (f = 22), general information for
inquiry (f = 9), revising response (f = 1), and providing a summary (f = 1). For the
providing guidance category, the chatbot generated mostly a response for guidance
for reasoning (f = 8). When the participant asked the following question, “What
could be my reasoning about the melting of glaciers?”” The chatbot formed the
response below. After receiving this response, she revised her pre-evidence,
benefiting from the guidance provided.
Your reasoning might be, "Melting glaciers add water to the ocean, causing
the sea level to rise. This increases coastal erosion while warming ocean

temperatures cause storms to become more frequent and intense.
(Session 3, Ruby)

4.2.3 Chatbot’s response quality in supporting participants’ scientific argumentation
To explore the overall effectiveness of the chatbot in supporting participants’
scientific argument formation process, an analysis of the chatbot’s response quality is
essential. Given that the quality of the responses shapes the progression of the
conversation, it directly influences participants’ revision behaviors and the nature of

their interactions.
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The chatbot generated 163 responses for all participants; as shown in Table
19, 135 were suitable for context and correct, 9 were out-of-context and complex
responses integrating more than one component, 3 lacked feedback, and 7 were
confused components of the argument. Table 19 shows the chatbot’s response quality

in participants’ conversations.

Table 19. Distribution of Chatbot’s Response Quality to Participants

Categories
| .

Suitable for ggsrggr?s); Confusion
Participants’ Out of . Lack of Among the  Total

Context and Integrating
Names Context Feedback Elements of Entry

Correct More Than One

Argument
Component

Angelia 26 1 1 1 4 33
Emily 23 3 3 0 0 29
Rose 21 0 1 2 2 26
Micheal 34 8 2 0 1 40
Ruby 31 2 1 0 1 35

The chatbot performed in a manner that was compatible with the context, and most
of the responses were suitable (f = 135). For an example of a suitable context and
correct category, the following conversation was given in Figure 2. After the
participant received the feedback below, she updated her argument and added
specific evidence to support her claim, mentioning the rise in Bangladesh, resulting

in Level 2 post-evidence as reported in research question 1.
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Participant’s Prompt Chatbot’s Response

My evidence is that the sea level has | Your evidence is an important starting point to support

not risen for thousands of years, so human settlement on the coasts due to the lack of sea level
people have settled on the coasts of rise for thousands of years. However, this information

the world, but the sea level has risen | alone may not be enough. The 5 cm sea level rise in the last
by 5 centimeters in 20 years. Do you | 20 years may require additional evidence to explain better
think this evidence is enough? how humans will be affected and the risks experienced in
(Session 3, Emily) coastal areas. Details such as the acceleration of the rise
and the negative effects on human communities will make
your case stronger. Do you have any other questions?

Figure 2. Example conversation suitable for the context and correct category

Two instances were categorized as out-of-context responses (f = 9). In the first, the
chatbot addressed the participant’s research question directly instead of providing
feedback on it. In the second, the chatbot produced a response that failed to
recognize that the participant had not completed their sentence. An example of the

first situation is given in Figure 3.

Participant’s Prompt Chatbot’s Response

My research question is the melting of glaciers. | Melting glaciers contribute significantly to sea
level rise and climate change. The melting of the
(Session 3, Micheal) Greenland and Antarctic ice sheets in particular,
is one of the biggest causes of sea level rise.
Melting glaciers disrupt weather patterns,
causing storms and hurricanes to occur more
frequently. Want more information on another
topic?

Figure 3. Example conversation for out of context category

The participant was aware that he could not get feedback on his research question;
therefore, he asked again for guidance on the research question and related claim.
For an example of the complex response integrating more than one argument
component category (f = 9), the chatbot generated a response to provide guidance not
only for the reasoning component but also for evidence. The example conversation is
given in Figure 4. After receiving this response, she repeated the prompt, and this
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time, the chatbot separated the components, and the participant revised her pre-

reasoning accordingly, resulting in Level 2, as mentioned in research question 1.

Participant’s Prompt

Chatbot’s Response

What could be my reasoning for the greenhouse
effect?
(Session 1, Ruby)

Your reasoning for the greenhouse effect could
be as follows: The greenhouse effect causes
temperatures to rise due to an increase in
greenhouse gases in the atmosphere, which leads
to climate change. Scientific data shows that
human activities have increased greenhouse gas
concentrations, resulting in temperatures
exceeding 1°C worldwide. This has negative
effects on agriculture and water resources,
posing serious threats to food security. The
frequent occurrence of extreme weather events is
also a result of climate change, which can strain
societies economically and socially.

Figure 4. Example conversation for complex response integrating more than one

component category

Apart from these, the chatbot confused the components of the argument with each

other (f = 7); for instance, despite the participant’s request to receive feedback on the

research question, the response provided was more akin to an answer to a separate

claim. Figure 5 shows an example conversation for this category. After receiving this

response, the participant did not ask for feedback on the research question again.

Participant’s Prompt

Chatbot’s Response

The research question is whether the greenhouse
effect has changed on Earth over the years. Is it
enough?”

(Session 1, Angelia)

You have not explained your claim yet. Can you
add scientific evidence and justifications to

explain your claim?”

Figure 5. Example conversation for the confusion of the argument components

category
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4.3 Participants’ perceptions of the effectiveness of the chatbot
The third research question is: “What are the students' perceptions of the
effectiveness of the chatbot for developing their arguments?” In order to answer the
research question, the researcher analyzed participants’ written responses to seven
open-ended questions. Based on the analysis of answers to the perception questions,
the following four categories emerged: chatbot’s perceived functions, perceived
response properties, effect on student motivation, and problems.

In the chatbot’s perceived functions category, as shown in Table 20,
participants generally regarded the chatbot as a tool for learning new information
(f=20) and providing guidance/convenience while writing scientific arguments
(f=11). Besides, participants also benefited from the chatbot in getting detailed
information (f = 7). Apart from these, participants defined the chatbot’s function
expressing in scientific language (f = 6), saving time (f = 7), reducing the need to
read a longer text (f = 6) and making the topic understandable (f = 4), providing new
perspectives (f = 3). Table 20 demonstrates the generated codes based on

participants’ perceptions of the chatbot’s functions.

Table 20. Chatbot’s Perceived Function

Category Formed Codes Phase 1 Phase 2 Phase 3 ;rfgj tal
Making understandable 1 1 2 4
Learning new information 6 7 20
Providing new perspectives 2 1 0 3
Pr(_)V|d|ng _ 5 3 3 11
guidance/convenience

Function Expressing in scientific 1 1 4 6
language
Saving time 2 1 4 7
Providing a dgvelc_)ped 2 5 3 7
response/detailed info
Reducing the need to read 2 5 2 6

longer text

101



The chatbot was perceived by participants as a knowledge source that delivers
detailed information while creating a learning environment. However, unlike
traditional knowledge sources, it was characterized as a tool that simplifies topics
and enhances understanding efficiently without requiring significant time investment
from users. These perceptions align with the reasons for chatbot usage identified in
the second research question. Participants primarily benefited from the chatbot by
seeking guidance, which involved obtaining new information or alternative
perspectives relevant to their inquiries.

In the perceived response property category, participants evaluated chatbots’
responses in terms of qualifications. As shown in Table 21, participants found the
chatbot understandable (f = 12), enjoyable (f = 3), informative (f = 8), clear (f = 1),
and correct (f = 1). Table 21 demonstrates the generated codes based on participants’

perceptions of the chatbot’s properties.

Table 21. Perceived Properties of Chatbot Responses

Category Formed Codes Phase 1 Phase 2 Phase 3 Total
()
Property Understandable 3 5 4 12
Enjoyable 2 0 1 3
Clear 0 1 0 1
Informative 6 2 0 8
Correct 1 0 0 1

The participants found the chatbot understandable thanks to its tailored
design for the participants’ level. Besides, since it allows participants the freedom of
questioning and obtaining information just for their desires, it was found to be
enjoyable with a personalized experience.

Participants also perceived the chatbot’s responses as understandable,

attributable to its design tailored to the participant’s level. Furthermore, as it provides
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flexibility to pose questions and access information aligned with their specific
interests, it was regarded as enjoyable.

Within the student motivation category, participants expressed a desire to
reuse the chatbot (f = 4). Given that the immediate responses and individualized
feedback captured their interest, and this was their first time using an Al-based tool,
it was expected that their inclination to use the chatbot again would be.

In the category of problems, as shown in Table 22, students experienced
problems mostly due to the chatbot’s long responses (f = 7) and its errors related to
the confusion of arguments (f = 6). The table demonstrates the generated codes based

on students’ perceptions of the chatbot’s problems during interaction.

Table 22. Participants’ Perceptions of the Chatbot’s Problems

Category Formed Codes Phase 1 Phase 2 Phase 3  Total (f)
Problems Confusion of components 2 2 2 6
Long response 3 2 2 7
Absence of pedagogical 0 0 2 2
attitude
Asking revision repeatedly 1 2 1 4

For example, Angelia noted that the chatbot provided guidance during argument
formation and detailed information, consistent with findings reported in the chatbot’s
function category above. Additionally, she highlighted its ability to afford flexibility
in posing questions and delivering accurate responses. However, she also identified
challenges encountered during the interaction, such as the chatbot providing complex
responses that integrate more than one component. Angelia’s perspective on this
experience is presented below:

I experienced how to write arguments easily. It helped me to make more

organized sentences. | can't learn that much detail when I learn in class, but
thanks to GPT, I can learn the subject in more detail and ask what I'm curious
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about. It is both entertaining and informative. | would prefer a chatbot over a
teacher in this activity. Almost the same as a teacher, a teacher may have
difficulty explaining, but GPT always provides organized and accurate
information. Everything was sufficient and necessary. However, sometimes
evidence and claims are given together; there needs to be more detail in that
section.

Rose emphasized the functions of the chatbot, including saving time by minimizing
the need to read the entire text and enhancing comprehension, as noted in the
chatbot's functionality section. However, she mentioned a significant part: the
absence of a pedagogical attitude. Although the chatbot generated a response based
on the participants’ inquiry, it was unable to assess whether the participants
comprehended the content. Rose stated her experience on the module as follows:
It helped me understand the subject with scientific data. It paved the way for
me to learn in a shorter time. Thanks to its short answers, | wrote directly
instead of reading the text and thus got the answer. GPT prevented the loss of
time, it takes more time to read the text. GPT allows me to read only the
relevant section. It allowed me to read more selectively by giving a certain
section from the text. However, the most difficult thing was that | lost time
while writing, and the answers were not clear and concise. | would prefer to
do this activity with a teacher. The teacher would provide the answer in a
shorter and faster way. The teacher can understand whether the student
understands or not, but the GPT cannot.
Micheal was successful in forming pre-arguments; therefore, he generally did not
change his argument components. Nevertheless, he actively engaged with the chatbot
and highlighted certain functions, such as its ability to clarify topics and reduce the
need to read entire texts. However, he also noted some limitations, including the
chatbot’s difficulty understanding context and reliance on prompts to fix the
misunderstanding. He expressed his ideas about the module experience as follows:
It was fun and | had very good experiences. It takes a lot of time to read the
text; | save time because it gives me the relevant parts of the text. It helped
me understand better. When I ask a question, it answers immediately. It does
not provide much convenience because | wrote the same argument. It could

have answered more logically. It would have been better if | hadn't had to
correct it again. | wish it had understood the inquiry all at once.
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4.4 Summary of findings

Participants gradually improved their pre-argument levels among sessions and
showed a development in their level of argument components after the chatbot
interaction. According to the analysis of chatbot conversation logs, they used the
chatbot mostly to ask for guidance (f = 76), and the chatbot generated responses to
provide guidance (f = 84). Regarding the response quality of the chatbot, it generated
responses that were generally suitable for the context and correct (f = 135).

Based on the data obtained from the perception questions, participants
expressed that the chatbot provided guidance (f = 11) and made it possible to learn
new information (f = 20), made the topic understandable (f = 4), and provided
expression in scientific language (f = 6). Additionally, participants defined chatbot as
understandable (f = 12) and informative (f = 8)

Although participants generally improved their scientific argument levels,
two participants experienced a decline in argument quality during Sessions 1 and 2.
Analysis of chatbot conversation logs revealed that this decline stemmed from the
chatbot’s confusion about argument components and its generation of complex
responses, leading participants to misinterpret components and produce lower-quality
arguments. Additionally, participants reported difficulties during interactions,
attributing these challenges to the chatbot’s complex, out-of-context responses and
confusing argument elements. Examining the chatbot’s responses confirmed the
presence of complex and contextually inappropriate outputs (f =29).

Furthermore, it was noted that the chatbot provided detailed responses
tailored to participants’ specific requests rather than delivering complete texts,

thereby saving time and enhancing participant motivation. Additionally, the chatbot
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demonstrated sensitivity to participants’ intent, enabling it to interpret fragmented

sentences and generate appropriate responses accordingly.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The greenhouse effect has resulted in severe environmental challenges, such as
global warming and ecosystem degradation, necessitating public action to mitigate its
consequences (Jay et al., 2023). Effective public action requires fostering scientific
literacy starting from early ages, which can be promoted through scientific
argumentation (Driver et al.,2000; Lieskovsky & Sunyik,2022). Scientific
argumentation could be practiced by formulating a scientific explanation, which
consists of evidence and reasoning that supports the formed claims (McNeill et al.,
2006); however, forming well-structured claims requires formative feedback from
teachers, which is a challenging task in real classrooms (Hendratmoko et al., 2023).
Recently, chatbot technologies have been used to provide scaffolding and immediate
feedback to handle this issue (Guo et al., 2023; Su et al., 2023; Yang et al., 2022).
Despite the growing interest in Al-supported learning environments, few
studies have investigated how generative Al chatbots, especially those customized
through user-friendly interfaces like POE, can support scientific argumentation in
middle school settings and within socio-scientific contexts such as the greenhouse
effect. Therefore, this study aims to explore how a learning module designed based
on the Argument-Driven Inquiry (ADI) instructional model with generative Al
integration facilitates sixth-grade students’ written scientific argument quality in the
context of the greenhouse effect and their interaction with the chatbot and their
perceptions of this experience. Data were collected from five sixth-grade participants
through their argumentation templates, perception forms, and chatbot conversation

logs.
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The findings indicated an improvement in participants’ written scientific
arguments, and participants generally benefited from the chatbot in getting feedback
and guidance for their existing arguments. The chatbot effectively responded to
participants’ requests, facilitating the learning of new information, as commonly
reported by the participants in their answers to perception forms included seven
open-ended questions to reveal their perceptions. This section discusses the findings
related to the research questions and presents the study’s limitations, implications,

and recommendations for future research.

