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ABSTRACT  Socioscientific (SSI)-based instruction has gained popularity in science education research as the number
of controversial topics has increased daily. This study has two objectives: first, it aims to explore the
quality of arguments made by pre-service science teachers (PSTs) through various SSI contexts. Second,
it explores whether the context influences participants’ argument quality. For these purposes, a case
study was designed with 13 senior (fourth grade) PSTs enrolling in a state university in Tiirkiye. Data
were collected through participants’ reports. The results revealed that participants mostly articulated
arguments along with supporting evidence (including backing, warrant, or grounds) without considering
different perspectives (i.e., counter-arguments) and refuting evidence (i.e., rebuttal) in various SSI
contexts. In terms of the SSI context, genetically modified organisms and artificial meat consumption
contexts were the ones where participants were able to generate more arguments compared to other SSI
contexts. Recommendations for teacher education programs in terms of enhancing the quality of
arguments and the role of various SSI contexts in improving participants’ argumentation processes were
provided.

Keywords:  Argument quality, Context, Pre-service science teachers, Socioscientific issues (SSI), SSI-based
instruction

Fen bilgisi 6gretmen adaylarinin argiiman kalitelerinin SBK temelli
ogretim yoluyla incelenmesi: Baglamin rolii

0OZ Sosyobilimsel (SBK) temelli 6gretim, tartismali konularin say1sinin giin gegtikce artmasiyla fen egitimi
arastirmalarinda popiilerlik kazanmistir. Buradan yola bu ¢alismanin iki amaci vardir: Arastirmanin ilk
amaci, fen bilgisi 6gretmen adaylarinin g¢esitli SBK baglamlarinda iirettikleri argiimanlarin kalitesini
incelemektir. Aragtirmanm diger amact ise baglamin katilimeilarin argiiman kalitesini etkileyip
etkilemedigini aragtirmaktadir. Bu amaglar dogrultusunda, Tiirkiye'de bir devlet {iniversitesinde 6grenim
goren 13 son sinif fen bilgisi 6gretmen adayi ile bir durum ¢aligsmasi tasarlanmistir. Veriler, katilimeilarin
yazili raporlar1 aracilifiyla toplanmistir. Sonuglar, katilimcilarin ¢ogunlukla farkli SBK baglamlarinda
farkli bakis agilarini (6rn. kars1 argiimanlar) ve bu bakis agilarma yonelik ¢liriitiicii kanitlar1 (6rn.
ciirtitme) dikkate almadan destekleyici kanitlarla (destek, gerekge veya dayanak kullanarak) birlikte
argiimanlar ifade ettiklerini ortaya koymustur. SBK baglam: agisindan, GDO ve yapay et tiiketimi
baglamlari, incelenen diger SBK baglamlarina kiyasla katilimcilarin daha fazla argiiman iiretebildikleri
baglamlar oldugu belirlenmistir. Argiimanlarin kalitesinin artirilmas1 ve farkli SBE baglamlarinin
katilimcilarin argiimantasyon siirecini gelistirmedeki rolii agisindan 6gretmen egitimi programlari i¢in
Oneriler sunulmustur.
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INTRODUCTION

While controversial issues that are connected to science and society (known as socioscientific issues,
SSI) have created an important venue for science education research for over two decades, the COVID-
19 period has ensured its place in science education research. While genetic engineering-related issues
such as cloning, genetic testing, or climate change have long been addressed in SSI research (Sadler &
Zeidler, 2005), the COVID-19 period was a game changer for SSI research. Issues such as mandatory
COVID-19 vaccination, use of disposable gloves and masks, plastic pollution created by disposable
plastics like gloves and masks, and reduced weather pollution due to mandatory lockdowns have been
introduced as new controversies (Cetinkaya & Saribag, 2023; Forsythe & Chan, 2021; Krell et al., 2024;
Powell, 2023). Individuals need to make informed decisions while dealing with these controversies by
considering the different aspects involved. Many stakeholders as well as participants’ own values and
experiences are involved in this decision-making process (Chang Rundgren & Rundgren, 2010).
However, developing informed decision-making skills is not an easy task. SSI education can nurture
individuals’ informed decision-making skills by employing personally relevant, contentious, and ill-
structured problems that demand the application of scientific, and evidence-based reasoning (Zeidler,
2014). Students often get involved in argumentation while making decisions on SSI (Wu & Tsai, 2007).
Thus, argumentation is an important and central theme in SSI research (Dawson & Carson, 2020; Sadler,
2004; Sadler & Donnelly, 2006; Wu & Tsai, 2007; Zeidler et al., 2019).

SSI and Argumentation

Enhancing learners’ argumentation skills has long been subject to both international and national policy
documents. For instance, argumentation is assumed to be an essential component of K-12 in the United
States (National Research Council [NRC], 2012), and evidence-based reasoning is listed as one of the
eight scientific and engineering practices (NGSS Lead States, 2013). In a similar manner, the 2018
Turkish primary and middle school science curriculum supports developing appropriate learning
environments where students feel free to share their opinions, create arguments, and provide different
justifications for their arguments in addition to postulating counterarguments for their peers’ assertions
(Ministry of National Education [MoNE], 2018). The latest science curriculum takes a similar stand as
well (MoNE, 2024).

The basis of argumentation is the construction of an argument. An argument includes a claim along with
evidence that can be written, oral, or thought along with data (Dawson & Carson, 2020). Toulmin’s
Argumentation Pattern (TAP) was proposed by Toulmin (1958), which defined different components of
an argument. According to TAP, a claim is an assertion; data is relevant evidence; while a warrant links
a claim to data. Qualifiers are situations under which a claim or set of data is supported; rebuttals are
situations in which a claim or set of data is not supported; and backing presents the underlying theory
or presumptions that support the data and warrants (Toulmin, 2003). TAP is the most popular and widely
used structured framework for assessing the quality of arguments and the development of argument
generation skills (Chinn, 2006; Christenson & Walan, 2022).

Research in science education relies on two types of argumentation: scientific argumentation (scientific
topics without immediate social ramifications) and socioscientific argumentation (issues that situate
science in a social context emphasizing ethics, political discourse, and individual decision-making)
(Erduran & Jiménez-Aleixandre, 2008; Sparks et al., 2022). As SSI focuses on issues that are open-
ended, ill-structured, and subject to debate (Sadler, 2004), SSI is closely linked to argumentation. In this
manner, SSI creates an ideal context for argumentation (Zeidler & Sadler, 2007). The SSI framework
involves participants in thinking and reasoning processes through the use of discourse practices like
argumentation, debate, discussion, and other forms of discourse (Zeidler et al., 2019). Consequently,
argumentation has been a central theme in SSI education (Dawson & Carson, 2020; Sadler, 2004; Sadler
& Donnelly, 2006; Wu & Tsai, 2007; Zeidler et al., 2019). Following this, enhancing students’
argumentation skills has gained popularity in science education research (Aziz & Johari, 2023;
Capkinoglu et al., 2020; Dawson & Carson, 2017, 2020). Discussing and creating arguments are
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assumed to be effective in enhancing students’ reasoning processes (Zeidler & Kahn, 2014). Thus, many
scholars adopted SSl-based instruction to nurture students’ argumentation skills. The results were
promising: the results revealed students’ argumentation and reasoning quality were enhanced (e.g., Aziz
& Johari, 2023; Capkinoglu et al., 2020; Dawson & Carson, 2020; Jafari & Meisert, 2021; Karpudewan
& Roth, 2018; Khishfe, 2022; Kinslow et al., 2019). For instance, exploring students’ argumentation
skills about climate change in a disadvantaged school, Dawson and Carson (2020) revealed that SSI-
based argumentation in climate change can improve students’ argumentation skills, respectively. In
another study, Kinslow et al. (2019) implemented an SSI field-based environmental education
curriculum in a high school setting and reported that the implementation enhanced students’
socioscientific reasoning skills. In a more recent study, Béchtold et al. (2023) explored students’ written
argumentation skills on SSI during a debate-based intervention. They revealed that students whose
initial argumentation levels were low tended to justify their arguments more frequently at the end of the
intervention.

