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ABSTRACT

Real life problems in the socio-scientific structure are the issues that need to be
considered and discussed from different perspectives in terms of their scientific aspect,
the environment and the social structure that they affect. Individuals who gain
experience with real-life knowledge can better adapt their knowledge to the problems
they may encounter in daily life. The process of argumentation (scientific discussion) in
the structuring of scientific knowledge and development of mental activities comes to
the forefront in recent educational studies. This process begins with questioning of the
claims made or defended by others and continues with the students' developing their
own arguments, defending them and refuting counter claims. In this context, as the
main aim of the study, the importance of presenting socio-scientific subjects to the
students by utilizing argumentation process in science courses was investigated. The
characteristic of the argumentation process is that individuals tend to support or refute
arguments regarding the situations they are faced with. Thus, in the process of
producing arguments, the socio-scientific situation is evaluated, examined and the
problems encountered can be seen critically from someone else's point of view.
Discussion of the dichotomous structure, inherent in socio-scientific topics, together
with argumentation process will lead students to think actively, and they will interpret
the events, develop arguments and produce applicable ideas.
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FEN BILIMLERI DERSLERINDE SOSYOBILIMSEL KONULARIN
ARGUMANTASYON SURECI KULLANILARAK OGRENCILERE SUNULMASI
0z

Sosyobilimsel yapidaki gergcek yasam problemleri barindirdiklari bilimsel yoni,
etkiledikleri cevre ve toplum yapisi itibariyle ¢ok ydnli dusintlmesi ve tartisiimasi
gereken konulardir. Gergek yasam bilgileriyle deneyim kazanan bireyler edindikleri
bilgileri glnlik hayatta karsilagsabilecekleri sorunlara daha rahat uyarlayabilirler.
Bilimsel bilginin  yapilandiriimasi  ve zihinsel faaliyetlerin  gelistiriimesinde
argumantasyon (bilimsel tartisma) sireci son dénem egitim c¢alismalarinda 6n plana
cikmaktadir. Bu sire¢ baskalarinca ortaya atilan veya savunulan iddialarin
sorgulamasi ile baglar ve 0&grencilerin kendi argimanlarini gelistirmeleri, onu
savunmalari ve kars! iddialari ¢uritmeleri ile devam eder. Bu baglamda c¢alismanin

amaci fen bilimleri derslerinde sosyobilimsel konularin argiimantasyon sireci
kullanilarak dgdrencilere sunulmasinin énemi arastiriimistir. Argliman surecinin 6zelligi
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bireylerin karsilastiklari durumlara yoénelik argimanlari destekleme ya da c¢lritme
egilimi icerisinde olmalaridir. Bdylece argumanlar Uretme surecinde sosyobilimsel
durum degerlendirilir, incelenir ve karsilagilan problemler baskasinin bakis agisindan
elestirel go6zle gorilebilir. Sosyobilimsel konularda var olan ikilemli yapinin
argumantasyon sireci ile tartisiimasi &grencileri aktif disinmeye yodneltecek,
ogrenciler olaylari yorumlayacak, argiman gelistirecek ve uygulamaya donuk fikirler
uretecektir. Bu noktadan bakildiginda ilkokuldan 6gretmen egitimine kadar fen bilimleri
derslerinde sosyobilimsel konularin argimantasyon sureci kullanilarak 6grencilere
sunulmasi fen okuryazari birey yetistirmeye katki saglayacaktir.

Anahtar Kelimeler: Sosyobilimsel konular, argimantasyon silreci, fen
okuryazarhgi