5.1 Participants’ scientific argument quality

The findings of this study indicated that students who participated in a specifically
designed learning module based on the ADI instructional model, integrated with
Generative Al in the context of the greenhouse effect, developed their scientific
arguments throughout the learning module. Within the module, the practice of
scientific argumentation was supported through scaffolding provided by chatbot
interactions. Thus, it is essential to highlight that the module facilitated a learning
environment for participants to learn how to form a scientific argument;
consequently, despite the initially low levels of pre-arguments observed in Sessions 1
and 2, participants achieved higher levels by Session 3, indicating a gradual
development with the help of GenAl integration.

The findings of this study indicate that participants benefited from
scaffolding, as the chatbot’s feedback and guidance contributed to the development
of their scientific arguments. The effectiveness of scaffolding in promoting argument
development has also been supported in previous research (Jin & Kim, 2021;

McNeill et al., 2006). Yang and colleagues (2022) also indicate that students who
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utilized scaffolding prompts outperformed their peers who did not, particularly in
constructing evidence-based arguments that align with the argument structure.
Likewise, Guo et al. (2023) demonstrated that students who benefited from the
“Argumate” chatbot generated more organized, sufficient, and elaborated claims by
considering multiple perspectives (Guo et al., 2023).

In Session 1, improvement in Ruby’s argument level may be attributed to the
scaffolding effect of the chatbot, which provided example-based guidance on how to
structure argument components. This is aligned with the previous studies
investigating the role of scaffolding while developing scientific argumentation (Jin &
Kim, 2021; McNeill et al., 2006).

During this session, both Angelia and Emily encountered difficulties related
to the chatbot, which led to their post-arguments being classified at Level 0. The
chatbot’s misinterpretation of argument components appeared to misguide their
revisions. Specifically, Angelia wrote a claim that conflated all components of an
argument, while Emily replaced her pre-evidence with reasoning elements in her
revised version. These examples indicate that confusion introduced by the chatbot
affected the participants' revision behaviour.

Although Rose was defined as a high achiever in science courses, she initially
experienced confusion regarding argument components in her pre-argument; yet,
after the interaction with the chatbot, this confusion was resolved, enabling her to
revise her argument, resulting in high-quality argument components. This finding is
consistent with Lin and Mintzes (2010), who observed that high achievers often
struggle to differentiate between evidence and reasoning, as well as in constructing

rebuttals. Despite their high levels of achievement, these students may need explicit
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instruction and contextualized feedback to enhance their argumentation skills
regarding socioscientific issues (Lin & Mintzes, 2010).

In the literature (Zhu et al., 2017; 2020), high achievers performed more
revision behaviour in their arguments than low achievers. In this study, participants
defined as high achievers, Ruby, Rose Angela, and Emily, also showed revision
behaviour, and Ruby and Rose developed their pre-arguments to Level 2. However,
Michael did not show revision behaviour in his scientific argument components,
which were Level 2; rather, he benefited from the chatbot in verifying his pre-
argument to identify alternative perspectives about the topic, by asking for feedback.
Even though Michael was defined as a high achiever in science courses, he was
reluctant to change his pre-argument, which contradicts with prior studies (Zhu et al.,
2017; 2020).

Micheal’s reluctance in revision may reflect a sense of over-confidence in
initial responses or a limited perception of the need for refinement, previously
mentioned by Walker and Lower (2019), in which overconfidence led to resistance in
revising initial responses.

In Session 2, Ruby and Angelia demonstrated development in their argument
components, specifically, evidence and reasoning, utilizing the chatbot guidance,
which provided alternative argument component examples to enhance their pre-
arguments. However, in this session, Emily and Rose experienced difficulty in time
management, resulting in Level 1 post-argument components. Emily couldn’t benefit
from the chatbot effectively because she could write only three entries during the
session and thus did not get feedback or guidance for pre-reasoning. Rose also
struggled to manage time, and she wrote incomplete sentences as post evidence.

Moreover, akin to the findings of Walker and Lower (2019), where students resisted
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revising their initial claims when those claims were affirmed, Emily misinterpreted
the chatbot’s response by focusing on the introductory sentences and omitting the
suggestions in the response. Therefore, she did not change her pre-reasoning,
resulting in Level 1.

Conversely, Micheal generally benefited from getting feedback by asking a
general evaluation about his existing argument and did not change his pre-evidence
assigned as Level 2. Although high-achieving students such as Michael
demonstrated well-structured arguments, findings suggest that even these students
benefited from additional guidance in refining reasoning and considering alternative
perspectives, a need previously highlighted by Ho et al. (2019) and Kizkapan and
Nacaroglu (2020).

In Session 3, Ruby generated a low-level pre-evidence, Angelia formed a
low-level pre-reasoning, and both Rose and Michael produced low-level pre-claims.
Apart from these individual instances, participants generally constructed high-level
components in their pre-arguments. Moreover, all participants showed development
in their post-arguments, reaching Level 2 components with the support of the
chatbot. These findings suggest that students became more familiar with scientific
argumentation and enhanced their ability to engage with the chatbot. This included
recognizing confusion in the chatbot's argument components, requesting revisions,
and reiterating their inquiries when the responses did not align with their requests.
This improvement can be attributed to the participants’ use of metacognitive skills to
assess the chatbot's responses. The findings presented align with the research
conducted by Abdelghani et al. (2025), who propose that students exhibiting a

proactive approach in seeking clarification when faced with ambiguous responses are
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likely engaging in reflective practice regarding their understanding. This behavior

suggests a concerted effort to ensure the accuracy and depth of their knowledge.
While student improvement in argument quality was evident, it is equally

important to explore how chatbot interaction shaped this development, which is

discussed in the following section.

5.2 Participants’ interaction with the chatbot

This study also aims to reveal how students interact with a specifically designed
chatbot to develop their scientific arguments during the learning module. Therefore,
within the scope of this study, participants' purposes for using the chatbot, defined as
their reasons for the interaction, the chatbot’s functions, which include the chatbot’s
capabilities such as providing feedback and guidance, and response quality,
evaluated as the compatibility and contextual relevance, were analyzed.

Based on the qualitative analysis of 163 chatbot conversation logs,
participants mostly benefited from the chatbot to ask for guidance (f = 76), defined as
asking how to enhance the argument with alternative argument components, and
feedback (f = 43), described as asking evaluation for existing argument, resulting in
revision and development in their arguments.

Participants with more developed initial arguments tended to request
feedback more frequently, whereas those with less developed arguments more often
sought guidance. Participants generally asked for feedback to validate their initial
arguments through evaluations provided by the chatbot. The chatbot’s feedback may
have contributed to the development of their arguments; however, participants who
received high-quality feedback did not always revise their arguments accordingly.

For instance, Micheal frequently received relevant and accurate feedback, yet he
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showed limited change in his argument across sessions. Although Michael did not
revise his initial argument components, he used the chatbot’s feedback to verify his
argument elements, which were rated at Level 2. It is also important to note that,
despite the absence of revision behavior, it facilitated self-directed learning,
encouraging participants to persist with their work.

In addition to these, students utilized the chatbot to ask questions out of
curiosity (f = 8), suggesting that it enhanced students’ learning motivation and
encouraged them to explore further inquiries (Lo et al., 2024).

Regarding chatbot functions, in this study, the chatbot primarily provided
guidance, feedback, general information, and summarization. Notably, it responded
adaptively to participants’ queries, aligning with previous findings that highlight
chatbots’ capacity to deliver level-appropriate explanations and personalized
instructional support (Chang et al., 2023). Furthermore, its ability to summarize
relevant scientific content is consistent with Farrokhnia et al. (2023), who reported
that such summarization features can facilitate students’ comprehension and reduce
time spent.

However, these benefits were accompanied by certain challenges in chatbot
interactions. In particular, the chatbot often provided excessive guidance and general
information, resulting in lengthy responses even when the prompts given by the
researcher were limited to 30 words. This finding is in line with prior studies
suggesting that overly detailed responses may reduce the effectiveness of scaffolding
by overwhelming students with information and hindering their ability to resolve
conceptual conflicts (Ng et al., 2024; Wang et al., 2024).

Moreover, the findings indicated that in order to receive accurate and

contextually appropriate support, participants were required to formulate specific and

113



well-structured questions. In cases where general or vague prompts were used, the
chatbot tended to generate complex or irrelevant responses. As a result, participants
often requested additional clarification through follow-up prompts, such as
requesting a revision (f = 9) or summarization (f = 6), which helped the chatbot
rectify previous errors.

The literature also suggests that students need to prompt specific details to
obtain relevant feedback for their inquiries (Ng et al., 2024). Consistent with this, Su
et al. (2023) noted that the chatbot struggled to provide suitable responses when
participants did not pose questions about the feedback.

It is important to highlight that the chatbot generally had a high level of
capability in detecting the participant’s intention; although there existed a fragment
sentence, it generated a response suitable for the context by eliminating language-
related problems (Zhang & Tur, 2023); however, sometimes it had difficulty to
detect the context, by failing to interpret that the student had not completed the
inquiry and click the send button. The chatbot was expected to ask the participant to
ask the inquiry again. The literature also mentioned this problem; in the study of Su
et al. (2023), the chatbot also failed to ask guiding questions by making evaluations
rather than making students think.

The chatbot showed effective performance in addressing students’ inquiries,
generating 135 suitable context responses out of 163 responses. In a study by Wang
et al. (2024) that examined the feedback capabilities of ChatGPT, the responses were
also found to be successful, with a 91% precision rate for quantitative feedback,

which focuses on presence of argument components, in the context of argumentation.
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5.3 Participants’ perception of the module experience

This study explores the participants’ perceptions of the chatbot's effectiveness in
developing their arguments. Accordingly, participants’ views were collected and
analyzed at the end of each session. Participants’ responses were categorized as their
perceived chatbot’s functions, perceived response properties, effect on student
motivation, and problems.

Findings showed that participants regarded the chatbot’s functions as
learning new information (f = 20) and providing guidance (f = 11), providing
expression in scientific language (f = 6), and reducing the need to read a longer text
(f = 6) and making the topic understandable (f = 4). Regarding the chatbot’s
responses, participants found the responses understandable (f = 12) and informative
(f = 8). Regarding student motivation, they also expressed a desire to use it again
(f = 4). These findings align with Chang et al. (2023), who reported that students
found the Inquirybot effective in making inquiry activities and procedures
comprehensible, and with Topal et al. (2021), who reported that students perceived
chatbot interactions as both useful and engaging.

The reported findings indicated that participants regarded the chatbot as a tool
that makes it easier to understand topics without spending too much time on them.
This perception is consistent with Pasca and Arcese (2024) and Urban et al. (2024),
who found that participants regarded ChatGPT as a beneficial tool for simplifying
activities and reducing the time required to complete tasks.

Furthermore, participants were keen to reuse the chatbot, which can be
attributed to the chatbot’s immediate and individualized response features and
guiding facilities. This aligns with findings from Farrokhnia et al. (2023), Lo et al.

(2024), and Zhang and Tur (2023), which highlight the advantages of the chatbot’s
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self-improvement capacity, as well as its ability to provide individualized and
simultaneous responses.

Notably, the participants in this study had no prior experience interacting
with a chatbot, which may explain their observed attitudes, including a deficiency in
tapping skills and motivation to use the chatbot again. However, the participants also
mentioned some challenges they experienced during their interactions. These
included the chatbot’s long (f = 7) and confusing (f = 7) responses, as well as
participants’ need to request revisions due to out-of-context replies (f = 3). This
finding was also highlighted in the analysis of Research Question 2. In the literature,
these problems were also mentioned by Farrokhnia et al. (2023), who describe the
chatbot’s tendency to produce easily decontextualized responses. This data shows the

need for improved prompts in designing chatbot-based learning modules.

5.4 Recommendations and implications for future research

The findings of this qualitative study suggest that a learning module designed based
on the ADI framework by integrating generative Al can effectively enhance students’
written scientific argumentation quality in the context of the greenhouse effect
results. While forming scientific arguments, participants benefited from the chatbot
technologies, mainly by asking for guidance and feedback, learning new information
about the context, or finding the answers to their curiosity-driven questions. Science
education aims to make students individual learners who can construct explanations
utilizing scientific data, engage in an argument from evidence, and ask questions.
Therefore, chatbot integration facilitates an environment that is compatible with the
aim of science education. However, teachers often struggle to provide timely

feedback due to large class sizes. The integration of chatbot technologies can address
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this challenge by offering immediate, personalized guidance and feedback, ensuring
students remain on task and motivated to learn on topic while confidently asking
their questions to the chatbot.

Moreover, this study highlights the potential of chatbot technologies in
facilitating students’ access to new information when they seek further understanding
of the topic. Although in this study, the interaction between content knowledge and
argument quality was not explored, analysis revealed that participants frequently
requested general information and revised their arguments, benefiting from the
obtained information received chatbot response.

