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ABSTRACT

DEVELOPING PRESERVICE SCIENCE TEACHERS’ SOCIOSCIENTIFIC
REASONING THROUGH SOCIOSCIENTIFIC ISSUES-FOCUSED COURSE

Cansiz, Nurcan
Ph.D., Department of Elementary Education
Supervisor : Assoc. Prof. Dr. Ozgiil Yilmaz Tiiziin
Co-Supervisor: Prof. Dr. Troy D. Sadler

March 2014, 278 pages

The purpose of this study was to investigate how preservice science teachers’
(PSTs) socioscientific reasoning changes in response to participation in a
socioscientific issues-focused course. Socioscientific issues (SSI) are complex,
uncertain, lack clear-cut solutions; require ongoing research and examining from
multiple perspectives. Individuals should recognize the complexities associated
with SSI, examine them from multiple perspectives and, appreciate the need for

ongoing inquiry to negotiate and resolve them.

For the purpose of this study, design based research with qualitative approach was

used. A single group design was used to investigate the change in participants’

iv



socioscientific reasoning before, during, and after SSI-focused course. A total of 33
PSTs enrolled in the Science-Technology-Society course were involved in the
study. A semester-long course was designed with three phases. The course included
teacher-led whole classroom discussions, teacher-guided group activities, and
independent group activities. Data were collected through pre-post interviews,
open-ended questions, reflection papers, video/audio recordings, and written

reports.

An initial analysis of interview data resulted in development of depth rubric to
assess socioscientific reasoning in addition to the previous rubric. Results revealed
that there was a significant improvement in PSTs’ socioscientific reasoning in
terms of complexity, inquiry, and multiple perspectives before and after SSI-
focused course. The results after first and second phases also revealed that PSTs’
socioscientific reasoning in terms of complexity, inquiry, and multiple perspectives
developed gradually during the SSI-focused. The teaching and learning activities in
SSI-focused course were discussed as potential source for the development of

socioscientific reasoning among participants.

Keywords: Socioscientific Issues, Socioscientific Reasoning, Complexity, Inquiry,

Perspectives



0z

FEN BILGiSi OGRETMEN ADAYLARININ SOSYOBILIMSEL KONULARDA
MUHAKEME YETENEKLERININ GELISTIRILMESI

Cansiz, Nurcan
Doktora, Tlkdgretim Boliimii
Tez Yoneticisi: Assoc. Prof. Dr. Ozgiil Yilmaz Tiiziin
Ortak Tez Yoneticisi: Prof. Dr. Troy D. Sadler

Mart 2014, 278 sayfa

Bu calismanin amaci fen bilgisi 6gretmen adaylarinin sosyobilimsel konularda
muhakeme yeteneklerinin sosyobilimsel konular iizerine tasarlanmis bir ders ile
nasil degistigini aragtirmaktir. Sosyobilimsel konular karmasik ve belirsiz bir
yapiya sahiptir. Coziimleri kesin ve tek degildir. Karar verme ve ¢6ziim bulma

stirecinde farkli boyutlar ve goriisler incelenmeli ve bilgi arastirilmasi yapilmalidir.

Bu c¢alismanin amacina uygun olarak tasarim tabanli arastirma modeli
kullanilmistir. Fen bilgisi 0gretmen adaylarimin muhakeme yeteneklerindeki
degisim sosyobilimsel konular iizerine tasarlanmis ders Oncesinde, sirasinda ve

sonrasinda incelenmistir. Sosyobilimsel konular iizerine tasarlanmis ders fii¢
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asamadan olugmaktadir. Katilimcilar bir donem boyunca dgretmen rehberliginde
sosyobilimsel konularla ilgili makaleler okumuslar ve bu konularla ilgili durum
caligmalar1 yapmislardir. Grup olarak sosyobilimsel konular iizerine tartisma ve
karar verme siireglerini igeren aktiviteler igerisinde bulunmuslardir. Fen-Teknoloji-
Toplum dersine kayitli 33 fen bilgisi Ogretmen adayi c¢alismaya katilmistir.
Calismanin veri kaynagini On-son goriismeler, acgik uglu sorular, bireysel

dokiimanlar ve derslerin video kayitlar1 olusturmaktadir.