INTRODUCTION

One of the main objectives of education is to help individuals become aware of
the problems they are faced with and understand the relationship between science,
technology and society. Thus, they will be able to develop an awareness of
responsibility regarding the solution of the problems they are faced with. Family, social
environment, school and mass media are of great importance in developing this
awareness (S6nmez, 1994). The school contributes to the development of this
consciousness starting from childhood and allows individuals to grow up to be
conscious citizens sensitive to the problems they are faced with from an early age
(Dias et al., 2004). Within the framework of this awareness, science education can be
thought of as a map used to teach the unknown or as a tool for students to find what
they are looking for (Kurnaz, 2007). This is because science education allows students
to understand the world they interact with, to create new concepts by experiencing, to
learn how to organize these concepts in their minds, to apply and test the ideas they
put forward (Harlen, 1985; ct: Yirlyozoglu et al., 2009). The Ministry of National
Education (MEB), determined its main vision as educating students as science literate
individuals in Science Curriculum and adopted the goal of educating students who
research, question and discuss for a lifetime (MEB, 2018). In this direction, MEB serves
as the main guide for teachers in our country by setting concrete and guiding goals in
reaching the set target.

Rather than directly transferring the existing knowledge to the students,
contemporary education systems aim to provide the students with the skills of
accessing information, to follow the developments in the field of science and
technology and to interpret the effects of these developments on himself and his
environment (Cavus, 2013; Goécuk and Sahin, 2016). When the student sees where
and how the information s/he has learned theoretically is used, this accelerates his/her
learning process, the data that students have the chance to experience themselves can
be more permanent, and the knowledge may be transferred to other situations by being
reshaped and reorganized (Kluger and Bell, 2000). When the knowledge that the
students have formed through experience are combined with real-life problems, it
becomes useful for them to solve the problems they are faced with. Learning real-life
information is seen as an effective way to gain these experiences (Gocuk and Sahin,
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2016) because individuals who gain experience with real-life knowledge can better
adapt their knowledge to the problems they may encounter in daily life.

Real life problems are issues that need to be considered and discussed from
different perspectives with regard to their scientific aspect, the environment and the
social structure that they impact. Some of these problems may even have a character
on which all segments of the society may not reach a consensus, a single way out may
not be found and there may be a dilemma of right and wrong. Real life problems
comprise a dilemma because both social and scientific factors play a central role, and
such issues are called socio-scientific issues (Sadler, 2003). Socio-scientific issues are
issues that are intertwined with real life, have no single correct answers, are
controversial and comprise dilemmas (Tuzlin, 2013; Saglam, 2016). For instance,
should genetically modified organisms (GMOs) be consumed by humans? Are
hydroelectric power plants (HEPP) necessary? Is cloning a cure for diseases? When
we present such real life problems that unite science and society and that consist of
dilemmas to students, most of them are not able to give the same answers. Through
such subjects, the products generated by scientific knowledge and the problems they
cause also emerge. Students are informed about these issues, question and discuss
them and ultimately try to decide on this topic. Thus, important steps are taken towards
raising science literate individuals. Likewise, among the main objectives of the MEB
Science Education Program (2018) are to improve students' reasoning ability, scientific
thinking habits and decision-making skills by utilizing socio-scientific topics and the use
of socio-scientific topics in science courses is considered important.

In the structuring of scientific knowledge and the development of mental
activities, argumentation (scientific discussion) process has come to the forefront in the
studies conducted on education in recent years (Cinar, 2013). This process begins with
the teacher or the students questioning the claims made or defended by others. The
evidence and rationale that they present for their claims help students to develop a
perspective. In this process, the students' developing their own arguments, putting
forward their claims and joining debates to refute the counter-claims form the basis of
the argumentation process (Lin and Mintzes, 2010). With the discussion process,
students have the opportunity to study, support or refute both their own arguments and
others' arguments by engaging in interactive dialogues. On the other hand, the teacher
encourages students to share, evaluate and examine their arguments and to see the
problems from others' point of view (Oztiirk, 2013). Thus, in contrast to traditional
teaching methods, the argumentation process puts students at the center of learning
and provides opportunities for more meaningful learning. Based on this point, in this
study, the importance of utilizing the argumentation process of socio-scientific topics
suggested to be used in science courses and presenting them to students was
emphasized. The researcher considered it important that the students could acquire
knowledge aimed at socio-scientific issues concerning the society, develop analytical
and critical thinking skills regarding these topics and gain decision-making and
discussion skills with the 3rd and 4th grade science courses. In this context, as the
main aim of the study, the importance of presenting socio-scientific subjects to the
students by utilizing argumentation process in science courses was investigated. In the
study, the content of the sociological subjects, the use of the argumentation process in
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the learning-teaching environments and the discussion of the socio-scientific subjects
using the argumentation process, the contributions of this process to students were
described by the researcher and discussed and interpreted together with the previous
researches in literature. It is also thought that this study will contribute to the literature
due to the presentation of other research results compiled, guiding teachers' classroom
practices and offering perspective to other researchers.