Furthermore, this study showed that participants gained experience evaluating
chatbot responses and asking for revisions by detecting problems and learning how
to troubleshoot. This process is noteworthy because it fosters self-regulation and
problem-solving abilities.

This study suggests that there should be more scientific argumentation
practice in science curricula, as it equips students with an understanding of scientific
processes and the ability to articulate explanations using scientific language.
Moreover, in an era shaped by artificial intelligence, this study highlights the benefits
of integrating chatbot technologies into learning environments. While these tools
offer valuable affordances, the study also cautions against overreliance. Accordingly,
teachers and curriculum developers should also focus on integrating these
technologies by teaching students how to use them properly with critical
perspectives.

Additionally, the challenges identified in chatbot interactions, such as lengthy
and irrelevant responses, underscore the need for chatbots specifically designed for

educational purposes. Widely used chatbots like ChatGPT often lack the pedagogical
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grounding necessary for effective interaction. This study recommends the
development of chatbots with expertise in educational technologies tailored to
support teachers and students in science education. For instance, educational
authorities could create an interface integrated into platforms like EBA (Turkey’s
Educational Informatics Network), featuring a chatbot trained in pedagogical
strategies. Such a chatbot could enable students to pose follow-up questions after
engaging with instructional videos or completing tests.

Although this study offered significant insights into the integration of
generative Al in scientific argumentation, certain aspects warrant further exploration
in future research. This study was done with five participants with a relatively
homogeneous sample. Thus, there is a need to repeat this study with more
participants with diverse backgrounds. This study did not take into account
individual differences such as participants’ prior knowledge and technological
familiarity, which may have influenced their interaction with the chatbot and their
argumentation performance. Future research should consider these factors to better
understand their impact on students’ use of generative Al tools. Additionally, the
study focused solely on the final written scientific arguments, without capturing the
reasoning processes that occurred during argument construction. Therefore, future
studies are encouraged to employ methods such as think-aloud protocols to gain
deeper insights into students’ reasoning throughout the learning task. Moreover, this
study was limited to a short intervention period. Further research should investigate
how students’ argumentation quality and their interaction patterns with chatbots
evolve over extended periods, particularly as they become familiar with the chatbot.

Besides, future studies should consider conducting this research in group

settings to better understand the interaction between the Argument-Driven Inquiry
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(ADI) framework and chatbot usage in scientific argumentation, thereby enabling
researchers to evaluate the effectiveness of chatbots in facilitating student feedback
formation. In this regard, students should also receive training on how to form
feedback and what good feedback includes. Thus, the steps of the ADI framework
can be applied efficiently.

During the learning module, students encountered challenges stemming from
the chatbot’s responses, this problem could be attributed to inadequate prompting.
This highlights the need for detailed and well-structured prompting to provide
guiding questions for students, as well as the involvement of professionals with
expertise in generative Al coding to optimize chatbot functionality.

Prior to this study, no chatbot had been specifically designed to enhance
scientific argumentation quality for middle school students in a pedagogically
appropriate manner. Therefore, the researcher needed to create her own chatbot,
benefiting from the POE interface, which necessitates effective and detailed
prompting. Despite the researcher’s efforts to include comprehensive details in the
prompts, the chatbot occasionally misinterpreted participants’ inquiries, underscoring
the need for a generative Al tool designed for educational purposes with a user-
friendly interface accessible to non-experts in prompting. Following the completion
of this study, Stanford University launched a new chatbot interface, which offers a
promising solution for such challenges. Therefore, future research should leverage
this interface to develop chatbots tailored to specific educational goals, ensuring

compatibility with pedagogical frameworks like ADI.

119



5.5 Limitations

This study provides a deeper understanding of the chatbot interaction of students in
the context of scientific argumentation; however, several limitations must be
acknowledged.

One of the limitations of this study is its small sample size and the
homogeneity of the participants. With only five participants, the findings may not be
representative of the larger population of sixth graders. Additionally, the similar
levels of achievement in science courses among the participants may restrict the
transferability of these results to other classroom practice contexts.

This study was initially designed to consist of group activities compatible
with the ADI framework in a classroom setting with 15 students. However, during
the pilot study, students struggled to provide effective peer feedback, and an
insufficient number of technological devices forced them to work in crowded groups,
resulting in ineffective chatbot interactions. Therefore, in the study, to eliminate
limitations stemming from technological devices, the study was redesigned to
include only five students, selected in consultation with the classroom guidance
teacher, with five identified as high achievers. So, double blind peer review and
revision of the report steps of the ADI framework, which include group work, were
omitted.

Additionally, the study was implemented for three weeks due to curriculum-
plan-related issues. However, to explore how students interact with the chatbot while
forming scientific arguments, as they become more proficient in utilizing the chatbot,
there is a need for longitudinal studies. Although this study included three sessions,
each consisting of 120 minutes, a longitudinal study could provide deeper insights

into the sustainability of these developments.
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Besides, this study did not investigate students’ characteristics, such as their
technological skills and scientific argumentation levels, before the study; therefore,
future research should explore students’ development in scientific argumentation by
considering individual variables such as technological proficiency and prior

argumentation skills.
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APPENDIX A

ENGLISH AND TURKISH VERSIONS OF RESEARCHER-DESIGNED

PROMPT INFORMED BY THE PILOT STUDY

Given prompt

You are a young middle school science teacher and researcher, collecting data for your thesis
by interacting with students. You’ll teach them to write scientific arguments on the effects of
global warming on sea levels. Their arguments must include claim, evidence, and reasoning
components. A claim answers the research question; evidence is scientific data supporting the
claim, obtained through research or existing data, sufficient to support the claim. Reasoning
explains why the data is considered evidence, showing why the evidence aligns with the claim.
Using the rubric:

Claim Component:

0: No claim or incorrect claim.

1: Correct but incomplete claim.

2: Correct and complete claim.

Evidence Component:

0: No evidence or only irrelevant evidence.

1: Relevant but insufficient evidence; may include irrelevant evidence.

2: Relevant and sufficient evidence.

Reasoning Component:

0: No reasoning or reasoning doesn’t connect evidence to claim.

1: Reasoning connects claim and evidence but repeats evidence and/or includes some scientific
principles, yet insufficient.

2: Reasoning connects evidence to claim, includes appropriate and sufficient scientific
principles.

Example meeting criteria:

Claim: Plants produce oxygen during photosynthesis.

Evidence: Experiments show oxygen levels increase when plants in a dark room are exposed to
light.

Reasoning: Plants use light to convert carbon dioxide and water into glucose, releasing oxygen.
This process, photosynthesis, explains the observed oxygen increase.

Provide feedback based on the rubric, offering constructive criticism for weaknesses and
praising strengths. Answer their topic-related questions, but if they go off-topic, gently redirect
them. Responses must not exceed 2 sentences and 30 words.

For weak arguments:

If the claim is very weak:

"Your claim lacks detail. Can you add scientific evidence and reasoning to support it?"

If the claim lacks evidence and reasoning:

"You made a claim without detail. Can you include scientific evidence and reasoning to
support it?"

If the explanation is good but evidence and reasoning are insufficient:

"You identified climate factors related to temperature. Can you add evidence and reasoning to
explain the relationships?"

If there’s evidence but no reasoning:

"You provided evidence for your claim. Can you explain how or why it supports your claim?"
If there’s reasoning but no evidence:

"You included scientific reasoning for your claim. Can you add evidence to support your
reasoning?"

If all components are complete:

"You included evidence and reasoning to support your claim. Great job!"
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Potential claims from the text:

"Rising sea levels in many regions are already impacting communities."

Evidence: "The South Pacific island nation of Kiribati saw a 2.6 mm sea level rise between
1992 and 2010." and "China’s Yellow River Delta is flooding due to rapid sea level rise."
Reasoning: "Some villages have already relocated to escape rising tides."

Another claim: "Rising seas cause saltwater intrusion into inland freshwater sources."
Evidence: "This is seen in Bangladesh, where large agricultural lands are affected, forcing
people to leave."

Reasoning: "Saltwater intrusion into freshwater sources and soil pollutes agricultural lands."
and "Flooding contaminates freshwater, causing waterborne diseases, stress, mental health
issues, and damaging tourism sites like beaches and coral reefs in small island nations."
Another claim: "As Pacific island nations flood, hundreds of thousands will be displaced."
Evidence: "Over 50,000 people in the Pacific are displaced annually, with some countries
already making relocation plans.” and "Sea level rise and climate impacts are forcing
displacement in Fiji, Vanuatu, and the Solomon Islands."

Reasoning: "Rising sea levels are expected to force people to abandon homes, move to higher
ground, or migrate.”

Provide feedback within 30 words.

FigureAl. Researcher-designed prompt informed by the pilot study
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Verilen prompt

Sen ortaokul grubuna giren geng bir fen bilgisi 6gretmenisin, aynit zamanda da bir aragtirmacisin ve
tezin icin 6grencilerle yazisarak veri toplayacaksin. Kiiresel 1sinmanin deniz seviyesi lizerine
etkilerini tartigarak onlara bilimsel argiiman yazmayi 6greteceksin.

iirettikleri arglimanlarda iddia kanit ve gerekge bilesenleri bulunmalidir. Bu modele gore iddia,
aragtirma sorusunu yanitlamaya yonelik bir sonugtur; kanit ise iddiay1 destekleyen bilimsel
verilerdir. Bilimsel veri, iddiay1 desteklemek i¢in yeterli olmasi gereken aragtirma veya mevcut
veriler yoluyla elde edilebilir. Gerekge ise kanit olarak kabul edilen verilerin neden kanit olarak
kabul edildigine dair bir agiklamadir. Bagka bir deyisle, muhakeme, kanitin neden iddia ile uyumlu
olduguna inanildiginin cevabidir. " 6grencilerin yazdigi arglimanlara feedback vermeni istiyorum
bu feedback i verirken esas alman gereken rubrik su sekilde: iddia bileseni i¢in

0:iddia yapmaz veya yanlis bir iddia yapar

1:Dogru ama eksik bir iddia yapar

2:Dogru ve eksiksiz bir iddia yapar

Kanit bileseni i¢in

0 Kanit saglamaz veya sadece uygunsuz kanit saglar (iddia ile ilgisiz kanit)

1 Iddia i¢in uygun ama yetersiz kamit saglar; baz1 uygunsuz kanitlar ierebilir

2 Iddia igin uygun ve yeterli kanit saglar

Gerekge bileseni igin:

Seviye Agiklama

0 Gerekge saglamaz veya sadece kanitla iddiay: baglamayan gerekge saglar

1 Iddia ve kanit: baglayan gerekge saglar; kamiti tekrarlar ve/veya bazi bilimsel ilkeleri igerir
ama yeterli degildir

2 Kanit1 iddiaya baglayan gerekce saglar; uygun ve yeterli bilimsel ilkeleri icerir

Bu kriterleri gbz oniine alarak 6grencilere cevap vermeni eksikleri i¢in yapici geri bildirimler
vermeni rica edecegim.

Bu kriterleri saglayan bir 6rnek : Iddia: Bitkiler fotosentez sirasinda oksijen iiretir.

Kanit: Yapilan deneylerde, karanlik bir odada bekletilen bitkiler 1s18a maruz kaldiklarinda oksijen
miktarmin arttig1 gézlemlendi.

Gerekge: Bitkiler, 151k enerjisini kullanarak karbondioksit ve suyu glikoza doniistiiriirken oksijen
ac18a cikarirlar. Bu siire¢ fotosentez olarak bilinir ve deneyde gozlemlenen oksijen artist bu siirecin
bir sonucudur.

Ogrenciye iyi yaptig1 seyleri de mutlaka sdyle. Konu hakkinda sordugu sorular1 mutlaka cevapla
ama konu digina ¢ikarsa uyar ve konuya geri donmesini sagla.

"Verdigin cevaplar 2 ciimleyi ve 30 kelimeyi gegmesin"

zayif argiimanlara

iddia ¢ok zayifsa asagidaki cevabi ver

"{ddian1 heniiz detaylandirmadin. iddiam detaylandiracak bilimsel kanit ve gerekceleri ekleyebilir
misin?"

Eger kanit ve gerekce eksik bir iddia varsa

"Detaylandirma yapmadan bir iddiada bulundun. iddiam destekleyen bilimsel kanit ve gerekceleri
ekleyebilir misin?

Aciklama iyi fakat gerekce ve kanit yeteri kadar iyi degilse

"Sicaklikla iliskili iklimle ilgili baz1 faktorleri tanimladin. Iliskileri agiklayan kanitlar ve gerekgeler
ekleyebilir misin?

Kanit var ama gerekge yoksa

"Iddia i¢in kanit ekledin. Kanitin iddian1 nasil veya neden destekledigini agiklayabilir misin?
Gerekge var ama kanit yoksa

" iddiamz1 destekleyen bilimsel gerekgelere yer verdin. Akil yiiriitmeni destekleyecek kanitlar
ekleyebilir misin?"

Eger tiim bilesenler tamam ise

"iddian1 destekleyecek kanitlar ve gerekceler ekledin. Harika bir is ¢ikardim!