Aims and Research Questions

As the main implementers of SSl-based teaching on argumentation, teachers’ teaching practices have
critical importance. Thus, they need to gain skills for nurturing their students’ argumentation skills in
science classes. This can be achieved by professional development programs for in-service science
teachers and by undergraduate courses for preservice science teachers (PSTs). Similar efforts to enhance
PSTs’ argumentation skills were found in the relevant literature (Atabey & Arslan, 2020; Christenson
& Walan, 2022; Capkinoglu et al., 2021; Karisan & Topcu, 2016; Krell et al., 2024; Kutluca & Aydin,
2017; Martin-Gamez & Erduran, 2018). For instance, Atabey and Arslan (2020) implemented
cooperative SSI-based teaching and reported that cooperative SSl-based intervention enhanced teachers’
argumentation quality. In another study, Capkinoglu et al. (2021) revealed that explicit instruction on
components of arguments improved PSTs’ awareness of components of argumentation. Supporting this
finding, Martin-Gamez and Erduran (2018) reported that pre-service teachers had difficulty constructing
arguments and providing more convincing supportive evidence without being given an explicit
argumentation education. Indeed, Christenson and Walan (2022) argued for the importance of training
in socioscientific argumentation in teacher education programs. All the above-mentioned studies
highlight the importance of giving explicit argumentation education during undergraduate education.
However, the role of SSl-based instruction in nurturing preservice teachers’ argumentation skills
remains elusive. Han-Tosunoglu and Ozer (2022) indicated that most studies focusing on SSI were
conducted with students, which was further confirmed by our recent literature review. Furthermore,
Zhao et al. (2023) highlight the necessity and urgency of systematic courses to enhance PSTs’
argumentation skills. Hence, further studies focusing on enhancing PSTs’ argumentation skills by
adopting SSl-based instruction are needed: To pin this existing gap in the literature, in this study, we
focused on developing PSTs’ argumentation skills by providing a semester-long SSI-based instruction
by using various SSI contexts. Consequently, our first research question explored:

1. What is the quality of arguments articulated by pre-service teachers across various SSI topics?

In addition, we explored the role of various contexts in enhancing argumentation quality as many studies
explored a single SSI context (e.g., climate change by Dawson & Carson, 2020, and by Karisan &
Topcu, 2016; nuclear energy by Ozturk & Yilmaz-Tiiziin, 2017; vaccination by Cetinkaya & Saribas,
2023; and by Krell et al., 2024; energy by Martin-Gamez & Erduran, 2018; plastic pollution by Aziz &
Johari, 2023; water- and fat-repellent substances in everyday products by Rietz et al., 2021; biodiversity
by Jafari & Meisert, 2021; animal testing by Garrecht et al., 2021; nuclear power plant by Oztiirk &
Yenilmez Tiirkoglu, 2024). However, there has been an effort to explore the role of various SSI contexts
in argumentation quality lately (e.g., Capkinoglu et al., 2020, 2021; Ercan Yalman, 2023; Sparks et al.,
2022). In such a study, Capkinoglu et al. (2021) explored 7th-grade middle school students’
argumentation quality in local SSI such as artificial lakes, hydroelectric power plants, chicken coops,
and base stations. Ercan Yalman (2023) used 12 different SSI contexts (e.g., nuclear energy, animal
testing, space pollution, and acid rain). The results revealed mixed findings. While Ercan Yalman (2023)
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reported that the context did not significantly influence the argumentation quality, Capkinoglu et al.
(2020) revealed that power plants were challenging for students to construct arguments along with
supporting evidence. Moreover, Garrecht et al.’s (2021) study added complexity to already existing
mixed results, as the issue of familiarity can enhance students’ argumentation quality. Thus, the role of
SSI context in argumentation quality still points to an existing gap in research. To address this gap, our
second research question explored:

2. Does the context of SSI affect the quality of pre-service science teachers’ arguments?

METHOD

This study adopted a case-study approach. Merriam (2014) defined a case study as a comprehensive
description and analysis of a bounded system that is composed of one specific program or one specific
classroom of learners. The main characteristics that make a case study unique are being particularistic
(focusing on a particular situation), descriptive (providing a thick description of the particular situation),
and heuristic (clarifying the reader's comprehension of the situation) (Merriam, 2014). This method was
selected as the researchers were interested in a particular situation. In this manner, PSTs enrolling in an
elective course constitute a particular classroom of learners. Moreover, a detailed description of the
content of the course was provided to provide the details of the course (descriptive nature). Lastly, by
using various SSI topics, it was tried to clarify the reader's comprehension of the situation.

Sample

The sample of this study comprised 13 preservice science teachers (eight females and three males)
enrolling in a non-compulsory course entitled ‘Science and Technology related Problems’. The elective
course was provided in the 7th semester of the science teacher education program in a state university
that was found in the Western region of Tiirkiye. The participants enrolling in the study accomplished
several required courses about the education profession (i.e., education psychology, sociology, and
philosophy) and the teaching profession (i.e., instructional principles and methods or instructional
technologies) in addition to core science courses (i.e., chemistry, biology, physics, geology, and
mathematics). The participants had not attended any courses focusing on SSl-based instruction or
controversial issues beforehand. The participants were informed about the content of the course in the
first week of the semester, and they were voluntarily enrolled in the course. Participants came from a
middle-class socioeconomic background. They were between 21 and 23 years old.

The Course Design and Data Collection

This study was carried out in the non-compulsory course entitled ‘Science and Technology related
Problems’ which was vacant in the 7th semester of the undergraduate science teacher education
program. This course is designed to enhance participants' understanding of scientific and technological
developments and to weigh the positive/negative impacts of these innovations on human life and risks
to human health (Higher Education Council [HEC], 2018). It was a two-hour class (e.g., approximately
100 minutes) and ran for 13 weeks, excluding exam weeks.