Ilk yapilan analizler sosyobilimsel konularda muhakeme yeteneklerinin
degerlendirilmesinde kullanilan rubrikin gelismesine katkida bulunmus ve bu
yeteneklerin daha detayli degerlendirilmesine olanak saglayan ikinci bir rubrik
gelistirilmesine olanak saglamistir. Sonugta fen bilgisi Ogretmen adaylarinin
muhakeme yeteneklerinin 6n ve son goriismelere gére anlaml bir sekilde gelistigi
bulunmusgtur. Ayrica derste uygulanan birinci ve ikinci asamadan sonra yapilan
analizlerde de, 6gretmen adaylarinin sosyobilimsel muhakemelerinin bir dénem
boyunca asamali olarak gelistigi bulunmustur. Ders igerisinde uygulanan
aktivitelerin fen bilgisi Ogretmen adaylarimin sosyobilimsel ~muhakeme
yeteneklerine katkist tartisilmistir. Program gelistiriciler ve ogretmenler icin

onerilerde bulunulmustur.

Anahtar Kelimeler: Sosyobilimsel Konular, Muhakeme, Karmasiklik, Sorgulama,

Coklu Perspektif
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CHAPTER 1

INTRODUCTION

1.1 Socioscientific Issues and Science Education

Stem cell, cloning, genetically modified foods, global warming, and nuclear power
plant are examples of issues which individuals may face in their daily lives.
Individuals make judgments and decisions about whether nuclear power plants
should be constructed, or genetically modified foods should be banned or allowed.
These issues usually results in debate including opposing ideas because there is no
consensus about them among individuals. Having different and opposing ideas
makes them controversial, dilemmatic, and open to multiple solutions. Such issues
are called as socioscientific issues (Sadler, 2004). Sadler (2004) defined
socioscientific issues (SSI) as “complex, open-ended, often contentious dilemmas,
with no definitive answers. In response to socioscientific dilemmas, valid, yet
opposing, arguments can be constructed from multiple perspectives” (p. 514).
These issues can be negotiated and resolved through informal reasoning which
“involves the generation and evaluation of positions in response to complex issues

that lack clear-cut solutions” (Sadler, 2004, p.514). Individuals should critically



evaluate these issues and make sound and informed decisions on them. They
should develop necessary skills such as analytical and evaluative reasoning skills

which enable them to analyze the impact of these issues on different stakeholders.

The number of studies focusing on decision making regarding socioscientific issues
is increasing gradually (Sadler, 2003). Students, as future citizens of a society,
should learn how to negotiate and make reasonable decisions on these issues.
Scholarly papers emphasize the teaching of science related societal issues as one of
the goals of science education for educating scientifically literate citizens
(Hofstein, Eilks, & Bybee, 2011; Lee, Chang, Choi, Kim, & Zeidler, 2012; Sadler,

Barab, & Scott, 2007; Zeidler, Sadler, Simmons, & Howes, 2005).

The recent reforms in science education underline the need for citizenship
education, so the science related societal issues which are socioscientific issues
should be addressed in science classrooms (Barrue & Albe, 2013). It means that
socioscientific issues should be considered pedagogically in science education

curricula.

The relation between science, technology and society (STS) education has gained
emphasis among science education researchers since 1970s (Zeidleret al., 2005).
Zeidler et al. (2005) argued that although theoretical and pedagogical aspects of
SSI were based on the STS education, they are different and have unique
approaches. They are conceptually related and both relate science to societal issues.

However SSI is differentiated from STS by emphasizing moral and ethical



development and development of character and virtue (Zeidler et al., 2005). Zeidler
et al. (2005) stated that SSI is not only a context for learning science but also a
pedagogical strategy having clear instructional goals. From theoretical and
pedagogical perspectives socioscientific issues have been studied by science
education researchers to explore students’ reasoning when making decisions about
them. As a new approach, SSI has been accepted as having more holistic approach

to teach controversial issues than STS approach.

In light of this, this study describes an investigation of preservice science teachers’
(PSTSs) reasoning on aspects of practice for decision-making in the context of SSI.
The detailed information about SSI, informal reasoning and socioscientific

reasoning were given in the following sections.