Metinden elde edebilecekleri bazi iddialar su sekilde

"Bir¢ok bolgede deniz seviyesinin ylikselmesinin toplumlar tizerindeki etkileri simdiden goriilmeye
baglamistir. "

bu iddia i¢in kanit

" Giliney Pasifik ada iilkesi Kiribati’de 1992 ve 2010 yillar1 arasinda deniz seviyesinde 2,6
milimetrelik bir ylikselme gordii." ve "Cin'in Sar1 Nehir deltasi deniz seviyesinin ani yiikselmesi
nedeniyle sular altinda kalmaktadir." olabilir
bu kanit i¢in gerekge
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"Baz1 kdyler yiikselen gelgitlerden kagmak igin simdiden yer degistirmek zorunda kalmigtir. "
baska bir iddia " Yiikselen denizler, i¢ kesimlerdeki tatli su kaynaklarina tuzlu su girmesine neden
olmaktadir."

bu iddia i¢in kanit " Bu durum, genis tarim arazilerinin oldugu ve insanlarin topraklarindan
ayrilmak zorunda kaldig1 Banglades'te gortilmektedir. "

bu kanita gerekge olarak " Ayrica, tatli su kaynaklarina ve topraga daha fazla tuz girdigi igin tarim
arazileri de kirlenmektedir." ve " Bu durum, genis tarim arazilerinin oldugu ve insanlarin
topraklarindan ayrilmak zorunda kaldig1 Banglades'te goriilmektedir. Tagkinlarin tath su
kaynaklarini kirletmesinin yanisira insanlarin sagligini tehdit eden su kaynakli hastaliklara neden
olup stres ve ruh saglig1 sorunlarina yol agabilir. Ayn1 zamanda, 6zellikle gelismekte olan bir¢ok
kiigiik ada devletinde 6nemli bir gelir kaynagi olan plajlar, tatil koyleri ve mercan resifleri gibi
diger turistik yerler zarar gorebilir." olabilir

baska bir iddia " Pasifik ada iilkeleri sular altinda kaldik¢a, yiiz binlerce kisi yerinden olacaktir"
bu iddiaya kanit olarak

". Su anda bile Pasifik'te her y1l 50.000'den fazla insan evlerinden ayrilmak zorunda kalmaktadir.
Bu iilkelerden bazilar1 simdiden yeniden yerlestirme planlar1 yapmis durumdadir.”" ve " Deniz
seviyesinin ylikselmesi ve diger iklim etkileri, Fiji, Vanuatu ve Solomon adalar1 gibi Pasifik
Okyanusu iilkelerindeki insanlar1 simdiden yer degistirmeye zorlamaktadir. "

bu kanita gerekge olarak "Deniz seviyesinde beklenen bu yiikselmenin insanlart evlerini terk
etmeye, varsa daha yliksek yerlere tasinmaya veya nihayetinde go¢ etmeye zorlayacagi 6n
goriilmektedir. " olabilir. cevaplarini ver.

cevabin maksimum 30 kelime olacak!!!!

Figure A2. Turkish version of the researcher-designed prompt informed by the pilot
study
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APPENDIX B
ENGLISH AND TURKISH VERSIONS OF KNOWLEDGE SOURCE FOR

SESSION 3

Consequences of sea level rise

As the name suggests, sea level rise refers to the increase in the total volume of
ocean water. This phenomenon is a natural result of the warming of our planet. When
ice is exposed to heat, it melts; and when land-based ice melts and flows into the
ocean, sea levels rise. This increase is caused not only by melting glaciers and polar
ice sheets but also by the natural expansion of water as it warms—thus, as oceans
heat up, sea levels rise.

Since 1850, global sea levels have risen by about 20 cm due to global
warming, which is driven by greenhouse gas emissions from the burning of coal, oil,
and gas. For thousands of years, sea levels remained relatively stable, and human
communities settled along the world’s coastlines. However, in the past 20 years, sea
levels have risen more than 5 centimeters. Data shows that this rise has accelerated in
recent years.

In many regions, the effects of sea level rise on communities have already
begun to be seen. In Miami, for example, streets in the city center are regularly
flooded during high tides. The South Pacific island nation of Kiribati experienced a
2.6 millimeter rise in sea level between 1992 and 2010. Considering that the land is
only 2 meters above sea level, this rise poses significant risks. Some villages have
already been forced to relocate to escape rising tides. Additionally, China’s Yellow
River Delta is being submerged due to sudden rises in sea level.

Rising seas are causing saltwater to infiltrate inland freshwater sources. This poses a

risk of contaminating drinking water in coastal areas, including major cities like
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Miami, New Orleans, and Shanghai. Moreover, as more salt enters freshwater
sources and soil, agricultural lands become contaminated. This can be seen in
Bangladesh, where vast farmlands are affected and people are forced to leave their
land. In addition to contaminating freshwater, flooding can cause waterborne
diseases that threaten human health, as well as lead to stress and mental health issues.
At the same time, beaches, resorts, and coral reefs, major sources of tourism income,
especially in many developing small island nations, may be damaged.

Due to sea level rise, it is predicted that entire populations of several countries will
have to relocate, potentially leading to refugee crises. It is estimated that around 900
million people—approximately one in ten people globally—Ilive in areas close to the
sea. Populations living in coastal areas of densely populated countries such as
Bangladesh, China, India, the Netherlands, and Pakistan are at risk and are expected
to experience flooding disasters.

As Pacific Island countries are submerged, hundreds of thousands of people
will be displaced. Even now, more than 50,000 people are forced to leave their
homes each year in the Pacific. Some of these countries have already begun making
resettlement plans. Low-lying small islands face the most critical threats. Sea level
rise and other climate impacts are already forcing people in Pacific Ocean countries
such as Fiji, Vanuatu, and the Solomon Islands to relocate. It is predicted that the
expected sea level rise will force people to abandon their homes, move to higher

ground if available, or ultimately migrate elsewhere.
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Deniz seviyesinin yiikselmesinin sonuglari

Deniz seviyesinin yiikselmesi, adindan da anlasilacagi iizere, okyanus suyunun
toplam hacminin artmasidir. Bu durum, gezegenimizin 1sinmasinin dogal bir
sonucudur. Buz 1s1ya maruz kaldiginda erir; karadaki buzlar eriyip su olarak
okyanusa akinca da deniz seviyesi yiikselir. Bu artis, eriyen buzullar ve kutuplardaki
buz tabakalarinin yani sira suyun 1sindik¢a dogal olarak genlesmesinden de
kaynaklanir dolayisiyla okyanuslar 1sindiginda da deniz seviyesi yiikselir.

Deniz seviyesindeki ylikselme 1850 yilindan bu yana diinya genelinde 20 cm daha
yiiksektir bunun nedeni komiir, petrol ve gazin yakilmasindan kaynaklanan sera gazi
emisyonlarinin neden oldugu kiiresel 1sinmadir. Binlerce yildir deniz seviyesi
nispeten sabit kalmistir ve insan topluluklar1 Diinya’nin kiy1 seridine yerlesmistir.
Ancak son 20 yilda deniz seviyesi 5 santimetreden fazla yiikselmistir. Verilere gore
son yillarda bu yiikselis hizin1 arttirmistir.

Bircok bolgede deniz seviyesinin yiikselmesinin toplumlar iizerindeki etkileri
simdiden goriilmeye baglamistir. Miami’de gelgit sirasinda sehir merkezindeki
caddelerde diizenli olarak sel baskinlar1 yasaniyor. Gliney Pasifik ada tilkesi
Kiribati’de 1992 ve 2010 yillar1 arasinda deniz seviyesinde 2,6 milimetrelik bir
yiikselme gordii. Topragin deniz seviyesinden sadece 2 metre yiiksekte oldugu
diisiiniildiiglinde bu artisin ciddi riskler tasidigi sdylenebilir. Baz1 kdyler ytlikselen
gelgitlerden kagmak i¢in simdiden yer degistirmek zorunda kalmistir. Buna ilaveten,
Cin'in Sar1 Nehir deltas1 deniz seviyesinin ani yiikselmesi nedeniyle sular altinda
kalmaktadir.

Yiikselen denizler, i¢ kesimlerdeki tatli su kaynaklarina tuzlu su girmesine
neden olmaktadir. Bu durum Miami, New Orleans ve Sangay gibi biiyiik sehirler de

dahil olmak iizere kiy1 bolgelerindeki igme suyunu kirletme riski tasimaktadir.
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Ayrica, tatli su kaynaklarina ve topraga daha fazla tuz girdigi i¢in tarim arazileri de
kirlenmektedir. Bu durum, genis tarim arazilerinin oldugu ve insanlarin
topraklarindan ayrilmak zorunda kaldig1 Banglades'te goriilmektedir. Taskinlarin tath
su kaynaklarini kirletmesinin yanisira insanlarin sagligini tehdit eden su kaynakl
hastaliklara neden olup stres ve ruh saglig1 sorunlarina yol agabilir. Ayn1 zamanda,
ozellikle gelismekte olan bir¢ok kiiclik ada devletinde 6nemli bir gelir kaynagi olan
plajlar, tatil kdyleri ve mercan resifleri gibi diger turistik yerler zarar gorebilir.
Deniz seviyesinin yiikselmesi nedeniyle, bir¢ok iilkenin niifusunun tamaminin yer
degistirmek zorunda kalacagi ve potansiyel miilteci krizlerinin olusacagi
ongoriilmektedir. Yaklasik 900 milyon insanin, yani diinya tizerindeki her 10 kisiden
birinin denize yakin yerlerde yasadig1 tahmin edilmektedir. Banglades, Cin,
Hindistan, Hollanda ve Pakistan gibi yogun niifuslu iilkelerin kiy1 bolgelerinde
yasayan insanlar risk altinda olacagi ve sel felaketlerine maruz kalmalari
beklenmektedir.

Pasifik ada iilkeleri sular altinda kaldikga, yiiz binlerce kisi yerinden
olacaktir. Su anda bile Pasifik'te her y1l 50.000'den fazla insan evlerinden ayrilmak
zorunda kalmaktadir. Bu iilkelerden bazilar1 simdiden yeniden yerlestirme planlar
yapmis durumdadir. Algakta kalan kiiciik adalar en kritik tehditlerle kars1 karsiyadir.
Deniz seviyesinin yiikselmesi ve diger iklim etkileri, Fiji, Vanuatu ve Solomon
adalar1 gibi Pasifik Okyanusu tilkelerindeki insanlar1 simdiden yer degistirmeye
zorlamaktadir. Deniz seviyesinde beklenen bu yiikselmenin insanlari evlerini terk
etmeye, varsa daha yiiksek yerlere tasinmaya veya nihayetinde gé¢ etmeye

zorlayacagi on goriilmektedir.
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APPENDIX C

RUBRIC FOR SCIENTIFIC ARGUMENT QUALITY ASSESSMENT

Components with
Explanation

Level 0

Level 1 Level 2

Claim: An assertion or
conclusion that answers
the original question
Student Example

Does not make a claim or
makes an inaccurate claim
Compared to the pre-
industrial period,
temperatures around the
world have increased by
1°C and in Tiirkiye, this
increase is expected to be
1.5°C.

Makes an accurate but ~ Makes an accurate and
incomplete claim complete claim

When temperatures rise, Global warming negatively
living things are affects living things
negatively affected.

Evidence : Scientific data
that supports the claim;
the data needs to be
appropriate and sufficient
to support the claim
Student Example

Does not provide
evidence or only provides
inappropriate evidence
(evidence that does not
support the claim)

The increase in
temperature puts pressure
on water resources and
causes a decrease in
agricultural productivity,
which threatens food
security.

Provides appropriate but Provides appropriate and
insufficient evidence to  sufficient evidence to support

support claim; may the claim

include some

inappropriate evidence  In many regions, it is worsening
The impact of drought conditions, leading to

greenhouse gases on the crop failures, forest fires and
Earth has increased over desertification. According to

the years, causing NASA data, the increase in
desertification, food temperatures worldwide has
shortages and restricting exceeded 1'C compared to pre-
ecosystem diversity. industrial temperatures.

Reasoning: A justification
that links the claim and
evidence and shows why
the data counts as
evidence to support the
claim by using the
appropriate and sufficient
scientific principles

Student Example

Does not provide
reasoning or only
provides reasoning that
does not link evidence to
claim

For people to become
aware of the effects of the
greenhouse effect and to
reduce industrialization

Provides reasoning that Provides reasoning that links
links the claim and evidence to claim; includes
evidence; repeats the appropriate and sufficient
evidence and/or includes scientific principles

some scientific principles

but not sufficient

Scientists estimate that if Increased greenhouse gases
the world's temperature  cause temperatures to rise,
increases by another 2°C, which increases problems such
the temperature will rise  as drought and food shortages.
to 50°C. This increases the frequency of
forest fires, threatening the
diversity of ecosystems.
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APPENDIX D
ENGLISH AND TURKISH VERSIONS OF SAMPLE CHATBOT
CONVERSATIONS BEFORE AND AFTER ADJUSTMENTS BASED ON THE

PILOT

Sample conversation 1 (Before the pilot)

The Researcher:

What kind of evidence and reasoning can be written to support the claim | made?
The Chatbot:

Various pieces of evidence and reasonings can be used to support the claim that
human activities cause an increase in greenhouse gases. Human activities,
particularly the burning of fossil fuels, release greenhouse gases such as carbon
dioxide, methane, and others into the atmosphere, increasing their concentration.
This increase generally leads to rising temperatures and contributes to global climate
change. According to scientific data, the increase in greenhouse gases may
negatively affect future living conditions and raise the risk of climate change.
Therefore, humanity should take precautions to reduce greenhouse gas emissions.
These arguments can be used as suitable evidence and reasonings to support the

claim.

Sample conversation 2 (After the pilot)

The Chatbot:
Hil! I will give feedback on students’ arguments based on the components of claim,

evidence, and reasoning. You can share your argument when you're ready!
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The Researcher:

My claim is that sea level rise will negatively affect us.

The Chatbot:

You haven’t detailed your claim yet. Can you add scientific evidence and reasoning
to support and explain your claim?

The Researcher:

When sea levels rise, we will have to migrate.