The first five weeks included the theoretical part of the study. The first author presented SSI, its
definition, and its characteristics in the first week. The second week is devoted to increasing participants'
understanding of the role of SSI in the science program and how the current science program aims to
develop students' reasoning and decision-making skills using SSI. Together with the instructor, the
participants reviewed the science curriculum objectives from grade 5 to grade 8 in terms of finding
appropriate SSI objectives. In the third week, decision-making factors (e.g., environmental, economic,
social, ethical) and reasoning modes (e.g., rationalistic, emotive, and intuitive) were presented. In the
last two weeks (week 4 and week 5), argumentation, Toulmin’s argumentation model, Watson’s
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argumentation model, and why argumentation is an important construct in SSI were discussed. In the
second part of the course, participants were actively faced with various SSI topics (8 weeks). Each SSI
topic was covered for two weeks: each week a new topic was introduced, and the participants were
handled with a booklet explaining the main SSI topic being discussed. Then, a series of prompts asked
them to clarify their positions, their supportive arguments, counterarguments, and/or rebuttals. The
participants prepared written reports in the following week, and then, the whole class discussion was
held to reveal different perspectives (Figure 1). Participants had a chance to get immersed in the topic
during these two weeks (2 x 100 minutes).

Figure 1.
A Whole Gr‘oup Discussion while Negotiating Artificial Meat Consumption
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All the SSI topics covered in this study were chosen as they were aligned with the primary science
curriculum objectives. For instance, topic 1 (Cystic Fibrosis and Huntington's Disease) was related to
the inheritance patterns covered in the 8th-grade science course (F8.2.2. dominant and recessive genes,
crossover, and F8.2.5. genetic engineering and biotechnology applications). It also included a
controversy (abortion) that was directly linked to society. In a similar manner, topic 2 (artificial meat
consumption) was selected as it is a recent biotechnology application and it is directly related to the 8th
grade science curriculum (F.8.2.5. biotechnology applications and environmental impact of
biotechnology applications). The objectives covered in the curriculum (‘F.8.2.5.2. Discusses the
dilemmas created by the biotechnological applications, and pros and cons of these applications for
humanity’ and ‘F.8.2.5.3. Makes predictions about the future applications of genetic engineering and
biotechnology’ (MoNE, 2018, p. 49)) were directly related to this topic and the rest of the topics covered
in this study. A summary of each SSI topic is provided below:

Topic 1: Genetically Inherited Diseases (Cystic Fibrosis and Huntington’s Disease)

This topic consisted of two different genetically inherited diseases. While Cystic Fibrosis (CF) is
autosomal recessive, Huntington’s Disease (HD) is autosomal dominant. A brief overview of each
disease (i.e., symptoms, life span, and treatment options) was provided each week. In the first week, a
couple whose father was diagnosed with HD was presented. This fictional couple discovered that they
were going to have a baby. Should they abort the fetus? Why?

The second week included a different couple’s story whose both had brothers diagnosed with CF couple
had brothers who had CF in their family. This couple also discovered that the wife was expecting. Should
they abort the fetus? Why?

Topic 2: Artificial Meat Consumption

A brief overview of artificial meat consumption is provided (how artificial meat is produced, the stages

of production, the pros and cons of artificial meat consumption, and the research about artificial meat in
different countries). Then the following questions were asked:
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What do you think about the consumption of artificial meat?
Do you personally want to consume artificial meat? Why?
Topic 3: Pesticide Use

First, a few questions about their prior experience in growing vegetables or trees, shopping habits, and
their preferences while buying vegetables and fruits were asked. Then, their opinions about whether the
food they bought might contain any pesticide residuals were sought.

Is it possible to do farming without pesticide use? How is it possible and what are the possible
consequences of using pesticides while farming?

Topic 4: Organic Farming

The definition and the conditions of organic farming were presented briefly. The participants were asked
whether they considered buying products grown by organic farming, paying more for these products
grown by organic farming, or how they would identify a product as ‘organic’.

Topic 5: Genetically Modified Organisms (GMOs)

A brief overview of how genetically modified organisms (GMQs) work was provided. Then, a success
story was presented about genetically modified eggplants having higher productivity rates and requiring
less pesticide use during farming. After this brief information, the participants discussed: What do you
think about growing genetically modified agricultural products?

After participants were asked about their decisions on each SSI topic, there were additional questions to
explain why they felt that way and how they would persuade someone who disagreed.

The Researchers’ Role

The first author was the course instructor in this study, while the second author provided feedback during
the course. During the discussion sessions, the researcher tried to be neutral to all different perspectives
and decisions and did not try to direct the discussions or participants’ decisions on an SSI topic. In
addition, she created a safe environment where the participants could express their opinions without
being judged or identified as wrong.

Data Analysis

A rubric for assessing the quality of participants’ argumentation was created based on the TAP
components: If the participant’s decision only included a claim without any accompanying evidence or
justification, then, it was coded Level-1. If participants provided supportive or counter-arguments for
their claims, it was coded Level-2. For Level 3, participants' claims should include both supportive and
counter-arguments together. If there were rebuttals along with claim, supportive, and counter-
arguments, then, this was coded as Level-4 (see Table 1 for criteria along with sample excerpts). In this
manner, it was possible to observe the change in participants’ argumentation quality during the place-
based SSI instruction.
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Table 1.
The Coding Rubric Used for Data Analysis
Level  Score Criteria Description
Levell 1 Claim Participant presents a claim (a position or a decision) but does not offer
any elaboration for his/her position (do not include backing, i.e., data,
warrant)
Level2 2 Argument or Participant presents a claim which includes explanation, evidence, and
counter-argument  rationale for his/her position (includes backing, grounds, warrant)
Level3 3 Argument and Participant presents a claim which includes explanation, evidence, and

counter-argument  rationale for his/her position (includes backing, i.e., data, warrant). In
addition, s/he provides alternative claims to his/her claim with
accompanying evidence.
Level4 4 Argument, Participants address a counterargument and provide rejection for a valid
counter-argument  reason that supports counterarguments and supporting evidence.
and rebuttal

Participants’ written responses were first qualitatively analyzed and then, transferred to numerical form
to explore the differences among various SSI topics.

Credibility and Trustworthiness of the Study

The credibility of a qualitative study can be assured by using various triangulation methods (Guion,
2002; Stahl & King, 2020). One such triangulation technique is investigator triangulation: In this
approach, multiple researchers are employed to conduct a comparative analysis of individual findings.
Each member of the research team evaluates the data and then convenes to discuss and examine the data
analysis collectively (Stahl & King, 2020). Following this, the two researchers individually coded the
first five participants’ written responses in three SSI topics (pesticide use, organic farming, and GDOs)
by using the coding sheet created together for the current study. Then, the researchers gathered to discuss
their coding in two parallel sessions. In the first session, the researchers discussed the similarities and
differences in coding sheets. After agreeing on the coding, the rest of the data were coded accordingly.
In the second session, the coded data were reviewed and full agreement was achieved among the
researchers. The inter-coder reliability which indicates the degree of agreement between two or more
gualitative coders was calculated (Miles & Huberman, 1994). According to Lombard et al. (2002), the
basis for this was the percent agreement, derived by dividing the total number of agreements and
disagreements by the number of agreements. While this ratio was found to be 67% in the first session,
it was found as 100% in the last session.