METHOD
Research Model

The study was conducted on the basis of a holistic multiple case study design,
which is one of the qualitative research methods. The case determined in case studies
is studied intensively, and the units such as an individual or school are examined in
depth (Glesne, 2012; Simon, 2009). In case studies, data collection tools which include
multiple sources such as observations, interviews, documents etc. are used (Creswell,
2017). The existing situation in the holistic multiple case design is examined in itself
and the situations it includes are compared and interpreted (Yildirirm ve Simsek, 2018).
In this study, the multiple case examined, the presentation of socio-scientific topics
using argumentation process, and the contributions of using this process in science
courses to students were interpreted.

Data Collection

The data of the study were obtained by document analysis method. According
to Merriam (2013), qualitative research is based on understanding and interpretation.
The data in the basic qualitative research, which can be seen in all disciplinary and
practical areas; interviews, observations and document analysis. While document
analysis has traditionally been used by historians, anthropologists and linguists,
sociologists, psychologists and educators have also contributed to the development of
important theories by using document analysis (Simsek, 2009). In this method, official
documents, written rules and regulations, newspapers, magazines, books, press
releases and the like are collected in accordance with the purpose of the study and
then written and visual materials are examined in depth (Seydi, 2014; Turgut, 2012). In
line with the purpose of the study, the researcher accessed sources such as published
books, book chapters, theses, articles, papers, etc. and by forming a document pool.

Data Analysis

The documents collected by the researcher were examined by the researcher
and the data were analyzed by descriptive analysis method. In the descriptive analysis
method, the data are used without being changed, revealed, explained, depicted and
illustrated to the readers (Sénmez and Alacapinar, 2018). In line with the obtained
data, the concepts determined according to the purpose of the research were
explained and interpreted under titles. According to the data obtained, the findings
were determined and interpreted as "Socio-scientific Issues”, "Argumentation Process
is and Use in Learning-Teaching Processes” and "Discussion of Socio-Scientific Issues
Using Argumentation Process”.
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FINDINGS AND INTERPRETATION

In this context, the importance of presenting socio-scientific subjects to the
students by utilizing argumentation process in science courses was investigated. In this
section, the content of socio-scientific subjects, the use of argumentation process in the
learning-teaching environments, the discussion of socio-scientific subjects using the
argumentation process and the contribution of this process to students were described
and interpreted for the reader by titles in line with the data obtained from data collection
tools.

Socio-scientific Issues

The fact that the current issues of the day, which directly concern the individual
and the society such as the future of the world, human health and environmental
problems, are included in the educational programs will change the students’
behaviours positively and contribute to their becoming science literate. Emphasis on
socio-scientific issues in science courses can serve as a tool to make this contribution.
Kolsto (2006) defines socio-scientific subjects as issues that have a scientific aspect,
are generally within the boundaries of scientific knowledge, involve observations and
require decision making in individual or social terms; Sadler (2003), on the other hand,
describes them as complex, open-ended, often controversial issues with no definite
answers comprising dilemmas. Whereas socio-scientific subjects comprise moral and
ethical dimensions, they contain important contradictions that have conceptual,
methodological or technological ties with human life and that can create social effects
(Lee et al.,, 2006; Sadler and Donnelly, 2006). These issues are accepted as
controversial issues that concern the society with no definite answers as well as being
scientific (Topgu, 2010). These issues, which can be evaluated from many
perspectives, highlight the problematic situations that cannot be discussed with simple
judgments and often include moral and ethical aspects (Aksit, 2011). While individuals
evaluate socio-scientific issues, they compare the different dimensions of the subject
and its related disciplines and this encourages them to think on a multidimensional
level (Cavus, 2013). The result of sociological issues evaluated in different disciplines
includes the nature of the subject completely discussed, the basic information on this
subject, the answers to be given in the light of these information and the decisions
reached (Tuzln, 2013).