The Chatbot:

You made a claim without giving details. Can you add scientific evidence and

reasoning to support your claim?
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KarpondioKsIT seviyelerinaek! artsin Tosi yakitarin Kullanimi ve daiger insan taaltyetieriyie
iligkili oldugunu belirtiyorlar [1][2][2]. Ozellikle enerji santralleri, otomobiller ve fabrikalar gibi
kaynaklar, atmosfere karbondioksit salinimini artirarak sera gazlarinin miktarini ylkseltiyor
[3]. Bu durum, sera etkisini artirarak dtinya sicakliklaninin yiikselmesine ve iklim
degisikliklerine yol agiyor [4]. Dolayisiyla, insan faaliyetlerinin sera gazlarinin artisina katkida
bulundugu iddiasi giigli bir sekilde desteklenmektedir.

yazmis oldugum iddiaya kanit ve gerekce neler yazilabilir
"] Poe

Insanlarin sera gazlarinin artigina neden oldugu iddiasini desteklemek igin su kanitlar ve
gerekgeler kullanilabilir: insan faaliyetleri, &zellikle fosil yakitlarin yakilmasi sonucu atmosfere
salinan karbondioksit gazi, metan ve diger sera gazlarinin miktarini artirmaktadir [2][3]. Bu
artis, dunya genelindeki sicaklik artisina ve kuresel iklim degisikligine yol acmaktadir. Bilim
insanlarinin verilerine gére, sera gazlarinin artmasi gelecekte yasam kosullarini olumsuz
etkileyebilir ve iklim degisikligi riskini artirabilir [1][4]. Bu nedenle, insanlk olarak sera
gazlarimin azaltlmasi igin dnlem alinmasi gerekmektedir. Bu argiimanlar, iddianin
desteklenmesi icin uygun kanitlar ve gerekgeler olarak kullanilabilir.

View sources >

View sources >
@ Stop

FigureD1. Turkish version of the sample conversation 1 (before the pilot)

- Poe

Merhaba! Ogrencilerin yazdigi argiimanlara, iddia, kanit ve gerekge bilesenlerine gére geri
bildirim verecegim. Hazir oldugunda argtimanini paylasabilirsin!

View sources »

iddiam deniz seviyesi bizi kotu etkiler

- Poe

iddiani heniiz detaylandirmadin. iddiani detaylandiracak bilimsel kanit ve gerekceleri
ekleyebilir misin?

View sources

deniz seviyesi artinca biz go¢ etmek zorunda kalinz

Detaylandirma yapmadan bir iddiada bulundun. Iddiani destekleyen bilimsel kanit ve
gerekgeleri ekleyebilir misin?

[~ Poe

View sources >

Figure D2. Turkish version of the conversation 2 (after the pilot)
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APPENDIX E
ENGLISH AND TURKISH VERSIONS OF THE SCIENTIFIC

ARGUMENTATION TEMPLATE

My argument
Please fill in the table below based on your observations in the text and in the

simulation.

The Research Question

(Which question was answered in the text and simulation?)

The claim

(The opinion | reached as a result of my observations)

The evidence The Reasoning
(On the basis of which observation/findings | (Why did | use this evidence, why

did I put forward this idea?) is this evidence important?)
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Arglimanim

Liitfen asagida verilen tabloyu metindeki ve simiilasyondaki gozlemlerinize

dayanarak doldurunuz.

Arastirma Sorum:

(Metinde ve simiilasyonda hangi soruya cevap aradim?)

Iddiam

(Gozlemlerim sonucunda ulastigim fikir)

Kanitlarim

( Hangi gozleme/bulguya dayanarak bu fikri

ortaya koyuyorum ?)

Gerekcem
(Bu kanit1 neden kullandim ,bu

kanit neden 6nemlidir ?)
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APPENDIX F
ENGLISH AND TURKISH VERSIONS OF STUDENTS' PERCEPTIONS OF

LEARNING MODULE

Original version of the questions taken from Chang et al. (2023)
1. What did you like when you were talking with the Inquirybot?
2. What was the most difficult thing when you were talking with the Inquirybot?
3. Do you have any ideas about what needs to be improved or is necessary in

designing the inquiry process with the Inquirybot?”

Adapted versions of the questions

1. What experiences did you have when corresponding with a chatbot?

2. Did you have any difficulties when corresponding with the chatbot? If yes, what
was the most difficult thing? Explain the reason.

3. When you corresponded with a chatbot, did the feedback and answers make it
easier for you to write your arguments?

4. What do you think needs to be improved when corresponding with a chatbot?

5. Were the answers given by the chatbot understandable?

6. Would you want to use a chatbot if we did such an activity again?

7. What have you learnt about the Greenhouse Effect? Was the chatbot effective in

developing your understanding?
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Arastirmada kullanilan uyarlanmis sorular

1. Chatbot ile yazisirken ne gibi deneyimleriniz oldu?

2. Chatbot ile yazisirken zorlandiniz mi? Eger cevabiniz evetse en ¢ok zorlandiginiz
sey neydi? Nedeniyle birlikte aciklayimiz.

3. Chatbot ile yazistiginizda gelen geri bildirimler ve cevaplar argiimanlari
yazmanizda kolaylik sagladi mi1?

4. Chatbot ile yazisirken nelerin gelistirilmesi gerektigini diisiiniiyorsunuz?

5. Chatbot’nin verdigi cevaplar anlasilir miydi?

6. Boyle bir etkinligi tekrar yapsak Chatbot kullanmak ister miydiniz?

7. Sera Etkisi lizerine neler 6grendiniz, bu 6grendiklerinizde Chatbot etkili oldu mu?
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APPENDIX |

PARENTAL CONSENT

T.C.
BOGAZICI UNIVERSITESI
SOSYAL VE BESERI BILIMLER INSAN ARASTIRMALARI ETIK KURULU

KATILIMCI BILGI ve ONAM FORMU

Arastirmay1 destekleyen kurum: Bogazigi Universitesi

Aragtirmanin adi: Uretken Yapay Zekanin Altinct Sinif Ogrencilerinin Sera Etkisi
Konusundaki Bilimsel Argiimantasyon Kalitesini Artirmadaki Roliiniin Incelenmesi
Proje Yiiriitiiciisii: Dr. Ogretim Uyesi Mutlu Sen Akbulut

Arastirmacinin adi: Erenay Atay

E-mail adresleri:

Telefonu:

Sayimn Veli,

Bilimsel argiimantasyonun gelisiminde iiretken yapay zeka kullaniminin etkisine
yonelik bir arastirma gerceklestiriyoruz ve bu ¢alismaya 6grencinizin katilimi i¢in
sizi davet ediyoruz.

Proje Konusu

Bu arastirma Bogazigi Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi
Boliimii 6gretim tiyesi Dr. Mutlu Sen Akbulut danismanliginda yiiksek lisans
ogrencisi Erenay Atay tarafindan “Uretken Yapay Zekanin Altinct Sinif
Ogrencilerinin Sera Etkisi Konusundaki Bilimsel Argiimantasyon Kalitesini

Artirmadaki Roliiniin Incelenmesi” ad1 ile yiiriitiilmektedir.
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Bu caligma, iiretken yapay zeka kullanarak Argiimantasyon Tabanli Sorgulayici
Aragtirma 6gretim modeline dayali olarak tasarlanan ders plani uygulandiktan sonra
altinc1 simif 6grencilerinin sera etkisi konusuna iliskin yazili bilimsel argiimanlariin
niteliklerindeki degisiklikleri ve yapay zekayla etkilesimlerini ve deneyimlerini
ortaya ¢ikarmay1 amaglamaktadir. Calisma Bogazigi Universitesi’nin etik kurul onay1
ile yapilacaktir. Sizi bu arastirmaya velisi oldugunuz 6grencinizin katilimi ile bize
yardimc1 olmaya davet ediyoruz. Kararinizdan once arastirma hakkinda sizi
bilgilendirmek istiyoruz. Bu bilgileri okuduktan sonra arastirmaya katilmak
isterseniz liitfen bu formu imzalayip kapali bir zarf i¢cinde bize ulastiriniz.

Onam

Bu aragtirmada katilim tamamen goniilliiliik esasina dayalidir, katilimin karsiliginda
herhangi bir 6diil verilmeyecektir. Sizlerden gelen onam formlari bagka bir 6gretmen
tarafindan numaralarla eslestirilecek, dolayisiyla arastirmaci sizlerin ¢alismaya
katilip katilmayacaginiz konusunda bilgi sahibi olmayacaktir. Kabul ettiginiz
takdirde 6grencinizin tiim gilivenlik dnlemlerini alarak tablet ve bilgisayar gibi
araglar1 kullanarak tretici yapay zeka ile yazigsmay1 6grendikleri her biri 3 ders
saatinden olusan 3 oturumluk bir deneyime katilmalari, ve veri toplama formlarini
doldurmalar1 beklenecektir. Bu formlar, 6grenme etkinlikleri esnasinda iirettikleri
yazili arglimanlar ile yapay zeka hakkindaki goriislerini almay1 amaclayan agik uglu
sorulara verdikleri cevaplardan olusacaktir. Bu formlari doldurmalar1 en ¢ok 20
dakika siirecektir.

Sera Etkisi temal1 her biri 3 ders saatinden olusan 3 oturumda siirecte 6grencilerin
bireysel olarak dolduracaklar1 ¢alisma kagitlari ile nitel veriler toplanarak
ogrencilerin kiiresel 1sinmanin farkli boyutlariyla ilgili yazdiklar1 bilimsel

argiimanlardaki gelisim takip edilecektir. Her oturumda 25 dakikalik bir siirede
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iiretici yapay zeka 0grenciler tarafindan kullanilacaktir ve 6grenciler olusturduklar
argiimanlari iiretici yapay zekadan faydalanarak daha iyi hale getireceklerdir. Ders
stireci tamamlandiginda deneyimleriyle ilgili agik uglu sorulara verilen cevaplar
bireysel olarak toplanacaktir. Bu arastirma bilimsel bir amagla yapilmaktadir ve
katilimer bilgileri gizli tutulmaktadir. Uygulanan veri toplama araglarinda ¢ocuklarin
ismi yerine bir numara kullanilacaktir. Kisisel bilgi istenmeyecektir.

Bu arastirmaya katilmak tamamen istege baglidir. Ogrenciniz ¢alismaya katildiginiz
takdirde ¢aligmanin herhangi bir asamasinda herhangi bir sebep gostermeden
onayinizi ¢cekme hakkina da sahipsiniz. Ayn1 sekilde 6grenci ¢aligmaya devam etmek
istemedigi takdirde herhangi bir sebep gdstermeden c¢alismadan ayrilabilir.
Katilimcinin ayrilmak istedigi takdirde tiim veriler silinecek ve herhangi bir
arastirmada kullanilmayacaktir. Bu arastirmada 6grencileri birbirleriyle ya da baska
bir 6grenci grubuyla karsilagtirilmayacaktir.

Arastirmanin sizin ya da velisi oldugunuz 6grenciniz i¢in bir risk olusturmasi
beklenmiyor. Caligma sirasinda katilimeilar herhangi bir zamanda herhangi bir
rahatsizlik hissederlerse ¢alismay1 durdurabilirler.

Arastirma ¢ergevesinde toplanan verilerden ulasilan sonuglar yiiksek lisans tez
caligmasi i¢in kullanilacaktir. Katilimer bilgilerinin gizliligi esastir ve sizin ve velisi
oldugunuz 6grencinin bilgileri tamamen gizli tutulacaktir. Arastirma projesi
hakkinda ek bilgi almak istediginiz takdirde liitfen Bogazi¢i Universitesi Egitim
Teknolojisi programi yiiksek lisans 6grencisi ve ayni zamanda arastirmayi
uygulayacak olan okulunuz fen bilimleri 6gretmeni Erenay Atay ve Bogazigi
Universitesi dgretim iiyesi ve tez danisman1 Mutlu Sen Akbulut ile iletisime geginiz

Arastirma katilimcisinin ve velisinin haklar1 konusunda daha fazla bilgi almak i¢in
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Bogazici Universitesi Sosyal ve Beseri Bilimler Yiiksek Lisans ve Doktora Tezleri

Etik inceleme Komisyonu’na (SOBETIK) mail adresinden ulasarak danisabilirsiniz.

Eger bu aragtirma projesine 6grencinizin katilmasini kabul ediyorsaniz, liitfen bu
formu imzalayip kapali bir zarf igerisinde bize geri yollayin. Ben, (sizin adiniz)
............................................ , yukaridaki metni okudum ve velisi bulundugum
Ogrencinin katilmasi istenen ¢alismanin kapsamini ve amacini, goniillii olarak
Ogrencinin lizerine diisen sorumluluklarin1 tamamen anladim. Calisma hakkinda soru
sorma imkan1 buldum. Bu ¢alismay1 6grencinin istedigi zaman ve herhangi bir neden
belirtmek zorunda kalmadan birakabilecegini ve biraktig1 takdirde herhangi bir
olumsuzluk ile karsilagsmayacagimi anladim.

Bu kosullarda s6z konusu arastirmaya 6grencinin kendi istegimle, hicbir baski ve

zorlama olmaksizin katilmasini kabul ediyorum.

Formun bir 6rnegini aldim / almak istemiyorum (bu durumda arastirmact bu kopyay1

saklar).

Tarih (glin/ay/yil): ...../......./........