1.2 Theoretical Framework

In the context of science, reasoning historically referred to formal reasoning
characterized by rules of logic and mathematics (Sadler, 2004). Formal reasoning
was generally associated with well-defined problems for which individuals are
provided some premises and required to evaluate whether a given conclusion is
right or wrong (Evans & Thompson, 2004). Means and Voss (1996) argues that
when the problem is well-defined as in formal reasoning, informal reasoning
processes are not aroused since “informal reasoning assumes importance when
information is less accessible, or when the problems are more open-ended,
debatable, complex, or ill-structured, and especially when the issue requires that the

individual build an argument to support a claim” (p. 140). Formal reasoning is not



well-suited with ill-structured problems since these problems do not have clear
premises and conclusions (Shaw, 1996). Shaw (1996) emphasized that the ill-
structured problems are the ones individuals mostly face in their daily life on which
they have to make choices and decisions. Sadler (2004) stated that “just as
scientists employ informal reasoning to gain insights on the natural world, ordinary
citizens rely on informal reasoning to bring clarity to the controversial decisions
they face” (p.515). That is individuals exhibit informal reasoning when they are

asked to take positions on controversial issues.

Within SSI research, findings on students’ informal reasoning patterns are mixed
based on their considerations such as emotive, social, scientific, economic,
ecological or human-based (Patronis, Potari, & Spiliotopoulou, 1999; Sadler &
Zeidler, 2005; Wu & Tsai, 2007; Yang & Anderson, 2003). In other words,
individuals may exhibit different patterns of informal reasoning in the negotiation
and resolution of socioscientific issues. For example, Patronis et al. (1999)
described four different reasoning patterns as social, ecological, economic and
practical based on the nature of students’ arguments developed for or against to the
issue which was the design of a road in their local area. Yang and Anderson (2003)
determined two different reasoning modes as scientifically-oriented and socially-
oriented based on the kind of information students used during decision-making on
nuclear power. Sadler and Zeidler (2005) stated that informal reasoning includes
the cognitive and affective processes of negotiating and resolving SSI and

individuals rely on cognitive, affective, or both cognitive and affective processes to



formulate and support their positions. Based on this, Sadler and Zeidler (2005)
suggested three reasoning patterns as rationalistic (cognitive informal reasoning),
emotive (cognitive and affective informal reasoning), and intuitive (affective
informal reasoning) based on the students’ considerations in response to the
different genetic dilemmas. Wu’s study (2013) revealed 6 different reasoning
modes based on the nature of arguments in the context of genetically modified

food. Figure 1.1 outlines the informal reasoning patterns in the context of SSI.

[ndividuals® informal reasoning
patterns in the context of SSI

. |

Social, ecological, Scientifically- o Social-oriented, economic-
oriented and Rationalistic,

emotive and

economic, and practical oriented, science or

(Patronis, Potari, & socially-oriented Intuitive (Sadler & technology-oriented,
Spiliotopoulou, 1999 (Yang &Anderson, Zeidler, 2005) human benefit-oriented,
2003) nature or ecology-oriented,

and risk-oriented (Wu,
2013)

Figure 1.1 Different Informal Reasoning Patterns Revealed in SSI Research

Most recently another research line focus on the on the nature of SSI (i.e. being
complex, multifaceted and uncertain, lacking clear-cut solutions, requiring ongoing
research) and students’ understanding and abilities (i.e. recognizing the
complexities associated with SSI, examining SSI from multiple perspectives and,
appreciating the need for ongoing inquiry, exhibiting skepticism when presented
potentially biased information). Students are expected to use these understanding
and skills to negotiate and resolve SSI. Sadler, et al. (2007) conceptualized the

understanding and abilities about nature of SSI as “socioscientific reasoning”



(SSR) and defined it as “a theoretical construct which subsumes aspects of practice
associated with the negotiation of SSI and addresses the citizenship goal” (p. 374).
Individuals should have an adequate understanding of nature of SSI to be able to
make informed and sound decisions. Figure 1.2 presents the framework related to

the negotiation and resolution of SSI.

Negotiation and Resolution of
Socioscientific Issues (SSI)

/ AN

Requires Requires
Informal Reasoning Adequate Understanding
of Nature of SSI
Includes l
* Includes

Pérsopal experlence%, social, Recognizing complexity,

scientific, technological, examining issue from

ethical, moral, care-based multiple perspectives,

and emotional realizing the need for inquiry

considerations. to negotiate and resolve SSL

Figure 1.2 Framework Associated with the Negotiation and Resolution of SSI

Four aspects were suggested for socioscientific reasoning (Sadler et al., 2007, p.