Prolonged engagement was also used to ensure credibility. Prolonged engagement requires staying at
the research site for at least the duration of a research (e.g., a whole semester) (Stahl & King, 2020).
The present study lasted for a semester and the first researcher engaged in the site and with the
participants during the semester to become familiar with the context. Lastly, a thick description which
refers to presenting a detailed description of the context was confirmed by providing a rich description
of course content and the role of the researchers.

Ethical Issues

The Scientific Research and Publication Ethics Committee for Science and Engineering of Usak
University approved the present study with the decision number 2022-23/06. All the participants were
informed about the content of the course in the first week of the semester and signed an informed consent
form to receive their voluntary participation request. They were informed that they could withdraw at
any time during the study. They were assured that their answers and responses would be kept
confidential without revealing their true identity under any circumstances. Each participant was assigned
a code (e.g., PST-1) to ensure the confidentiality of their identity. Square bracelets ([]) were used to
complete the meaning or explain the reasoning pattern (i.e., claim, backing, grounds, counter-argument,
or rebuttal) by the researchers.
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FINDINGS

The quality of arguments made by PSTs across various SSI topics was explored first. Findings related
to participants’ reasoning for each SSI topic were presented below:

Participants’ Reasoning Quality Across Various SSI Topics
Genetically Inherited Diseases

Participants’ reasoning in genetically inherited diseases namely, Cystic Fibrosis and Huntington’s
disease were examined. Table 2 shows that the arguments presented by PSTs regarding Huntington's
disease are predominantly found at Level 2 (f=6) showing that they generated arguments along with
supportive evidence. Only one participant (PST 7) was able to generate higher-level arguments (i.e.,
Level 4) that included claims, supportive evidence, counter-arguments along rebuttal. Different patterns
in argument quality other than Level 2 and Level 4 were not observed.

Table 2.
Participants’ Excerpts from Different Reasoning Levels in Huntington's Disease
Argument  Frequency Participant Sample excerpt
quality ID
Level 2 6 PST 4 “Lale [the fictitious character] should not think at all during this time

[referring to abortion] [claim]. Because 25 years is a long time, even
someone might not be able to take care of their own needs [grounds].
Therefore, since she has already realized this situation, she should
have an abortion immediately [warrant].”

Level 4 1 PST 7 “Lale should not have an abortion [claim]. This is because the disease
begins to show its symptoms approximately halfway through a
person's life. The first half of human life is like a golden age. It is
worth living. The fact that it [referring to HD’s disease] shows
symptoms after a certain age, makes the period before that a peaceful
life [grounds]. It does not constitute an obstacle [warrant].
Technology and science are developing more and more every day.
Perhaps they will find a cure to this disease about 25 years after the
child is born and prolong life [backing]. Some might argue that it is
unethical to bring a child into the world knowing they may develop a
serious illness [counter argument]. However, the potential for a
fulfilling and peaceful early life, combined with the hope for future
medical advancements, outweighs this concern. The couple should
consult with experts and make rational decisions [rebuttal].”

While PST 4 who supported abortion was only able to propose an argument (the fictitious character
should get an abortion) along with supporting evidence (someone might not be able to take care of their
own needs), PST 7 who did not support abortion was able to produce counterarguments (consulting with
experts for rational decisions) along with rebuttals (science and technology are developing so new cures
might be found meantime).

In a similar manner, participants mostly produced arguments at Level 2 (f=4) and Level 4 (f=4) in the
Cystic Fibrosis case. Sample excerpts were provided in Table 3. Any participant only provided a claim

(Level 1) or provided an argument with supportive evidence and a counter-argument (Level 3) was
found.
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Table 3.

Participants’ Excerpts from Different Reasoning Levels in Cystic Fibrosis

Argument  Frequency Participant Sample excerpt
quality ID
Level 2 4 PST 4 “I do not think they should abort the embryo just on the off chance
[claim]. Since they do not know whether the baby will be born healthy
or not [grounds], they should first test the embryo to see whether it is
healthy [warrant]. They should decide based on the test result.”
Level 4 4 PST 10 “Making decisions when the health of the fetus is in question is more

challenging. Yes, | was against abortion [claim] because | thought it
was a sin, but the baby will suffer from the moment it is born. It is
very difficult for parents to turn a blind eye [ground]. It is unbearable
to think that your child would suffer in front of your eyes and could
die at any moment. | oppose abortion, even though there is no cure for
it at the moment, but I think it can be cured with the advancement of
gene therapy [backing]. Yes, it hurts to know that your child is
suffering, but the parents will also feel regret when that baby is killed
[rebuttal]. Even though it is a very difficult decision, | think the baby
should not be aborted.”

While PST 4 only presented a claim (they should not abort the fetus), and its reasoning (they should get
genetic testing), PST 10 supported her claim (they should not abort the fetus), with the possibility of
new treatment options with the advancement of gene therapy. She also provided a counter-argument
(parent might get an abortion) although not stated directly because of the suffering of their child. She
offered a rebuttal as to why they should not by indicating they also feel regret when they abort the fetus.

Pesticide Use

The second SSI context was pesticide use. Table 4 shows participants’ reasoning showing different
reasoning quality levels along with sample excerpts. According to Table 4, PSTs mostly articulated
arguments at Level 2 (f=5) which included claims and supportive evidence. Higher-level arguments
(Level 3 and Level 4) were less frequent (f=1, and =2 respectively).

Table 4.

Participants’ Excerpts from Different Reasoning Levels in Pesticide Use

Argument  Frequency Participant Sample excerpt
quality ID

Level 1 2 PST 11 “I think pesticides are more harmful. I prefer not to use pesticides in
agriculture [claim].”

Level 2 5 PST 8 “It should be continued to use pesticides in agriculture [claim]. Many
pesticides are used for plant protection purposes. Pesticides help
protect animals from parasites and fleas. They prevent illnesses that
may be caused by moldy and spoiled foods. They also prevent the
growth of harmful, invasive weeds and protect nature and trees
[grounds].”

Level 3 1 PST 5 “As far as I know, there are different types of pesticides. In the US the

use of DDT pesticide is banned because it can kill not only insects and
fungi but also other living things [backing]. DDT is also banned in
Tirkiye [backing]. Pesticides are available against insects, weeds, and
fungi. When using pesticides, it is first necessary to pay attention to
the dose and to choose them according to what they are to be used
against [claim]. Since most chemical pesticides do not have a selective
effect on the target organism, they can cause disease or death to living
organisms other than the target organisms. They are known to cause
poisoning, toxins, shortness of breath, and developmental delay
[backing]. However, we must acknowledge that pesticides are
necessary for high agricultural yields in addition to controlling pests
that can otherwise devastate crops /counter argument].”
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Table 4. (Continued)

Participants’ Excerpts from Different Reasoning Levels in Pesticide Use

Argument  Frequency Participant Sample excerpt
quality ID
Level 4 2 PST 2 “I think the use of pesticides has less impact on humans, animals, and

the environment [claim], because of the use of pesticides in
agriculture, that is, if the pesticide is used with attention to the dose of
the drug [backing], the pesticide does not harm the plant and the soil
much [grounds]. When we wash the pesticide-used products
thoroughly in running water and eat them, even if it does not
completely clean the pesticide, it minimizes the amount [qualifier].
Someone might believe that pesticides are harmful to humans,
animals, and the environment [counter argument]. However, by
taking the precautions | mentioned [referring to the use with attention
to the dose and washing procedure], their impact on humans, animals,
and the environment can be minimized [rebuttal].”