Many socio-scientific topics such as acid rain, ozone layer, greenhouse effect,
fossil fuels, use of renewable energy, nuclear power plants, genetically modified
organisms / foods (GMOs) can be presented to students as part of science education
courses. Associating these subjects with science education lessons from the
elementary school onward enables students to have knowledge on economic, political,
social, health and ethical issues related to science, to approach them critically and to
make more informed decisions about these issues (Gulhan, 2012; Yapicioglu, 2016).
Students who take this opportunity with socio-scientific issues make a connection
between science and daily life and evaluate the information they have learned as a part
of real life. Thus, they can develop more effective solutions to the real life problems
they face.
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In science topics, we expect the students to solve a problem or draw a
conclusion based on the information currently accepted (Tuzln, 2013). Socio-scientific
based teaching makes topics with scientific content, which students are not interested
in and which may be deemed boring, more interesting and enjoyable (Dolan et al.,
2009). In many research conducted, it was determined that in learning environments
based on socio-scientific subjects and situations, students understood science
concepts better, that such environments made the learning of boring scientific topics,
which students show no interest in, more attractive, and that these environments
increased motivation in learning and affected the attitudes of students towards science
positively (Dolan et al.,, 2009; Aksit, 2011; Topcu et al.,, 2014, Yapicioglu, 2016).
Klosterman and Sadler (2009) argued that socio-scientific subject-based education
could be an effective tool in students' learning the science content, and stated that
socio-scientific subject-based education content should be utilized in science courses.
In their study, where they examined the relation between 5th grade students' scientific
information regarding greenhouse effect and global warming and their awareness of
social activism, Lester et al. (2006) found that educational status in socio-scientific
topics contributed to the individuals' consciousness-raising in social aspect. In a study
on energy literacy, which is a socio-scientific subject, problem-based learning method
applied in the experimental group was found to be more effective in energy literacy
than the activities in the current program. At the end of the study, the positive effects of
socio-scientific issues on learning were discussed (Gocik and Sahin, 2016). Therefore,
instead of directly transferring the subject, situation or problem that constitutes the
objective of the course to the students with traditional teaching methods, creating a
learning environment that enables students to discover and learn by themselves with
socio-scientific based topics will enable them to better comprehend the knowledge
(Akpinar and Ergin, 2005). The students will be able to discuss and interpret how
science course and the scientific and technological developments affect the
environment and the society with socio-scientific based teaching activities.

Although socio-scientific subjects are considered to be research subjects in
fields such as science, medicine or biology, it should be known that such subjects also
have political foundations or socio-political consequences (Cankaya, 2014: 297). The
results of the studies on the environment and living things form the basis of
developments that will significantly affect the social life not only in the technical sense
but also in a sociological sense. The responsibility of the social sciences should be to
follow these developments and associate them with social events and seek solutions to
problems (Akar, 2010). The National Science Education Standards, published by the
National Research Council (NRC) in 1996, emphasizes the need for students to
discuss and analyze socio-scientific topics and the need for these topics to be in school
programs. Klosterman and Sadler (2009) propose an interdisciplinary education model
that includes socio-scientific subject-based concepts and compelling and problematic
issues that drive these concepts and learned subjects into discussion, decision-making
and critical thinking. Gray and Bryce (2006) argued that students should have the basic
infrastructure and skills necessary to make informed judgments and decisions about
the developments they face in the media or in daily life, and that social, moral and
ethical issues should be included in all stages of science education. Many countries,
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especially the USA, recognized the importance of socio-scientific subjects for science
education and placed socio-scientific subjects in their school curricula (Topgu, 2015;
MEB, 2018).