Katilimcinin Adi-

Tarih (glin/ay/yil): ...../......./........
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Aragtirmacinin Adi-Soyadi: Erenay Atay

Tarih (glin/ay/yil): ...../......./........
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APPENDIXJ

STUDENT CONSENT FORM

T.C.
BOGAZICI UNIVERSITESI
SOSYAL VE BESERI BILIMLER INSAN ARASTIRMALARI ETIK KURULU

KATILIMCI BILGi ve ONAM FORMU

Arastirmay1 destekleyen kurum: Bogazigi Universitesi

Aragtirmanin adi: Uretken Yapay Zekanin Altinct Sinif Ogrencilerinin Sera Etkisi
Konusundaki Bilimsel Argiimantasyon Kalitesini Artirmadaki Roliiniin Incelenmesi
Proje Yiiriitiiciisii: Dr. Ogretim Uyesi Mutlu Sen Akbulut

Arastirmacinin adi: Erenay Atay

E-mail adresi:

Telefonu:

Sevgili 6grenci,

Bilimsel argiimantasyonun gelisiminde iiretken yapay zeka kullaniminin etkisine
yonelik bir arastirma gerceklestiriyoruz ve bu ¢alismaya seni davet ediyoruz.
Proje Konusu

Bu arastirma Bogazici Universitesi Bilgisayar ve Ogretim Teknolojileri Egitimi
Bolimii 6gretim tiyesi Dr. Mutlu Sen Akbulut danigmanliginda yiiksek lisans
ogrencisi Erenay Atay tarafindan “Uretken Yapay Zekanin Altinct Sinif
Ogrencilerinin Sera Etkisi Konusundaki Bilimsel Argiimantasyon Kalitesini

Artirmadaki Roliiniin Incelenmesi” ad1 ile yiiriitiilmektedir.
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Bu calismada, tiretken yapay zeka kullanarak sizlerin sera etkisi hakkindaki bilimsel
argiimanlarinizin kalitelerindeki gelisimi ve bu siirecte yapay zeka ile olan
etkilesimlerinizi ve deneyimlerinizi ortaya ¢ikarmayi1 amacliyoruz. Calisma Bogazigi
Universitesi’nin etik kurul onay ile yapilacaktir.

Seni yukarida bahsedilen arastirmaya katilmaya davet ediyoruz. Kararindan dnce
arastirma hakkinda seni bilgilendirmek istiyoruz. Bu bilgileri okuduktan sonra
arastirmaya katilmak istersen liitfen bu formu imzalayip kapali bir zarf i¢inde bize

ulastir.

Onam

Bu aragtirmada katilim tamamen goniilliiliik esasina dayalidir, katilimin karsiliginda
herhangi bir 6diil verilmeyecektir. Kabul ettigin takdirde, tablet/ bilgisayar gibi
araglar1 kullanarak iretici yapay zeka ile yazigsmay1 6grenmen, her biri 3 ders
saatinden olusan 3 oturuma katilman ve veri toplama formlarini doldurman
beklenecektir. Bu formlar, 6grenme etkinlikleri esnasinda iirettiginiz yazil
arglimanlar ile yapay zeka hakkindaki goriislerinizi almay1 amaglayan agik uglu
sorulara verdiginiz cevaplardan olusacaktir. Bu formlart doldurmaniz en ¢ok 20
dakika stirecektir.

Sera Etkisi temal1 3 oturumluk siiregte sizlerin bireysel olarak dolduracaklar1 ¢alisma
kagitlari ile nitel veriler toplanarak sizlerin yazili bilimsel argiimanlariizdaki
gelisim takip edilecektir. Her oturumda 25 dakikalik bir siirede iiretici yapay zeka
kullanacaksiniz ve olusturdugunuz argiimanlari iiretici yapay zekadan faydalanarak
daha iyi hale getirebileceksiniz. Ders siireci tamamlandiginda sohbet robotu
hakkindaki geri bildirimlerinizi yazili olarak paylasmaniz istenecektir. Bu arastirma

bilimsel bir amacla yapilmaktadir ve katilimc bilgileri gizli tutulmaktadir.
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Uygulanan veri toplama araglarinda senin ismin yerine bir numara kullanilacaktir.
Kisisel bilgi istenmeyecektir.

Bu arastirmaya katilmak tamamen istege baglidir. Sizlerden gelen onam formlari
baska bir 6gretmen tarafindan numaralarla eslestirilecek, dolayisiyla arastirmaci
sizlerin ¢aligmaya katilip katilmayacaginiz konusunda bilgi sahibi olmayacaktir.
Calismaya katildigin takdirde ¢calismanin herhangi bir asamasinda herhangi bir sebep
gostermeden ¢ekilme hakkina da sahipsiniz. Ayni sekilde calismaya devam etmek
istemedigin takdirde herhangi bir sebep gostermeden ¢alismadan ayrilabilirsin.
Ayrilmak istedigin takdirde tiim veriler silinecek ve herhangi bir arastirmada
kullanilmayacaktir. Bu aragtirmada 6grencileri birbirleriyle ya da baska bir 6grenci
grubuyla karsilastirilmayacaktir.

Arastirma ¢ercevesinde toplanan verilerden ulasilan sonuglar yiiksek lisans tez
calismasi i¢in kullanilacaktir. Katilimer bilgilerinin gizliligi esastir ve senin bilgilerin
tamamen gizli tutulacaktir. Aragtirma projesi hakkinda ek bilgi almak istedigin
takdirde liitfen Bogazigi Universitesi Egitim Teknolojisi programu yiiksek lisans
Ogrencisi ve ayni zamanda arastirmayi uygulayacak olan okulunuz fen bilimleri
ogretmeni Erenay Atay ve Bogazi¢i Universitesi dgretim {iyesi ve tez danismani
Mutlu Sen Akbulut ile iletisime ge¢iniz. Haklarin konusunda daha fazla bilgi almak
i¢in Bogazici Universitesi Sosyal ve Beseri Bilimler Yiiksek Lisans ve Doktora
Tezleri Etik Inceleme Komisyonu’na (SOBETIK) mail adresinden ulasarak

danisabilirsin.

Eger bu aragtirma projesine katilmasini kabul ediyorsan, liitfen bu formu imzalayip

kapal1 bir zarf i¢erisinde bize geri yollayin.
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Ben, (yan tarafa adinizi yaziniz) ..........ccccoeeveeeiveenciieeeneene, , yukaridaki metni
okudum ve katilmam istenen ¢alismanin kapsamini ve amacini, goniillii olarak
lizerime diisen sorumluluklar1 tamamen anladim. Calisma hakkinda soru sorma
imkan1 buldum. Bu ¢alismayi istedigim zaman ve herhangi bir neden belirtmek
zorunda kalmadan birakabilecegimi ve biraktigim takdirde herhangi bir olumsuzluk
ile karsilasmayacagimi anladim.

Bu kosullarda s6z konusu arastirmaya kendi iste§imle, higbir baski ve zorlama
olmaksizin katilmay1 kabul ediyorum.

Formun bir 6rnegini aldim / almak istemiyorum (bu durumda arastirmaci bu kopyay1

saklar).

Katilimcinin Adi-

Tarih (giin/ay/yil): ..../c...c./ucee.

Arastirmacinin Adi-Soyadi: Erenay Atay

Tarih (glin/ay/yil): ...../......./........
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APPENDIX K
LEARNING MODULE PLAN ON THE RESULTS OF THE GREENHOUSE

EFFECT

Grade: Sixth grade
Classroom info: 5 students
Duration: 3x4 lesson hours/ 120 minutes x3
2. Expected prior knowledge about the topic:
Students are expected to know temperature and heat concepts, and how evaporation
occurs, and how light is reflected on a surface. Besides, they are also expected to
have a basic understanding of the impact of human activities on the environment
regarding soil, air, and water pollution. Since students got training on how the
greenhouse effect works, they had heard of CO2 gas before, and they are expected to
know how the greenhouse effect works and the possible results.
3. Objectives for the learning module:
Students,
Interpret and explain the evidence obtained from activities and simulations to
describe how Earth’s natural greenhouse effect affects
Communicate the arguments by explaining the results of the greenhouse effect by
interacting with a chatbot.
Engage in an argument stemming from evidence by using generative Al
feedback.

Plan and carry out investigations via simulations.
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4. Science practices:

Asking Questions and Defining Problems: Students formulate research questions for
their arguments

Developing and using models: Students use Phet simulation to construct an
explanation for their observations.

Planning and carrying out investigations: Students plan their investigation and then
obtain data to seek answers for the research questions.

Analyzing and interpreting data: Students analyze their data in their worksheets

and form an explanation by considering their observations during the learning
module

Constructing explanations and designing solutions: Students construct arguments
based on their evidence and reasoning.

Engaging in argument from evidence: Students form scientific arguments after their
observations, and they revise their written arguments by benefiting from evidence

sustained by generative Al.

Possible misconceptions to consider:
The ratio of Carbon dioxide is so small in the atmosphere. It cannot make a

difference (Jarrett & Takacs,2020).

5. Materials needed:
o Digital Devices (e.g., tablets or computers with an internet connection)
o Worksheets
o Smartboard

o Generative Al
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o Board markers

o Papers

6. Body of the lesson

Based on the experiences in the pilot study, the researcher decided to omit some
steps in the ADI instructional model and applied five steps by replacing the group
work with chatbot conversations and neglecting the feedback of classmates.

1. Topic: Results of the greenhouse effect on temperature rise

1. Identification of the task (10 minutes)

Initially, students are asked what they remember about the greenhouse effect by
using the following questions: “What does the greenhouse effect lead to based on
your observations in previous lessons?”, “What kind of problems exist when
temperature values run up? How can it affect us?”, “On Earth, all areas will be
affected equally; why?”” After students discuss these questions, the researcher
introduces the worksheet and the simulation on temperature change over the years.

2. Generation of data (30 minutes)

Students interact with the simulation individually and record their observations on
the given worksheet. After they complete the worksheet, students share their findings
with their classmates. Then, students are given a text about the effects of the increase
in temperature values on Earth. After they read the text, they answer the given
questions individually on paper. Then, students share their answers orally with their

classmates.
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3. Production of a tentative argument (25 minutes)

Students form their scientific arguments individually by using the template based on
data they obtained from the simulation and text. To guide students in forming
structured arguments, students are given an evaluation rubric, so they remember what
kind of characteristics their arguments should have. Students who finish earlier than
others are permitted to continue with other steps of the learning module.

4. Argumentation session (20 minutes)

After students form their arguments, they open the chatbot formed by the researcher
called IndSciArg in the given devices. There, students write their existing arguments
and get feedback individually. The researcher gives suggested prompts to use during
their conversation. While interacting, students are asked to write at least two
questions that were not written in the suggested prompts. When students complete
the conversation, they determine the chatbot responses they plan to use in their
revised arguments.

5. Creation of a written investigation report (35 minutes)

Students write their final version of the scientific arguments, benefiting from chatbot
responses and using the scientific argument template. After that, they write an
explanation for each chatbot response they utilized in their arguments by stating
reasons for selection, including response quality or clarity. Finally, students answer
the perception questions about the learning module experience.

2. Topic: Results of the greenhouse effect on melting ice

1. Identification of the task (10 minutes)

Students are reminded about the previous lesson, and it is expected that temperature
increase and melting ice will correlate. They are asked guiding questions to attract

their attention to the issue. Then, they open the simulation, which shows melting ice
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in different years in different regions. The researcher introduces the simulation
interface.

2. Generation of data (30 minutes)

Students interact with the melting ice simulation individually and discuss their
observations. Then, they are given a text about the effects of melting ice on Earth.
After they read the text, they answer the given questions individually on paper. Then,
students share their answers orally with their classmates.

3. Production of a tentative argument (25 minutes)

Students write their scientific arguments individually based on data they obtained
from a simulation and text, benefiting from a scientific argument template. To guide
students in forming structured arguments, students are given an evaluation rubric, so
they remember what kind of characteristics their arguments should have.

4. Argumentation session (20 minutes)

After students construct their arguments, they open the chatbot called “IndSciArg”
in the given devices. There, students chat for their existing arguments and get
feedback or guidance individually. During their conversation students are given
suggested prompts as well. Besides, they are requested to form at least two questions
not placed in the suggested prompts. When students complete the conversation, they
determine the chatbot responses that led to revision in their arguments.

5. Creation of a written investigation report (35 minutes)

Students generate their final version of the scientific arguments utilizing the
scientific argument template. After that, they write an explanation for each chatbot
response they utilized their arguments by stating reasons for selection, including
response quality. Finally, students answer the perception questions about the learning

module experience.
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3. Topic: Results of the greenhouse effect on sea level rise

1. Identification of the task (10 minutes)

Students are reminded about the previous topic. Students are expected to correlate
melting ice and sea level rise. The researcher directs guiding questions to attract
students’ attention to the issue. Then, students open the simulation, which shows the
amount of incoming water to city centers when the sea level rise reaches specific
values in different scenarios. The researcher explains the simulation tools.

2. Generation of data (30 minutes)

Students interact with the sea level rise simulation individually and discuss their
observations with their classmates. Then, students are given a text about the effects
of sea level rise on Earth. After they read the text, they answer the given questions
related to the text individually. Then, students share their answers orally with their
classmates.

3. Production of a tentative argument (25 minutes)

Students construct their scientific arguments individually based on data they obtained
from a simulation and text using the scientific argument template. While students
form scientific arguments, the researcher facilitates an evaluation rubric, thus they
keep in mind what kind of features their arguments should have.

4. Argumentation session (20 minutes)

After students form their scientific arguments, they open the chatbot called
IndSciArg on the given devices. The researcher provides the suggested prompts that
students can use during their conversation. There, students interacted with the
chatbot to ask for feedback and guidance for their scientific arguments. During the

conversation, the researcher asks students to structure at least two prompts generated
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by themselves rather than given prompts. When the conversation is over, students

determine the chatbot responses they plan to use in their arguments.

5. Creation of a written investigation report (35 minutes)

Students revise their existing arguments utilizing the scientific argument template.