Organic Farming

One of the SSI contexts being used was organic farming. Table 5 shows participants’ different levels of
reasoning in organic farming. According to Table 5, participants’ arguments about organic farming were
mostly found at Level 1 (f=3) and Level 2 (f=5) implying that participants were able to provide
arguments (Level 1) and support their arguments (Level 2). Whereas, higher levels (articulating counter-
arguments and rebuttals) were less frequent. While no participant was able to provide counter argument
(Level 3), two participants were able to provide counterarguments and rebuttals.

Table 5.

Participants’ Excerpts from Different Reasoning Levels in Organic Farming

Argument  Frequency Participant Sample excerpt
quality ID

Level 1 3 PST 6 “I make sure that the products I buy are organic [claim]. | try to buy
mostly from village vendors.”

Level 2 5 PST 3 “I prefer to buy organic products [claim]. Organic ones are healthier
and tastier in terms of vitamins (nutritional value) [the expression in
parentheses was added by the student]. People like it when they eat
it. The smell is different. My grandparents say that the smell and
taste of the products bought from the market have changed. They
especially prefer to buy from places that they think sell organic
products [grounds].”

Level 4 2 PST 1 “I pay attention most of the time, but not always [buying organic

products]. Whether in the market or the grocery store, the word
"organic" alone is not meaningful [claim]. Contrary to popular
belief, the distorted shape, size, or color of a fruit or vegetable does
not prove that it is organic [counter argument]. The only way to
understand that it is organic is the certificate that the product has
[warrant]. Traceability, which is the most important feature of
organic farming activities, is conveyed to the consumer through
technical information in organic product certificates [backing]. If a
product is organic, the label contains information such as the first
planting and harvest date of that product. But of course, the most
important thing is the presence of the organic farming logo on the
packaged product. First of all, the code and logo of the control and
certification body that inspects the product should also be included
[rebuttal].”

As shown in the excerpts, PST 6 only asserted a claim while PST 3 provided grounds why she preferred
to buy organic products indicating their nutritional value, smell, and taste. The higher level of argument
was provided by PST 1. She asserted a claim (buying organic products), she also indicated how to
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identify a product as ‘organic’ by providing evidence. Moreover, she included a counter-argument that
the distorted shape, size, or color would not indicate whether a product is organic or not while also
providing rebuttals on how to label a product as ‘organic’ by standardized certification processes.

Genetically Modified Organisms (GMOs)

GMOs were another context that was used. While participants mostly articulated arguments at Level 2
(f=7), they also produced higher levels of arguments at Level 3 and Level 4 (f=4 for each) Sample
excerpts along with frequencies at each level are provided in Table 6.

Table 6.

Participants’ Excerpts from Different Reasoning Levels in Pesticide Use

Argument  Frequency Participant

Sample excerpt

quality ID
Level 2 7 PST 13
Level 3 4 PST 10
Level 4 4 PST 4

“I do not want GMOs to enter my country [claim]. Using GMO
products is forbidden in my country. But there may be GMOs in
products that are imported [grounds]. Who wants to use something
that is already harmful? | want the products we use or grow to be
organic [claim]. We used to be able to get by without GMO products;
we can get by without GMO products now. The long-term
consequences of GMOs are irreversible [backing].”

“I prefer to grow GMO crops [claim]. GMOs and pesticides are
harmful to human health. However, | have read that there is no
information or evidence about the exact harm of GMO crops
[grounds]. | think there is a greater risk of consuming chemicals by
using pesticides. In addition, pesticides disrupt the ecological balance
by harming birds, fish, and other organisms [grounds]. However,
GMOs might have genetic modifications that could have unforeseen
consequences [counter-argument].”

“I think GMO agricultural products should be cultivated [claim].
Otherwise, as long as pesticides are used, air soil, water, and
environmental pollution occur. As a result, acid rain occurs and thus
environmental pollution occurs. When these insecticides are used, the
person applying them may be poisoned [grounds]. When GMO
agricultural products are grown, at least, the pollution | have
mentioned can be minimized [backing]. For example, water pollution
may not occur. Therefore, | think that using GMO products instead of
using pesticides today will be a solution to both economic and
environmental problems [backing]. However, some people argue that
GMOs could have unknown health effects and negatively impact
biodiversity [counter argument]. While these concerns are valid and
warrant further research, the immediate benefits of reducing pesticide
use and minimizing environmental pollution make GMOs a preferable
option. Moreover, stringent regulations and ongoing scientific
evaluations can help mitigate potential risks associated with GMOs
[rebuttal].”

Artificial Meat Consumption

The last context used was artificial meat consumption. Table 7 presents different levels of arguments
articulated by the PSTs. The arguments put forth by PSTs were predominantly found at Level 1 (f=6)
and Level 2 (f=7). In addition, while some of their explanations were found at Level 1 and Level 2, they
also articulated higher-level arguments (f=3 at Level 3 and f= 2 at Level 4 respectively).
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Table 7.
Participants’ Excerpts from Different Reasoning Levels in Artificial Meat Consumption
Argument  Frequency Participant Sample excerpt
quality ID
Level 1 6 PST 9 “l think artificial meat production can be beneficial for the
environment.”
Level 2 7 PST 1 “No, I don't want to consume artificial meat [claim]. Because right

now they have only developed artificial meat, but it has not been sold
in the world yet. So, it has not been consumed by people yet [ground].
This means there is no experiment, no scientific study on how artificial
meat will affect human health [warrant]. Maybe it can cause serious
diseases, maybe it can end human life. This research [referring to the
one on artificial meat] may have been carried out to reduce the
population by affecting reproductive hormones [backing].”

Level 3 3 PST 10 “I do not want to consume artificial meat [claim]. I don't think it would
be possible for just one cell to replace natural meat [grounds]. | think
that too many chemicals are used just to give it that flavor and color
and that these chemicals are very harmful to health [warrant]. | cannot
take such a risk because it is possible to cause cancer while making it
possible to eat meat [backing]. In agriculture, even the excreta of
animals is used to increase yields, but it is a fact that the gases
[referring to methane gas] that are claimed to be released into nature
are also produced by humans. Only 18% of the greenhouse gas is
caused by animal production [counter argument].”

Level 4 4 PST 8 “I think that artificial meat production should not take place [claim].
Acrtificial meat has various side effects as well as advantages. The stem
cells used in the production of artificial meat can predispose to cancer
formation. Too much meat is produced from these cells. This means
that the cells multiply excessively [ground]. Therefore, it is said to be
a risky method. Many people make a living from animal husbandry.
If artificial meat becomes widespread, there is a risk that the personnel
working in meat factories will be unemployed as they will no longer
be needed [warrant]. Artificial meat production may lead to cheaper
meat prices. This would make eating meat accessible to everyone -
regardless of income level [counter argument]. It sounds like good
news, but if this happens, the obesity rate is likely to increase
[rebuttal].”