Argumentation Process is and Use in Learning-Teaching Processes

Today, science education is not expected to equip students with memorization-
based information; the aim of this course is to educate individuals who question the
information they obtain and who can use this information in different situations and
problem solutions in a functional way (Aktas, 2017). The Ministry of National Education
has defined the ideal student role in the education programs it has published and
emphasized the importance of their being individuals who investigate the source of
information, question, explain and discuss the events and situations (MEB, 2013;
2018). In order to raise this student model, the methods and strategies, where they can
research, question and discuss, feeling the need to explore the natural and physical
world that surrounds them and form the knowledge in their own minds by acting, living
and thinking like a scientist, should be included in the learning-teaching processes
(Babacan, 2017). Appropriate discussion activities can be used to achieve this goal in
science courses because if a situation or event is presented and evaluated in
discussion activities, it is easier for students to make appropriate claims and to
understand the nature of science (Driver et al., 2000). In this way, while learning
becomes more meaningful and permanent, students will grasp the social aspect of
scientific knowledge as they will interact socially with their friends (Cinar, 2013). At the
same time, in-class scientific discussions lead students and teachers to think and
reason scientifically (Erduran et al., 2004).

In the context of scientific discussion activities in the teaching and learning
processes of science courses, argumentation activities are frequently used in recent
years. An argument is defined as claims, data, justifications and supporters that
contribute to a discussion process (Erduran et al., 2004); it includes statements put
forward to present the strengths of a situation or issue and to convince others of this
idea (Guzel et al., 2009). Thus, the individual participates both in a cognitive and social
argumentation process throughout the course of scientific discussion by analyzing his
explanations and evidence in an organized way in his own thinking process (Duschl
and Osborne, 2002). Argumentation is defined as a mental activity and refers to the
process in which mental activities and evidence are used to support claims through
verbal and written activities (McNeill and Pimentel, 2010). Argumentation has been
described as a process that allows individuals to be curious and active, helps
meaningful and permanent learning, and gives students and teachers the opportunity
to express their thoughts (Aydin and Kaptan, 2014).

Toulmin (1958) stated that individuals produce arguments by presenting reason
or rationale to justify their behaviors, beliefs, attitudes and values to convince others.
However, he argued that the arguments created by individuals about the same
situation, problem or subject may be different from each other. With the argumentation
model that he formed, he defined the formation of data, claim and justification against
the event, situation or problems as the main components of the argument and included
supportive, qualitative (restrictive) and refuting components in this model for more
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complex arguments (Aldag, 2006). The Toulmin Argumentation Model is presented in
Figure 1.
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Figure 1. Toulmin Argumentation Model

This model, developed by Toulmin, combined the daily use of argumentation
with critical thinking skills and paved the way for the use of the argumentation process
with classroom practices. Oztiirk (2013), while describing the argumentation process
using the Tolumin Model, emphasized that it is a process that includes both mental and
social dimensions including written and verbal activities where students' ideas are put
forward, their claims are supported with evidence and ideas are mutually evaluated. In
the argumentation process, which is used as a teaching method, students are asked to
produce arguments about their views, support their claims with data and provide
justification for their claims. In order to produce higher-level, complex arguments, their
use of rebuttal, restriction or support is encouraged (Cross et al., 2008). The use of
Tolumin Argumentation Model in learning-teaching environments brought together
theory and learning models in a special field, and the students expressed themselves
in relation to the problems posed using claims, data, or real-world experiences. Thus,
the argumentation process is used as a social activity that enables them to find
solutions to possible problems (Andrews, 2010).

In the discussions that are traditionally applied in science classes, while
preparing an environment that basically supports the teacher-learner interaction, it
starts with a question directed by the teacher and ends with the evaluation of the
answers from the students. On the other hand, since classroom discussions where the
argumentation is included in the learning process is based on producing ideas,
evaluating the different ideas obtained in line with evidence and choosing the
argumentation, which uncovers the best idea, the course process becomes more
efficient (Aktas, 2017). Argumentation-based activities should be organized as group or
whole class discussions, and the opportunity to form a group argument with data usage
and interpretation skills should be encouraged, thus contributing to the development of
students’ argumentation skills (Jan, 2009). This is because argumentation-based
learning environments require the collaboration of everyone in the classroom, and
instead of accepting information as it is, there are questions, discussions, evaluations,
criticisms, and finding a middle ground (Angiin and Atalay, 2016). The argumentation
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process thus becomes a structure where students can gain different perspectives and
develop their communication skills when they interact (Chen and She, 2012). At the
same time, when students participate in the argumentation process and encounter
different views, they can reflect their own ideas, recognize misconceptions and learn
better (Cross et al., 2008).