Then, they explain the reasons to use chatbot responses in their arguments. Finally,

students answer the perception questions about the learning module experience.

7. Simulations and hands-on materials

1.

2.

3.

8.

9.

1. Topic-time machine simulation

1. Topic-time: machine simulation worksheet

1. Topic-text and questions about the effect of temperature rise
Scientific argumentation template (see Appendix E)

Suggested prompts (see Appendix L)

2 . Topic-melting ice simulation

2 . Topic-text about the effect of melting ice

3. Topic-sea level rise risk map simulation

3. Topic-text about the effect of sea level rise

10. Perception questions about the learning module (See Appendix F)
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1. Time machine simulation

Global Temperature

Temperature Difference (Fahrenheit) 1_/
4 3 2 4 o 1 SHOOON 4

> 1884 L] 2022

This color-coded map shows a progression of changing global surface temperatures since 1884.
Dark blue indicates areas cooler than average. Dark red indicates areas warmer than average

NASA's Scientific Visualization Studio

Figure K1 Screenshot from the time machine simulation

Source : NASA. (n.d.). Interactives — Climate change: Vital Signs of the planet.
Retrieved December 10, 2024, from https://climate.nasa.gov/interactives/climate-

time-machine/?intent=021
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2. English version of time machine simulation worksheet

Please fill in the table based on your observations.

Name of Region 1884 1939 1976 2022

Europe

Asia

Africa

South America

North Pole

The result | reached:
1. According to the obtained data, how did temperature values change all around

the World?

2. What do you think the change in temperatures might have caused?

157



2. Turkish version of time machine simulation worksheet

Bulgulariniza gore tabloyu doldurunuz.

Bolge Adi 1884 1939 1976 2022

Avrupa

Asya

Afrika

Giliney Amerika

Kuzey Kutbu

Ulastigim Sonug:
1. Elde ettiginiz verilere gore Diinya genelinde sicaklik degerleri nasil

degismistir?

2. Sicakliklardaki degisim sizce nelere yol agmis olabilir ?
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3. English version of the text and questions about the effect of temperature rise
The Effects of Global Warming on Temperature

Global temperature rise, largely caused by human activities, increases the amount
of energy in the atmosphere, leading to the intensification of weather events. As a
result, regions once known for their temperate climates are now experiencing
record-breaking temperatures. This situation not only poses health risks but also
puts energy and water resources at risk of depletion. Moreover, rising
temperatures exacerbate drought conditions in many regions, leading to crop
shortages, forest fires, and desertification.

According to NASA data, global temperatures have exceeded pre-industrial
levels by 1°C. In Turkey, this increase has reached 1.5°C. This situation is
amplifying economic and social challenges in our country. Scientists state that
temperatures in Turkey could rise by up to 5°C, and precipitation in the southern
and western regions of the country may decrease by as much as 30%.

In 2017, forest areas equivalent to 1.3 times the surface area of Yalova province
were damaged by wildfires. That year, 2,411 forest fires broke out, and a total of
1,120 km? of forested land was burned. In cities such as Izmir, Antalya, Bursa,
Tunceli, and many others, thousands of trees were reduced to ashes.

Scientists predict that if global temperatures rise by an additional 2°C, summers
will become much hotter, and in regions like the Middle East and North Africa,
thermometers could reach up to 50°C. Such temperatures could lead to an
increase in forest fires and heatwave-related deaths. The impact of these extreme
weather events extends beyond immediate physical damage, posing significant

challenges to global food security, water resources, and economic stability.
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Sources:

IPCC. (n.d.). IPCC 1.5°C raporu. Birbuguk Derece. Retrieved October 8, 2024,
from https://www.birbucukderece.com/bilimsel-kaynaklar/ipcc-1-5-c-raporu
Mentor, I. (2024, August 22). IELTS reading practice: The effects of global
warming on weather extremes. IELTS.NET. https://www.ielts.net/the-effects-of-

global-warming-on-weather-extremes/

Questions

1. What evidence is provided for the increase in temperatures?

2. Based on the information in the text, what might be the effects of the

temperature increase?

3.1dentify and underline the claim, reasoning, and evidence components in this

text.

160


https://www.birbucukderece.com/bilimsel-kaynaklar/ipcc-1-5-c-raporu

3. Turkish version of the text and questions about the effect of temperature rise
Kiiresel Issnmanin Sicaklhik Uzerine Etkileri

Biiyiik 6l¢iide insan faaliyetlerinin neden oldugu kiiresel sicaklik artis1 atmosferdeki
enerji miktarini artirarak hava olaylarinin siddetlenmesine yol agmaktadir. Bu
nedenle bir zamanlar 1liman iklimleriyle bilinen boélgeler artik rekor kiran sicakliklar
yasamaktadir. Bu durum sadece saglik riskleri olusturmakla kalmiyor, ayn1 zamanda
enerji ve su kaynaklarin1 da tiikenme riskiyle kars1 karsiya birakmaktadir. Dahasi,
artan sicakliklar birgok bolgede kuraklik kosullarin1 daha da kétiilestirerek iiriin
kitligina, orman yanginlarina ve ¢ollesmeye yol agmaktadir.

NASA verilerine gore Diinya genelinde sicakliklar, sanayi 6ncesi doneme gore
1°C’yi agmustir. Tiirkiye’de ise bu artis, 1,5°C olmustur. Bu durum, tilkemizde
ekonomik ve sosyal sorunlar1 artirmaktadir. Bilim insanlar1, Tiirkiye’de sicakliklarin
5°C’ye kadar yiikselebilecegini ve iilkenin giiney ve bat1 bolgelerinde yagislarin
%30’a kadar azalabilecegini soylemektedir.

2017 yilinda, Yalova ilimizin yiizol¢glimiiniin 1,3 kat1 biiyiikliiglinde orman alan1
yanginlarda zarar gérmiistiir. O y1l 2 bin 411 orman yangini ¢ikmis ve toplam 1120
km? ormanlik alan yanmstir. izmir, Antalya, Bursa, Tunceli ve bircok bagka sehirde
binlerce agag kiile donmiistiir.

Bilim insanlari, diinya sicakliklarinin 2°C daha artmasi durumunda, yaz aylarinin ¢ok
daha sicak gececegini ve Ortadogu, Kuzey Afrika gibi bolgelerde termometrelerin
50°C’ye kadar ¢ikabilecegini tahmin etmektedir. Bu sicakliklar, orman yanginlarinin
ve sicak hava dalgalarina bagl 6liimlerin artmasina neden olabilir. Bu asir1 hava
olaylarinin etkisi, anlik fiziksel hasarin 6tesine uzanmaktadir. Kiiresel gida giivenligi,

su kaynaklar1 ve ekonomik istikrar i¢in 6nemli zorluklar teskil etmektedirler.
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Kaynak:

IPCC. (n.d.). IPCC 1.5°C raporu. Birbuguk Derece. Retrieved October 8, 2024,
from https://www.birbucukderece.com/bilimsel-kaynaklar/ipcc-1-5-c-raporu
Mentor, I. (2024, August 22). IELTS reading practice: The effects of global
warming on weather extremes. IELTS.NET. https://www.ielts.net/the-effects-of-

global-warming-on-weather-extremes/

Sorular

1. Sicaklik artisina dair kanitlar nelerdir?

2. Metindeki bilgiler dogrultusunda sicaklik artiginin ne gibi etkileri olabilir?

3. Bumetinde gegen iddia, gerekce ve kanit bilesenlerini bularak altini ¢iziniz.
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7. Melting ice simulation

Glaciers

Alps, Matterhorn

Photographed by Bradford Washbum on Aug. 16, 1960, at 9.00 a.m. (left)
and by David Amold on Aug. 18, 2005, at 9:10 am (right). Courtesy of
Panopticon Gallery, Boston, MA.

Figure K2. Screenshot from melting ice simulation

NASA. (n.d.). Global ice viewer [Interactive tool]. Retrieved October 8, 2024, from

https://climate.nasa.gov/interactives/global-ice-viewer/?intent=021#/1
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8. English version of the text about the effect of melting ice

Melting Glaciers

The ice sheets in Greenland and Antarctica are massive land-based ice masses that
store approximately 70% of the Earth's freshwater. However, global temperature
increases have gradually melted sea ice over time, reducing the brightness of surfaces
that reflect sunlight back into the atmosphere. As a result, more solar energy is
absorbed by the surface, leading to rising ocean temperatures. This initiates a cycle
of warming and melting. The increase in water temperatures delays ice growth
during autumn and winter, making ice formation more difficult, and glaciers mix
with ocean waters.

These changes in sea ice levels can disrupt normal ocean cycles, leading to shifts in
global climate. For example, even a small increase in temperature can cause further
warming over time, making polar regions the most vulnerable areas to climate
change on Earth.

Consequently, as ice sheets shrink, the water they add to the oceans raises global sea
levels. According to NASA data, Antarctica loses an average of 150 billion tons of
ice mass annually, while Greenland loses approximately 270 billion tons per year,
contributing to sea level rise. The melting of ice sheets in Greenland and Antarctica
accounted for about one-third of the global sea level rise observed between 2006 and
2015. Thus, ice sheets are significant indicators not only due to their sensitivity to
climate changes but also because of their role in global sea level rise.

The melting glaciers contribute to rising sea levels, increase coastal erosion, and lead
to more frequent and intense coastal storms such as hurricanes and typhoons due to
warming air and ocean temperatures. Today, the glacier melt observed in Antarctica

and Greenland is altering the circulation of the Atlantic Ocean, which is thought to
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be linked to the collapse of fisheries in the Gulf of Maine and more destructive
storms and hurricanes across the planet.

Even if we significantly reduce greenhouse gas emissions in the coming years, more
than one-third of the world’s remaining glaciers will melt before 2100. If all glaciers
and ice sheets were to melt completely, global sea levels would rise by more than 60
meters.

Resources:

U.S. Environmental Protection Agency. (2025, January 15). Climate change
indicators: Ice sheets.

NASA. (n.d.). Ice melt. NASA Sea Level Change. Retrieved October 8, 2024, from
https://sealevel.nasa.gov/understanding-sea-level/global-sea-level/ice-melt/

NASA. (n.d.). Ice sheets. NASA Climate. Retrieved October 8, 2024, from
https://climate.nasa.gov/vital-signs/ice-sheets/

NOAA. (n.d.). Sea ice and climate. NOAA Ocean Service. Retrieved October 8,

2024, from https://oceanservice.noaa.gov/facts/sea ice-climate.html

Please answer the following questions.

1. Based on the information in the text, what effects could the melting of glaciers

have?

2. Find and underline the components of claim, evidence and reasoning in this text.
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8. Turkish version of the text about the effect of melting ice

Buzullarin erimesi

Gronland ve Antarktika'daki buz tabakalari, diinya yiizeyindeki tath suyun yaklasik
%70'ini depolayan devasa karasal buz kiitleleridir. Ancak sicakliklardaki kiiresel
artig, deniz buzunu zaman i¢inde yavas yavas erittigi i¢in, giines 1s18in1 atmosfere
geri yansitacak olan ylizeylerin parlakligi azalir. Bu nedenle yiizeyde daha fazla
giines enerjisi emilir ve okyanus sicakliklar1 ytlikselir. Bununla birlikte 1sinma ve
erime dongiisii baglar. Su sicakliklarindaki artis, sonbahar ve kis aylarinda buzun
biiylimesini geciktirir ve buz olusumu zorlasir, buzullar okyanus sularina karisir.
Deniz buzu miktarindaki bu degisiklikler normal okyanus dongiisiinii bozarak
kiiresel iklimde degisikliklere yol agabilir. Ornegin sicakliktaki kiiciik bir artis bile
zaman i¢inde daha fazla 1sinmaya yol agabilir, bu da kutup bélgelerini Diinya'daki
iklim degisikligine karsi en hassas alanlar haline getirir.

Sonugta, buz tabakalar kiigiildiik¢e, okyanusa ekledikleri su diinya ¢apinda deniz
seviyesini yiikseltmektedir. NASA verilerine gore Antarktika yilda ortalama 150
milyar ton buz kiitlesi kaybediyor ve Gronland yilda yaklagik 270 milyar ton
kaybederek deniz seviyesinin yiikselmesine katkida bulunuyor. Gronland ve
Antarktika'daki buz tabakalarinin erimesi, 2006-2015 yillar1 arasinda gézlemlenen
kiiresel deniz seviyesi artisinin yaklasik tigte birini olusturmustur. Dolayisiyla, buz
tabakalar1 sadece iklimdeki degisikliklere olan duyarliliklar1 nedeniyle degil, ayn1
zamanda kiiresel deniz seviyesi artisindaki rolleri nedeniyle de 6nemli gostergelerdir.
Eriyen buzullar deniz seviyesinin yiikselmesine katkida bulunmakta birlikte kiy1
erozyonunu artirmakta ve 1sinan hava ve okyanus sicakliklari kasirga ve tayfun gibi
kiy1 firtinalarinin daha sik ve yogun yasanmasina neden olmaktadir. Bugiin

Antarktika ve Gronland'da tanik oldugumuz buzul erimesi, Atlantik Okyanusu'nun
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dolasimini degistiriyor ve Maine Korfezi'ndeki balik¢iligin ¢cokmesi ve gezegenin her
yerinde daha yikici firtinalar ve kasirgalarla baglantili oldugu diistiniiliiyor.
Oniimiizdeki yillarda sera gazi emisyonlarii énemli 6l¢iide azaltsak bile, diinyanin
kalan buzullarinin {i¢te birinden fazlas1 2100 yilindan 6nce eriyecektir. Eger tiim
buzullar ve buz tabakalar erirse, kiiresel deniz seviyesi 60 metreden daha fazla
yiikselecektir.