The Role of Context in Argumentation Quality

The second research question guided this study was whether the context of SSI affects the quality of
PSTs’ arguments. Figure 2 presents how participants’ argumentation quality varied across various SSI
contexts.

Figure 2 shows that although the SSI context differs, PSTs’ arguments were mostly found at Level 2
(claim and supporting evidence including warrant, backing, or grounds). Participants mostly articulated
arguments at Level 2 for GMOs and artificial meat contexts. In addition, participants were able to
generate arguments for each argument level in the artificial meat consumption context. In terms of
creating counter-arguments along with claims and supporting evidence (labeled as Level 3), it was
observed that GMOs and artificial meat consumption were the most used SSI contexts while
Huntington’s disease and Cystic Fibrosis contexts were found to be the least. Another interesting finding
revealed was while they were able to provide higher-level arguments which include counter-arguments
and rebuttals (labeled as Level 4), arguments only including supporting evidence and counter-arguments
(labeled as Level 3) were rarely found in their written reports. While participants were able to articulate
higher-level arguments including counter-arguments and rebuttals in GMOs and Cystic fibrosis cases,
there was only one participant who was able to articulate a higher-level argument in Huntington’s
disease.
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Figure 2.
PSTs’ Argument Quality Across Various SSI Contexts
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DISCUSSION

The present study explored the quality of arguments articulated by PSTs and whether different SSI
contexts influenced participants’ argument quality. For these purposes, a semester-long SSI-based
instruction was implemented. Our findings revealed that regardless of context, PSTs mostly articulated
arguments along with supporting evidence (including backing, warrant, or grounds) without considering
different perspectives (i.e., counter-arguments) and refuting evidence (i.e., rebuttal) for these
perspectives in various SSI contexts. This finding was consistent throughout the course. This finding
was partially supported by the literature exploring students’ argumentation quality in various SSI
contexts. Confirming our findings, Wu and Tsai (2007) reported that participants were able to make
evidence-based decisions while less than 40% were able to construct counter-arguments and rebuttals.
However, Wu and Tsai’s (2007) study did not include any intervention. Intervention studies usually
reported that SSI-based instruction improved participants’ argumentation quality (Atabey & Arslan,
2020; Aziz & Johari, 2023; Béchtold et al., 2023; Dawson & Carson, 2020; Zohar & Nemet, 2002). For
instance, Aziz and Johari (2023) reported that there were significant increases in students’ supportive
arguments, counter-arguments, and rebuttals in the post-test when compared to the pre-test. Although
the present study did not assess participants’ argumentation quality before and after SSI-based
instruction, we still expected an increase in the number of high-level arguments (labeled as Level 3 and
Level 4) throughout the course. While there were very few high-level arguments in genetically inherited
diseases that were discussed at the beginning of the course, the number of high-level arguments (labeled
as Level 3 and Level 4) increased in GMOs and artificial meat consumption that were discussed through
the end of the course even though it was not a linear increase. This nonlinear increase supports the
literature reporting that students’ argumentation skills can be enhanced through deliberate instruction
(e.g., Aziz & Johari, 2023; Béchtold et al., 2023; Dawson & Carson, 2020; Dawson & Venville, 2022).
Indeed, Capkinoglu et al. (2021) indicated that explicit argumentation education improved PSTs’
awareness of argument elements (e.g., claim, backing, warrant, etc.). Supporting this, SSI-based
instruction including argumentation education adopted in this study helped participants to make
decisions and justify their decisions by using argument elements such as warrant, backing, or grounds.
Moreover, Dawson and Venville (2022) also found that SSI-based instruction assisted students to make
decisions and justify their decisions along with supporting evidence. However,) providing SSI-based
instruction to PSTs, Ercan Yalman (2023) reported that the participating teacher candidates were often
unable to construct comprehensive arguments including all argument components such as claim,
evidence, and rebuttal. This study further confirmed our findings.
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The reason why some participants were able to generate high-level arguments in some SSI contexts
(e.g., artificial meat consumption or GMOs) might be related to the SSI context being discussed. In line
with this, issue familiarity (Garrecht et al., 2021) and personal relevance (Dawson & Venville, 2022;
Sparks et al., 2022) were important factors influencing the diversity of discipline-related arguments. If
participants feel engaged in the SSI context being discussed, then, they might produce more nuanced
and high-level arguments. Exploring the role of issue familiarity, Garrecht et al. (2021) investigated
students’ arguments in animal testing. They reported that issues such as animal testing might constitute
an effective context that engages students with complex SSIs without requiring more than basic
familiarity. In a similar manner, Dawson and Venville (2022) reported that personal relevance facilitated
students’ ability to construct more nuanced arguments. Indeed, PSTs in our study might feel personal
relevance in contexts such as GMOs and artificial meat consumption and these issues might be more
familiar to them to produce more nuanced arguments including counter-arguments and rebuttals.

Confirming that, our second research question exploring the role of SSI context revealed that
participants were able to generate more arguments in some SSI contexts compared to others. Most
studies found in the literature used a single SSI topic for exploring participants’ argument quality (e.g.,
climate change, vaccination, or plastic pollution (see, Aziz & Johari, 2023; Dawson & Carson, 2020;
Cetinkaya & Saribas, 2023; Krell et al., 2024). However, lately, there has been an effort to adopt multiple
SSI contexts to explore the participants’ argument quality. In such a study, Cenk and Ercan Yalman
(2022) explored senior PSTs’ argumentation skills in various SSI contexts (e.g., climate change, GMOs,
nuclear energy, organ donation, stem cells, alternative medicine, space pollution, euthanasia, and
vaccination). They reported that participating PSTs were able to generate more arguments in
biotechnology and health-related SSls including climate change, GMOs, nuclear energy, stem cells, and
alternative medicine while they were able to produce arguments at lower levels in SSI contexts such as
euthanasia, space pollution, and vaccination. While this study partially confirms our findings about the
role of the SSI context being discussed, it differs as there was no explicit SSI-based instruction including
argumentation education like in this study. In another study, Ercan Yalman (2023) explored whether the
role context affects PSTs’ argument quality and reported that only the nuclear energy context noticeably
influenced participants’ argument quality. However, other SSI contexts being explored (e.g., animal
testing, climate change, space pollution, biotechnology, and endangered species) were not found to be
influencing the argument quality of participants. The reason why the nuclear energy context was more
meaningful to the participating teacher candidates might be related to where the participants were
located. As the study was conducted in Mersin where one of the first nuclear energy power plants of
Tiirkiye is being constructed, the participants might be more familiar with the context being discussed
as issue familiarity (Garrecht et al., 2021) and personal relevance (Dawson & Venville, 2022; Sparks et
al., 2022) were reported as influencing factors in producing more nuanced arguments.