374.). These are:

1. Recognizing the inherent complexity of SSI.
2. Examining issues from multiple perspectives.

3. Appreciating that SSI are subject to ongoing inquiry.



4. Exhibiting skepticism when presented potentially biased

information.

In a further study Sadler, Klosterman, and Topcu, (2011) reconceptualized
perspectives and skepticism aspects and treated them as one aspect under the
dimension of perspectives. In this study, socioscientific reasoning was studied

including three aspects which are complexity, inquiry, and perspectives.

“Complexity” is associated with the nature of SSI. Zeidler and Sadler (2011) stated
that SSI is complex by definition. Socioscientific issues are ill-structured problems
and have no clear-cut single solutions (Sadler, 2004). They are open to multiple
solutions based on different ideas and views about them. It was emphasized that
individuals recognizing the complexity associated with the SSI can demonstrate
sophisticated practice with respect to complexity and they are able to make more
informed, sound, and evidence-based decisions when compared to the individuals

who cannot realize the complexity and suggest single and simple solutions.

“Perspectives” as an aspect of socioscientific reasoning refers to the negotiation of
socioscientific issues from different perspectives (Zeidler & Sadler, 2011). Zeidler
and Sadler (2011) expressed that socioscientific issues include dilemmas in which
conflicting ideas, views, and values compete to be prioritized. Individuals hold
different interests, ideas, priorities and biases (Sadler et al., 2007). People having
different perspectives were expected to discuss SSI differently and to reach

different solutions. Individuals who can examine SSI from different perspectives



can display more sophisticated reasoning on SSI and make informed decisions as
compared to the individuals who concentrate on single perspective in resolving

SSI.

“Inquiry” aspect of SSR was conceptualized based on the uncertain nature of SSI
(Sadler et al., 2007). Sadler et al. (2007) emphasized that SSI are ill-structured
problems subject to ongoing investigation. These issues include undetermined
information which is explored through further research during their negotiation.
The information at hand may not be sufficient or may be biased. Therefore
thoughtful negotiation of SSI requires ongoing inquiry to make evidence-based
decisions. Individuals who appreciate that SSI is subject to ongoing inquiry may
present more sophisticated reasoning in SSI discussions by requiring additional

information to answer the possible questions related to SSI.

It is important for individuals to develop sophisticated socioscientific reasoning,
understanding and skills with respect to complexity, inquiry, and perspectives.
Reasoning skills represent mental processes such as classifying, predicting,
comparing, analyzing, evaluating, drawing conclusions and inferences (Stiggins,
Arter, Chappuis, & Chappuis, 2004) to be able to evaluate knowledge, information
and opposing positions on social and scientific issues. Stiggins et al. (2004)
identified six different reasoning patterns which students should master. These are
analytical reasoning, synthesis, comparative reasoning, classifying, inductive
reasoning, deductive reasoning and evaluative reasoning. Analytical and evaluative

reasoning are used for making judgments and decisions on controversial issues.



Individuals use analytical reasoning when they focus on components or parts and
investigate the relationship between them. Stiggins et al. (2004) stated that for
students to be successful in using analytical reasoning, “they must be able to
identify parts of something and then have practice at describing relationships
among those parts, or between the part and the whole” (p. 65). Evaluative
reasoning involves expressing and defending an opinion, a point of view, a
judgment, or a decision (Stiggins et al., 2004). They identified three components of
evaluative reasoning as assertion, criteria the assertion is based on, and evidence
that supports the assertion. In the case of socioscientific reasoning, both analytical
and evaluative reasoning are required for students to understand complex
(complexity aspect of SSR), multifaceted nature of SSI (multiple perspectives
aspect of SSR) and to realize the need for additional information (inquiry aspect of
SSR) to resolve those issues. When students encounter a socioscientific issue, they
should be able to determine confronting arguments for and against a specific
solution and investigate them carefully. After investigating different ideas, they
should be able to express their own assertions and provide plausible evidences.
Students should be able to examine the SSI from different perspectives, as
components of SSI, to reach an informed decision. Through analytical and
evaluative thinking processes, students may develop an adequate understanding of
the complexities and dynamics of SSI. In this study, it was expected that students
use analytical and evaluative thinking processes when they make judgments about

nuclear power plant construction. Table 1.1 summarizes the aspects of SSR and



how evaluative and analytical thinking processes were used in the context of

nuclear power plant for this study.