Students who personally participate in the argumentation process will question
the scientific knowledge, put forward their arguments, support them with data and enter
into the discussion process. They start to refute or interpret the allegations against
them. In this way, while students argue with their peers during the argumentation
process, they build their new knowledge on the old ones. Thus, the opportunity is given
for knowledge to be structured in minds, and the way is opened for meaningful
learning. In addition, students may experience frustration and surrender rather than
success and trust throughout the argumentation process, where they have to deal with
difficult ideas (Hudson, 2010). While providing an environment where students can
discuss based on the argumentation process, a classroom environment should be
created in which they will not move with the sense of competition, will not experience
the ambition to win or fear of losing and where they may feel comfortable. Otherwise,
instead of evaluating the relationship between ideas and events from a scientific point
of view, students may exhibit a dominant personality for the sake of justification
throughout this process (Torun, 2017). In this context, teachers should take the
necessary precautions and place emphasis on the discussion of scientific knowledge
by preparing activities based on argumentation.

The argumentation process enables the subjects to be taught in a more
interesting way, to remember the learned knowledge, to make the learning of
knowledge more permanent, to make analysis and synthesis; but it is also an important
teaching method for students in terms of improving reading, writing and speaking skills
(Schmoker and Graff, 2011). In the argumentation process, students make an effort to
reach a common idea based on data among different ideas (Furtak, 2006). Through the
argumentation process, students can be critical thinkers who are open-minded,
attentive while researching the data regarding the topic, focused on questioning it,
honest in confronting their personal prejudices, meticulous in decision making and
willing to reconsider their decisions (Facione, 2011). By creating an interactive
discussion environment based on argumentation in classrooms, students are ensured
to ask questions to each other, to evaluate their results scientifically, to be able to
comment on the ideas suggested and to analyze explanations (Cinar, 2016).
Considering these important contributions, the argumentation process that will enable
them to understand not only conceptual knowledge but also critical thinking skills and
scientific issues should be emphasized during science education (Driver et al., 2000).

Discussion of Socio-Scientific Issues Using Argumentation Process

Socio-scientific issues are open-ended, unresolved problems due to their
structure. These issues, which are contradictory and comprise dilemmas, are evaluated
by individuals with different thinking structures (Levinson, 2006). Socio-scientific issues
allow students to look at the issue from different perspectives and evaluate the possible
moral consequences of their decisions, and offer many ideas regarding the impact of
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the issue on the environment and society (Aksit, 2011). The characteristic of the
argumentation process is that individuals tend to support or refute arguments regarding
the situations they are faced with. Thus, in the process of producing arguments, the
socio-scientific situation is evaluated, examined and the problems encountered can be
seen critically from someone else's point of view (Oztiirk, 2013). Since the evaluation of
socio-scientific topics throughout the argumentation process leads to decision making
concerning topics defined as comprising dilemmas and to develop new ways of
solution, it may not enable students to look critically. Babacan (2017) asked secondary
school students to produce arguments on socio-scientific issues and concluded that the
students improved their critical thinking skills at the end of the activities. In another
study related to nuclear energy, which is a socio-scientific subject, it was found that the
reasoning levels of teacher candidates producing arguments increased (Demircioglu
and Ucgar, 2014). In the study, which Celik et al. (2017) designed for mathematics
teachers and examined the critical reading levels through the online argumentation
process, at the end of eight weeks of practice, it was found that online argument
creation environment increased students' critical thinking skill scores significantly in
statistical terms. Tal and Kedmi (2006), in their study, where they brought out the
relation between high school students' ability to produce arguments in socio-scientific
subjects and to think critically, found that students' argumentation skills increased over
time and that students whose argumentation skills increased also improved their critical
thinking skills. Therefore, discussion of socio-scientific issues with argumentation
based teaching process provides students with scientific thinking skills, changes
students' perspective on the world and events, and develops their critical thinking skills.
Thus, it makes important contributions regarding individuals' being science literate.