CONCLUSION, LIMITATIONS, AND IMPLICATIONS

This study explored how SSl-based instruction influenced preservice teachers’ argument quality and
whether their argument quality differed in various SSI contexts. While the results showed that
participating PSTs were able to produce arguments including claim, warrant, backing, and/or grounds,
higher level arguments including counter-arguments and rebuttals were less even though their numbers
increased throughout the course. This, in fact, is an important finding which can show directions for
future research. SSl-based implementations are quite new in teacher training programs. Chen and Xiao
(2021) highlighted the necessity of explicit guidance and support for teachers to implement SSI-based
instruction. Improving teachers’ practices can be achieved through teacher education programs. There
was a consistent call for including argumentation (Capkinoglu et al., 2021) and socioscientific
argumentation (Krell et al., 2024) in teacher education programs in SSI research. However, the literature
also reported that PSTs had difficulty in producing high-level arguments including counter-arguments
and rebuttals (Capkinoglu et al., 2021; Martin-Gamez & Erduran, 2018; Zhao et al., 2023).
Consequently, the number of courses including SSI-based instruction might be increased. Indeed, Zhao
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et al. (2023) called incorporation of a more balanced argumentation education in teacher education
programs. Incorporating argumentation in SSI-based instruction can be a way to achieve this.

The present study also has limitations which can provide suggestions for future research. First, we did
not assess the effectiveness of SSI-based instruction by using an experimental design including a control
group and make statistical comparisons between the treatment and control groups. Thus, future studies
might adopt a control group to compare the effectiveness of SSI-based instruction. Moreover, we did
not conduct any pre- and post-test comparisons. Some comparisons in participants’ argumentation skills
between pre-and post-test assignments might also help understand the effectiveness of SSl-based
instruction. Lastly, we only included participants’ written reports in our analyses. Future research
focusing on classroom debate might help understand how participants produce counter-arguments for
persuading others.
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TURKCE GENISLETILMIS OZET

Sosyobilimsel konular (SBK) uzun yillardir fen egitimi arastirmalarina yon vermektedir. Klonlama,
genetik testler veya iklim degisikligi gibi geleneksel SBK’lerin yan1 sira COVID-19 pandemisi, zorunlu
COVID-19 asisi, tek kullanimlik maske ve eldiven kullanimi ve bunlarin yarattigi plastik kirliligi gibi
yeni ikilemler getirmistir. Bireylerin bu ikilemlerle ilgili kararlar verirken farkli paydaslarin goriislerini
de dikkate almalidir. Ancak karar verme becerilerinin gelistirilmesi sanildig1 kadar kolay degildir. SBK
egitimi, tartigmali ve iyi yapilandirilmamis problemleri kullanarak, bilimsel ve kanita dayali muhakeme
becerilerinin uygulanmast yoluyla bireylerin karar verme becerilerini gelistirebilir (Zeidler, 2014).

2018 ve 2024 yillarinda degisen fen bilimleri 6gretim programlart da 6grencilerin gesitli SBK’de bilingli
karar verme becerilerinin gelistirilmesini siklikla vurgulamaktadir (MEB, 2018, 2024). Bu baglamda
yenilenen fen bilimleri &gretim programlari, 6grencilerin fikirlerini rahatca ifade edebilecekleri,
argiiman olusturabilecekleri, argiimanlarini farkli gerekcelerle destekleyebilecekleri ve arkadaslarinin
iddialarim1  ¢liriitmek icin karst argiimanlar gelistirebilecekleri uygun Ogrenme ortamlarinin
gelistirilmesini desteklemektedir (MEB, 2018). Nitekim, SBK acik uclu, iyi yapilandirilmamis ve
tartismaya acik konulara odaklandigindan (Sadler, 2004), SBK argiimantasyonla yakindan iligkilidir.
Bu nedenle SBK, argiimantasyon igin ideal bir baglam olusturur (Zeidler ve Sadler, 2007). SBK;
tartisma, miinazara ve argiimantasyon gibi sdylem uygulamalarimin kullanimi yoluyla katilimcilar
diisiinme ve muhakeme siire¢lerine dahil eder (Zeidler vd., 2019).

Ogretmenlerin, Ogrencilerinin cesitli SBK’deki argiimantasyon becerilerini gelistirebilmeleri igin
kendilerinin SBK temelli arglimantasyon yontemini uygulama becerilerine sahip olmasi gerekmektedir.
Bu halihazirda okullarda ogretmenlik yapan ogretmenler icin hizmet ici egitimler yoluyla
gergeklestirilebilirken, 6gretmen yetistirme programlarinda da 6gretmen adaylarinin bu becerilerinin
gelistirilmesi 6nem kazanmaktadir. SBK alan yazini, 6gretmen adaylarimin egitim verilmedigi takdirde
argiiman olusturma ve arglimanlarini destekleme becerilerinin zayif oldugunu rapor etmektedir
(Capkinoglu vd., 2021; Martin-Gamez ve Erduran, 2018; Zhao vd., 2023). Bu baglamda &gretmen
adaylarina saglanan egitimlerin 6gretmen adaylarmin argimanlart olusturan iddia, veri, destek ve
gerekce gibi bilesenleri tanima konusundaki farkindaliklarini arttirdigini ve daha nitelikli argiimanlar
olusturmalarina yardimer oldugunu rapor etmektedir (Atabey ve Arslan, 2020; Capkinoglu vd., 2021).
Ayn1 zamanda alan yazinda, 6gretmen adaylarinin argiiman becerilerinin gelistirilmesini yonelik bir
cagrt da bulunmaktadir (Christenson ve Walan, 2022; Zhao vd., 2023). Buradan yola cikilarak
arastirmaninin ilk problemi su sekilde belirlenmistir:

1. Fen bilgisi 6gretmen adaylar1 tarafindan g¢esitli SBK’de iiretilen arglimanlarin kalitesi nedir?

Ilgili alan yazin incelendiginde, 6gretmen adaylarinin argiiman kalitesinin genellikle tek bir baglamda
(6rnegin; hayvan deneyleri ya da niikleer santral kurulmasi gibi) incelendigi goriilmektedir (bkz. Aziz
ve Johari, 2023; Dawson ve Carson, 2020; Garrecht vd., 2021; Oztiirk ve Yenilmez Tiirkoglu, 2024).
Ancak farkli SBK baglamlarinin 6gretmen adaylarinin argiiman kalitelerine etkisini inceleyen ¢aligma
sayis1 oldukga azdir (Cenk ve Ercan Yalman, 2022; Ercan Yalman, 2023). Bu ¢alismalarin bir kisminda
(6rn, Cenk ve Ercan Yalman, 2022) ise herhangi bir uygulama mevcut degildir. Dolayisiyla, bu
caligsmanin arastirma sorusu su sekilde belirlenmistir:

2. Farkli1 SBK baglamlarinin fen bilgisi 6gretmen adaylarinin argliman kalitesini nasil etkiler?

Bu ¢alismada belirlenen arastirma sorularina cevap aramak igin 6rnek olay yontemi tercih edilmistir.
Calismaya Ege bolgesinde bulunan bir devlet {iniversitesinde 6grenim gormekte olan 13 dordiincii sinif
fen bilgisi 6gretmen aday1 katilmistir. Calisma “Fen ve Teknoloji Kaynakli Sorunlar” dersi kapsaminda
13 hafta boyunca yiiritilmustiir. Arastirmanin gergeklestirilebilmesi icin ilgili {iniversitenin Etik
Kurulundan izin ve aragtirmaya katilan 6grencilerden bilgilendirilmis onam formu alinmustir.