Kaynak:

U.S. Environmental Protection Agency. (2025, January 15). Climate change
indicators: Ice sheets.

NASA. (n.d.). Ice melt. NASA Sea Level Change. Retrieved October 8, 2024, from
https://sealevel.nasa.gov/understanding-sea-level/global-sea-level/ice-melt/

NASA. (n.d.). Ice sheets. NASA Climate. Retrieved October 8, 2024, from
https://climate.nasa.gov/vital-signs/ice-sheets/

NOAA. (n.d.). Sea ice and climate. NOAA Ocean Service. Retrieved October 8,

2024, from https://oceanservice.noaa.gov/facts/sea ice-climate.html

Liitfen asagidaki sorular1 cevaplayiniz.

1. Metindeki bilgiler dogrultusunda buzullarin erimesinin ne gibi etkileri olabilir?

2. Bu metinde gecen iddia, gerekce ve kanit bilesenlerini bularak altini ¢iziniz.
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9. Sea level rise risk map simulation

Climate Central. (n.d.). Sea level rise map [Interactive map]. Retrieved October 8,

2024, from

https://coastal.climatecentral.org/map/9/35.2506/37.1851/?theme=water_level&map

_type=water_level _above mhhw&basemap=roadmap&contiguous=true&elevation_

model=best_available&refresh=true&water_level=1.0&water_unit=m
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Figure K3. Screenshot from the sea

level risk map

10. English version of the text and questions about the effect of sea level rise

The consequences of sea level rise

Sea level rise, as the name suggests, refers to an increase in the total volume of ocean

water. This phenomenon is a natural consequence of our planet's warming. When ice

Is exposed to heat, it melts; as land-based ice melts and flows into the ocean as water,

sea levels rise. This increase is caused not only by melting glaciers and polar ice

sheets but also by the natural expansion of water as it warms, meaning that sea levels

rise when oceans heat up as well.

Since 1850, sea levels have risen by 20 cm globally, driven by global warming

caused by greenhouse gas emissions from the burning of coal, oil, and gas. For
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thousands of years, sea levels remained relatively stable, and human communities
settled along the Earth’s coastlines. However, over the past 20 years, sea levels have
risen by more than 5 cm. According to data, the rate of this rise has accelerated in
recent years.

The impacts of sea level rise on communities are already being observed in many
regions. In Miami, streets in the city center regularly experience flooding during high
tides. The South Pacific island nation of Kiribati saw a sea level rise of 2.6 mm
between 1992 and 2010. Considering that the land is only 2 meters above sea level,
this increase poses significant risks. Some villages have already had to relocate to
escape rising tides. Additionally, China’s Yellow River Delta is being inundated due
to sudden sea level rises.

Rising seas are causing saltwater to intrude into inland freshwater sources. This
poses a risk of contaminating drinking water in coastal areas, including major cities
like Miami, New Orleans, and Shanghai. Furthermore, as more saltwater enters
freshwater sources and soil, agricultural lands are becoming contaminated. This issue
is evident in Bangladesh, where vast agricultural lands are affected, forcing people to
abandon their lands. In addition to contaminating freshwater sources, floods can lead
to waterborne diseases that threaten human health, as well as cause stress and mental
health issues. Moreover, beaches, resorts, and coral reefs—Kkey tourist attractions and
significant sources of income, particularly for many developing small island states—
may suffer damage.

Due to sea level rise, it is predicted that entire populations of many countries will be
forced to relocate, potentially leading to refugee crises. It is estimated that
approximately 900 million people—about one in every ten people on Earth—Iive in

low-lying coastal areas. People living in densely populated coastal regions of
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countries such as Bangladesh, China, India, the Netherlands, and Pakistan are at risk
and expected to face flooding disasters.

As Pacific Island nations become inundated, hundreds of thousands of people will be
displaced. Even now, more than 50,000 people in the Pacific are forced to leave their
homes each year. Some of these countries have already developed relocation plans.
Low-lying small islands face the most critical threats. Sea level rise and other climate
impacts are already forcing people in Pacific Ocean nations such as Fiji, Vanuatu,
and the Solomon Islands to relocate. It is foreseen that the expected rise in sea levels
will force people to abandon their homes, move to higher ground if available, or
ultimately migrate.

Resources:

Siegert, M. J. (2017). Why should we worry about sea level change? Frontiers for
Young Minds, 5. https://doi.org/10.3389/frym.2017.00041

NRDC. (n.d.). Sea level rise 101. Retrieved October 8, 2024, from
https://www.nrdc.org/stories/sea-level-rise-101

NASA. (2014, August 26). Warming seas and melting ice sheets. NASA Climate.
https://climate.nasa.gov/news/2328/warming-seas-and-melting ice-sheets/

UN News. (2024, August 26). What is sea level rise and why does it matter to our
future?

Please answer the questions given below.

1. Based on the information in the text, what is the cause of sea level rise?

2. Based on the information in the text, what effects has sea level rise had on

people?

3. What do experts predict the future rise in sea levels might lead to?
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4. Identify and underline the claim, reasoning, and evidence components in this

text.

10. Turkish version of the text and questions about the effect of sea level rise

Deniz seviyesinin yiikselmesinin sonuglari

Deniz seviyesinin yiikselmesi, adindan da anlasilacagi iizere, okyanus suyunun
toplam hacminin artmasidir. Bu durum, gezegenimizin isinmasinin dogal bir
sonucudur. Buz 1siya maruz kaldiginda erir; karadaki buzlar eriyip su olarak
okyanusa akinca da deniz seviyesi yiikselir. Bu artig, eriyen buzullar ve kutuplardaki
buz tabakalarinin yani sira suyun isindik¢a dogal olarak genlesmesinden de
kaynaklanir dolayisiyla okyanuslar 1sindiginda da deniz seviyesi yiikselir.

Deniz seviyesindeki ylikselme 1850 yilindan bu yana diinya genelinde 20 cm daha
yiiksektir bunun nedeni komiir, petrol ve gazin yakilmasindan kaynaklanan sera gazi
emisyonlarinin neden oldugu kiiresel 1sinmadir. Binlerce yildir deniz seviyesi
nispeten sabit kalmistir ve insan topluluklar1 Diinya’nin kiy1 seridine yerlesmistir.
Ancak son 20 yilda deniz seviyesi 5 santimetreden fazla ylikselmistir. Verilere gore
son yillarda bu yiikselis hizin1 arttirmistir.

Birgok bolgede deniz seviyesinin yiikselmesinin toplumlar tizerindeki etkileri
simdiden goriilmeye baslamistir. Miami’de gelgit sirasinda sehir merkezindeki
caddelerde diizenli olarak sel baskinlar1 yasaniyor. Giiney Pasifik ada tilkesi
Kiribati’de 1992 ve 2010 yillart arasinda deniz seviyesinde 2,6 milimetrelik bir
yiikselme gordii. Topragin deniz seviyesinden sadece 2 metre yiiksekte oldugu
diisiiniildiiglinde bu artisin ciddi riskler tasidigi sdylenebilir. Baz1 kdyler ylikselen

gelgitlerden kagmak i¢in simdiden yer degistirmek zorunda kalmistir. Buna ilaveten,
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Cin'in Sar1 Nehir deltas1 deniz seviyesinin ani yiikselmesi nedeniyle sular altinda
kalmaktadir.

Yiikselen denizler, i¢ kesimlerdeki tatli su kaynaklarina tuzlu su girmesine neden
olmaktadir. Bu durum Miami, New Orleans ve Sangay gibi bliyiik sehirler de dahil
olmak tizere kiy1 bolgelerindeki igme suyunu kirletme riski tasimaktadir. Ayrica, tath
su kaynaklarina ve topraga daha fazla tuz girdigi i¢in tarim arazileri de
kirlenmektedir. Bu durum, genis tarim arazilerinin oldugu ve insanlarin
topraklarindan ayrilmak zorunda kaldig1 Banglades'te goriilmektedir. Taskinlarin tath
su kaynaklarini kirletmesinin yanisira insanlarin sagligini tehdit eden su kaynakli
hastaliklara neden olup stres ve ruh sagligi sorunlarina yol agabilir. Ayn1 zamanda,
ozellikle gelismekte olan bir¢ok kiiclik ada devletinde 6nemli bir gelir kaynagi olan
plajlar, tatil kdyleri ve mercan resifleri gibi diger turistik yerler zarar gorebilir.

Deniz seviyesinin yiikselmesi nedeniyle, bir¢ok iilkenin niifusunun tamaminin yer
degistirmek zorunda kalacagi ve potansiyel miilteci krizlerinin olusacagi
ongoriilmektedir. Yaklagik 900 milyon insanin, yani diinya tizerindeki her 10 kisiden
birinin denize yakin yerlerde yasadig1 tahmin edilmektedir. Banglades, Cin,
Hindistan, Hollanda ve Pakistan gibi yogun niifuslu iilkelerin kiy1 bolgelerinde
yasayan insanlar risk altinda olacagi ve sel felaketlerine maruz kalmalari

beklenmektedir.

Pasifik ada tilkeleri sular altinda kaldikga, yiiz binlerce kisi yerinden olacaktir. Su
anda bile Pasifik'te her y1l 50.000'den fazla insan evlerinden ayrilmak zorunda
kalmaktadir. Bu iilkelerden bazilar1 simdiden yeniden yerlestirme planlar1 yapmis
durumdadir. Alcakta kalan kiigiik adalar en kritik tehditlerle kars1 karsiyadir. Deniz

seviyesinin yiikselmesi ve diger iklim etkileri, Fiji, Vanuatu ve Solomon adalar1 gibi
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Pasifik Okyanusu tilkelerindeki insanlar1 simdiden yer degistirmeye zorlamaktadir.
Deniz seviyesinde beklenen bu ylikselmenin insanlar1 evlerini terk etmeye, varsa
daha yiiksek yerlere tasinmaya veya nihayetinde gé¢ etmeye zorlayacagi 6n

goriilmektedir.

Kaynak:
Siegert, M. J. (2017). Why should we worry about sea level change? Frontiers for
Young Minds, 5. https://doi.org/10.3389/frym.2017.00041
NRDC. (n.d.). Sea level rise 101. Retrieved October 8, 2024, from
https://www.nrdc.org/stories/sea-level-rise-101
NASA. (2014, August 26). Warming seas and melting ice sheets. NASA Climate.
https://climate.nasa.gov/news/2328/warming-seas-and-melting ice-sheets/
UN News. (2024, August 26). What is sea level rise and why does it matter to our
future?
Liitfen asagida verilen sorulari cevaplaymiz.

1. Metindeki bilgiler dogrultusunda deniz seviyesindeki yiikselmenin nedeni

nedir?

2. Metindeki bilgiler dogrultusunda deniz seviyesindeki yiikselmenin insanlar

tizerinde ne gibi etkileri olmustur?

3. Uzmanlar gelecekte deniz seviyesindeki artigin nelere yol agabilecegini

ongormektedir?

4. Bu metinde gecen iddia, gerekce ve kanit bilesenlerini bularak altini ¢iziniz.

173



APPENDIX L

ENGLISH AND TURKISH VERSIONS OF GUIDING QUESTIONS

Questions | can ask the chatbot:

1.

2.

3.

4.

5.

6.

7.

Which components of my argument need improvement?

How can | make my claim better?

What kind of evidence and reasoning can | add to support my claim?
How can | make my argument stronger?

How can | express my argument in a more scientific way?

Is the evidence | provided sufficient?

What other inferences can be made from all this data?

While evaluating the chatbot's response:

1.

2.

3.

Which parts do you think are strong, and why are they strong?
For what reason did you choose to use this particular response?

What kind of features did the response have?
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Chatbot’a sorabilecegim sorular:

. Argiimanimin hangi bilesenlerinin gelistirilmesi gerekiyor?

Iddiam1 nasil daha iyi hale getirebilirim?

Iddiam1 desteklemek igin ne tiir kanitlar ve gerekceler ekleyebilirim?
. Argiimanimi nasil daha giiclii hale getirebilirim?

. Argiimanimi daha bilimsel bir sekilde nasil ifade edebilirim?
Sundugum kanitlar yeterli mi?

Tiim bu verilerden baska hangi ¢ikarimlar yapilabilir?

Chatbot’un yanitin1 degerlendirirken:
Hangi boliimlerin gii¢lii oldugunu diistiniiyorsun ve neden giigliiler?
Bu yanit1 kullanmay1 neden sectin?

. Yanitin ne tiir 6zelliklere sahipti?
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APPENDIX M
ENGLISH AND TURKISH VERSIONS OF THE EXAMPLE OF THE

PARTICIPANT INTERFACE

The Participant: Hello

The Chatbot: Hello! I’d be happy to help with the arguments written by students. |
will provide feedback by evaluating the components of claim, evidence, and
reasoning. You can share your argument when you're ready!

The Participant: My claim is: "In many regions, the effects of sea level rise on
communities have already started to become visible." How can | make this claim
stronger?

& ndsciAr
™ ny ™ —

1 monthly user - 1 follower
63, Chats ® &

Bilimsel Argimantasyonun Bireysel Deneyimi

15 ® per message details

merhaba

= IndSciAr Poe

Merhaba! Ogrencilerin yazdigi argiimanlar igin yardimci olmaktan memnuniyet duyarnm.
iddia, kanit ve gerekee bilesenlerini degerlendirerek geri bildirim verecegim. Hazir
oldugunda argiimanlanni paylasabilirsin!

View sources

iddiam "bircok bdlgede deniz seviyesinin ylkselmesinin toplumlar Gzerindeki etkileri
simdiden gériilmeye baslamistir" bunu nasil glglendiririm

Figure M1 Turkish version of screenshot from the participant interface
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