Due to the nature of socio-scientific issues, there are some studies, which
conclude that students develop their argument levels by using the components
necessary for a scientific discussion more comfortably. Lina and Mintenz (2010)
concluded that socio-scientific practices improved 6th grade students' argumentation
skills and that it led to the improvement of their skills such as argument, justification
and counter argument. Oztiirk (2013), in his research with 8th grade students,
concluded that socio-scientific subject-based practices led to improvement in students’
argument skills and that students produce better quality arguments as the process
progresses. Zengin et al. (2012) found a significant difference between pre-test and
post-test mean scores in their experimental study with primary school students on
nuclear power plants, a socio-scientific subject, and found that students produced
better quality arguments as the weeks progressed. Topgu (2015) stated that as the
content of socio-scientific subjects presented to prospective teachers changed, the
qualities of the arguments they formed also changed, and revealed that socio-scientific
subjects could significantly change the argumentation abilities of science teacher
candidates. Zeidler and Sadler (2008) argued that the students who gained the skill of
argument should be democratic, participatory and knowledgeable students and that the
argumentation process could be used for citizenship education. Thus, with science
education, students can be helped to be active, knowledgeable, thinking, responsible
and democratic participants and it can also be aimed to develop their ethical and moral
decision making skills (Kolsto, 2001; Waghid, 2005). Socio-scientific issues are multi-
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faceted with their moral, ethical, social, political and economic characteristics and are
difficult to solve and cannot be solved alone. Discussion of these situations develops
the ability of individuals to make decisions as world citizens and paves the way for
decisions to be the product of common sense (Karakaya, 2017). Thus, discussion of
socio-scientific issues by using argumentation process contributes to the development
of active individuals who research, think, question and can make decisions.

With the argumentation applications based on socio-scientific issues, students'
interest towards the course may increase, their information deficiencies and
misconceptions may decrease and academic achievements may increase. Ozdemir
(2010), in his study, stated that students may comprehend the Science-Technology-
Society-Environment relation in general but can not understand the intellectual
background in technological developments, and justified it with their superficial
knowledge regarding current phenomena, concepts and principles in terms of science
literacy. The fact that socio-scientific issues are intrinsically frequently encountered and
thought provoking subjects as part of daily and social life and that these situations are
discussed in individual or group discussions with the argumentation process may
positively increase learners' motivations throughout the learning process. Because, in
this process, the individual will be actively involved in the center of learning by going
beyond traditional teaching methods. Demirel (2017) found that combining the
argumentation process with real-life problems was more effective in increasing the
success and motivation of secondary school students compared to current curriculum
practices. He stated that the information learned was thus more permanent, the
lessons were more remarkable and fun, and the applications had a facilitating effect on
learning. Cinar (2016) taught the unit "energy in our lives" to 5th grade students using
argumentation based teaching process and found that the academic success and
conceptual understanding of students increased in comparison to the use of the current
program. In another study, the use of the argumentation process on the subjects “sun,
moon and earth” increased the 5th year students' desire for learning, their effective
learning levels increased and misconceptions were minimized (Kuzzu, 2018). Akkas et
al. (2018), in their studies, where they used argumentation based teaching approach in
socio-scientific situations aimed at 5th grade students, applied a unit-based
achievement test to the experimental and control groups and found a significant
difference in favor of the experimental group in the mean academic achievement
scores following the process.