Calismaya gergevesinde 13 haftalik bir SBK temelli 6gretim programi hazirlanmistir. Tlk alt: hafta; SBK
tanimi, fen bilimleri 6gretim programindaki SBK kazanimlari, SBK’de karar verme ve argiimantasyon
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yontemleri ele almirken kalan sekiz hafta boyunca farkli SBK baglamlar1 (genetik hastaliklar-
Huntington hastalig1 ve Kistik Fibroz, bocek dldiiriicii kullanimi, organik tarim, GDO’lu organizmalar,
yapay et tiiketimi) konularinda hazirlanan senaryolar sinif ortaminda tartisilmis ve 6grenciler konu ile
ilgili birer rapor hazirlamigtir. Veriler, katilimcilarin yazili olarak hazirladiklar1 ve konu ile ilgili
aldiklar kararlarini, gerekcelerini ve varsa karsi argliman ve ciiriitiiciilerini yazdiklar1 raporlar yoluyla
toplanmistir. Her bir 6grencinin yazili arglimanlari, hazirlanan argiiman degerlendirme rubrigi ile
degerlendirilmistir.

[k arastirma sorusu kapsaminda, elde edilen bulgular, fen bilgisi gretmen adaylarmin farkli SBK
baglamlarinda farkli bakis agilarii (6rn. karsi argiimanlar) ve bu bakis acilarina yonelik ¢iiriitiicii
kanitlar1 dikkate almadan ¢ogunlukla destekleyici kanitlarla (destek, gerekce veya dayanak dahil)
birlikte arglimanlar ifade ettiklerini ortaya koymustur. Bu bulgu, farkli SBK baglamlarinda 6grencilerin
argiimantasyon kalitesini arastiran alan yazin tarafindan kismen desteklenmistir: Ornegin, Wu ve Tsai
(2007), katilimeilari %40'1ndan azinin karsi argliman ve ciiriitme olusturabildigini ve ¢ogunun kanita
dayali kararlar verebildigini rapor etmistir. SBK temelli 6gretim uygulamalarinin ise genellikle
katilimcilarin argliman kalitelerini gelistirdigi rapor edilmistir (Atabey ve Arslan, 2020; Aziz ve Johari,
2023; Bichtold vd., 2023; Dawson ve Carson, 2020; Zohar ve Nemet, 2002). Ornegin, Aziz ve Johari
(2023) SBK temelli 6gretim sonunda, 6grencilerin destekleyici arglimanlarinda, karst arglimanlarinda
ve gliriitmelerinde 0n teste kiyasla son testte onemli artislar oldugunu sonucuna ulagsmistir. Her ne kadar
bu ¢alismada katilimcilarin arglimantasyon kalitesi uygulama oncesi ve sonrasi degerlendirilmemis olsa
da yiiksek seviyeli argiimanlarin (Seviye 3 ve Seviye 4 olarak etiketlenen) sayisinda bir artis olmasini
beklenmistir. Ilk tartisilan genetik gecisli hastaliklarda ¢ok az sayida iist diizey argiiman varken, sonraki
konularda (6zellikle GDO'lar ve yapay et tiiketiminde) dogrusal bir artis olmasa da iist diizey
argiimanlarin (Seviye 3 ve Seviye 4 olarak etiketlenen) sayis1 arttig1 goriilmektedir. Dogrusal olmayan
bu artig, 6grencilerin arglimantasyon becerilerinin SBK temelli 6gretim yoluyla gelistirilebilecegini
rapor eden alan yazini desteklemektedir (6rnegin, Aziz ve Johari, 2023; Bachtold vd., 2023; Dawson ve
Venville, 2022; Dawson ve Carson, 2020).

Bazi katilimcilarin bazi SBK baglamlarinda (yapay et tiiketimi veya GDQ'lar) iist diizey arglimanlar
iiretebilmesinin nedeni, ele alinan SBK baglamiyla ilgili olabilir. Buda bizim ikinci arastirma sorumuza
cevap olusturmaktadir. Nitekim, konuya asinalik (Garrecht vd., 2021) ve kisisel ilgi (Dawson ve
Venville, 2022; Sparks vd., 2022), argiimanlarin g¢esitliligini ve derinligini (karsi argiiman ve
cliriitiiciilerle, arglimanlar1 destekleme) etkileyen onemli faktorlerdir. Katilimeilar, tartigilan SBK
baglamiyla ilgili hissederlerse, daha incelikli ve iist diizey argiimanlar {iretebilirler. Bu durum da bizim
farkli SBK baglamlarimin katilimcilarin farkli seviyelerde argiiman olusturmasinda etkili oldugu
bulgularimizla ortiismektedir. Alan yazindaki pek ¢ok ¢alisma, tek bir konu baglaminda katilimcilarin
argiimann kalitelerini incelemistir (6rnegin, iklim degisikligi, asilama veya plastik kirliligi (bkz. Aziz
ve Johari, 2023; Dawson ve Carson, 2020; Cetinkaya ve Saribas, 2023; Krell vd., 2024). Ancak son
zamanlarda, katilimcilarin farkli SBK baglamlarinda irettikleri argiimanlari inceleyen calismalar
gorlilmektedir (Cenk ve Ercan Yalman, 2022; Ercan Yalman, 2023). Ornegin Cenk ve Ercan Yalman
(2022), iklim degisikligi, GDO'lar, niikleer enerji, kok hiicreler ve alternatif tip gibi biyoteknoloji ve
saglikla ilgili SBK’lerde katilimcilarin daha fazla argiiman tiretebildiklerini, ancak 6tenazi, uzay kirliligi
ve asilama gibi baglamlarda ise daha diisiik diizeyde argliman iiretebildiklerini rapor etmistir. Bu
calisma, tartistlan SBK baglaminin roliine iliskin bulgularimizi kismen dogrulamakla birlikte, bu
calismada oldugu gibi argiimantasyon destekli bir SBK temelli 6gretimin olmamasi nedeniyle farklilik
gostermektedir. Bir bagka caligmada ise Ercan Yalman (2023) farkli baglamlardan sadece niikleer enerji
baglaminin katilimcilarin argiiman kalitesini belirgin sekilde etkiledigini belirlemistir. Bununla birlikte,
aragtirilan diger SBK baglamlarinin (6r. hayvan deneyleri, iklim degisikligi, uzay kirliligi, biyoteknoloji
ve nesli titkenmekte olan tiirler) katilimcilarin argiiman kalitesini etkilemedigi goriilmiistiir. Belirtilen
calisma, Tirkiye'nin ilk niikleer enerji santrallerinden birinin insa edildigi Mersin'de
gergeklestirildiginden, katilimcilar tartigilan baglama daha asina olabilirler ¢iinkii konuya asinalik
Garrecht vd., 2021) ve kisisel ilgi (Dawson ve Venville, 2022; Sparks vd., 2022) daha nicelikli
argiimanlar liretmede etkili faktorler olarak kargsimiza ¢ikmaktadir.
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