CONCLUSION AND RECOMMENDATIONS

When individuals make decisions about socio-scientific issues; they can be
affected by religious judgments, age level, teacher's position, lack of field knowledge,
limited environment, family perspective, emotional state and economic factors
(Yapicioglu and Kaptan, 2016). But, discussion of the dilemma bearing structure,
inherent in socio-scientific topics, together with argumentation process will lead
students to think actively, and thus students will interpret the events, develop
arguments and produce applicable ideas. In this process, the students will justify their
claims with the data they have obtained using Toulmin Argumentation Model, and they
will be directed to refute or accept them by using qualifiers and supporters against
counter claims. Smith (1992) presented a model based on argumentation, which
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includes the bio-ethical process, a socio-scientific subject. This model can be
administered by teachers and practitioners in science teaching and learning
environments as shown in Figure 2.

Presenting the

Socio-scientific
Subject
1
Expansion and Revealing Prior
Application Information
7 2

Revealing
Individual
Perspectives /

Ending and
Summarizing

the Discussion
6

Arguments
3

Makinga Joint
Decision Through
Large Group

Small Group
Discussion

(Understanding)
4

Discussion
5

Figure 2. Socio-Scientific Topic Based Education Process Built on Argumentation
According to Smith (1992)

In this model, a connection is established between the dilemma situation
created by the socio-scientific subject and the scientific / theoretical preliminary
knowledge that students have learned at school. The students are expected to form
arguments, where they will reveal their personal viewpoints regarding the socio-
scientific topic presented. At this stage, the main argument components of the Toulmin
Argumentation Model can be taken as a basis. The guidance of the teacher or
practitioner is seen as important in the process, and students are encouraged to make
decisions by discussing their individual arguments in small and large groups. At the
same time, Mason (2001); Karakas and Sarikaya (2020) argumentation method is
effective in learning students' concepts of science has reached the conclusion that
small group discussions. Individual arguments formed in small and large group
discussions can be strengthened or changed. It can also produce a higher quality
argument because it involves a small and large group interaction process. The
arguments formed at the end of the activity may be evaluated, deepened and adapted
to different situations and the students are allowed to question socio-scientific real life
problems in a multidimensional way. What is fundamental in the implementation of this
model is not that individuals are in different positions; to solve the problem they face, to
understand the issue and to make decisions about the different perspectives, the
possible solutions are to examine and evaluate (Aldag, 2005).
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Many different socio-scientific issues such as industrial development, acid rain,
ozone destruction, global climate change, use of fossil fuels, renewable energy and
environmental impact, nuclear power plants, in vitro fertilization, stem cell therapy,
gene therapy, genetically modified organisms (GMO), cloning can be presented to the
students at different levels (primary, secondary and high school) in the argumentation
process as part of the science courses. Different topics may allow primary school
students to become accustomed to this method and to use arguments effectively.
Lazarou (2009) has shown that the use of the argumentation method creates positive
improvements over the time for primary school students to produce better quality
arguments. Hasangebi (2014) emphasized that argumentation-based learning
approach contributes to the development of written argumentation skills of elementary
school students and as a result of this approach, there is a positive development in the
individual characteristics of students such as self-confidence, self-expression and
communication. At the same time, combining experimental activities with
argumentation process in science courses improves both scientific process skills and
critical thinking skills (Cinar, 2016). Because, by presenting socio-scientific issues by
using argumentation process, the necessity of a multi-faceted scientific discussion
process between students and teachers will be inevitable and a social dialectic process
will be revealed in the scientific discussion process. Ulu (2018) used the
argumentation-based science learning approach as a discussion process in laboratory
activities in experimental processes. He stated that this method increases students'
level of concept learning and the argumentation process is useful in observing the
cause-effect relationship.

Prospective teachers who will train students at primary level can be included in
the applications where they can use socio-scientific issues during the discussion
process. Associating these types of subjects with science courses may enable students
to be informed about economic, political, social, health and ethical issues related to
science, to look at the issues critically and to make more informed decisions, to
increase their academic level and reduce their misconceptions. At the same time, it can
raise curiosity since socio-scientific issues are often encountered as part of everyday
and social life, thus increasing learners' motivation positively throughout the learning
process. From this point of view, presentation of socio-scientific subjects to students by
using argumentation process in science classes will contribute to the education of
science literate individuals.
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