Table 1.1 A Summary of Socioscientific Reasoning Aspects

Aspects of Explanation Evaluative and Analytic
Socioscientific Thinking Process
Reasoning
Complexity To be able to judge the Assertion: Judging whether
complex nature of the issue, nuclear power crisis is easy
identify sources for or difficult to solve.
tcomplex?;,hp_royl(cjje eV|dtence Criteria: Identifying different
O support their judgmen sources that make the issue
complex or straightforward.
Evidence: Providing evidence
to support their point of view.
Inquiry To be able to evaluate given Assertion: Evaluating
information, recognize lack of  whether the given
information and the need for information is enough to
ongoing research to solve the  solve the nuclear power crisis
ISSUE. Criteria: Recognizing
different lines of information
that is not given but required
for the solution.
Evidence: Supporting why
that information is necessary
to solve the problem.
Multiple To be able to judge different Assertion: Judging how given
Perspectives perspectives in terms of their perspectives will react to the

point of view, provide
reasonable claims and opinions
in parallel with the given
perspective.

use of renewable energy
sources instead if nuclear
energy.

Criteria: Providing
reasonable claims for and
against nuclear power plant
construction in terms of given
perspectives

Evidence: Supporting
different perspectives’ claims
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1.3 Research Questions and Rationales

This study investigates the PSTs’ socioscientific reasoning before, during and after
a SSI-focused course. It was expected that PSTs improve their socioscientific
reasoning when they were engaged in the classroom practices about negotiation
and resolution of SSI. Two main research questions guided this study were given

below.

1.3.1 Research Question 1
Research Question 1: How does PSTs' socioscientific reasoning change in response

to participation in a SSI-focused course?

a. How do PSTs recognize the inherent complexity of socioscientific issues
before and after a SSI-focused course?

b. How do PSTs realize that SSI is subject to ongoing inquiry before and after
a SSl-focused course?

c. How do PSTs examine socioscientific issues from multiple perspectives

before and after a SSI-focused course?

Rationale for Research Question 1. As stated earlier SSR is a construct focusing on
individuals’ understanding and abilities important to negotiation and resolution of
SSI. There are few studies on SSR (Sadler, et al 2011; Sadler, Barab, & Scott,
2007; Simonneaux & Simonneaux, 2009). Sadler et al. (2007) developed SSR as a
theoretical construct and provided an assessment rubric for it. In the following

study, Sadler et al. (2011) modified SSR based on previous study and created a new
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assessment strategy which was discussed in great detail in next chapter. They
aimed to explore how students improve their SSR through a 3-week intervention on
global warming. This study also aimed to improve SSR by designing an
intervention which covers a full semester. It also advanced the assessment of SSR.
It is expected that classroom practices and experiences in a SSI-focused course may

support improvement in PSTs’ socioscientific reasoning.

1.3.2 Research Question 2
Research Question 2: How does PSTs’ socioscientific reasoning change during the

SSI-focused course?

a. How do PSTs recognize the inherent complexity of socioscientific issues
after phase 1 and 2 during a SSI-focused course?

b. How do PSTs realize that SSI is subject to ongoing inquiry after phase 1
and 2 during a SSI-focused course?

c. How do PSTs examine socioscientific issues from multiple perspectives

after phase 1 and 2 during a SSI-focused course?

Rationale for Research Question 2. The second research question intends to explore
PSTs’ development of SSR during the SSI-focused course. The classroom
applications of SSI were important because the research exploring classroom
practices in the context of SSI is not sufficient (Sadler et al.,, 2011). PSTSs’
participation in classroom activities could account for the advances in their

socioscientific reasoning.
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1.4 Definition of Terms
Socioscientific Issues (SSI): SSI is defined as open-ended, often contentious
dilemmas, with no definitive answers and informal reasoning processes were used

to solve these issues.

Socioscientific Reasoning (SSR): It is defined as aspects of practice associated with
the negotiation and resolution of SSI. It includes understanding and abilities such
as recognition of complex nature of SSI, examining SSI from multiple perspectives

and appreciating that SSI is subject to ongoing inquiry (Sadler et al., 2007).

1.5 Significance of the Study

SSI has provided a new image for science education focusing on the students’
involvement in real-life social problems based on science (Sadler & Fowler, 2006).
They stated that the science classrooms in schools should reflect the dynamics of
interaction between science and society focusing on both science aspects related to
the issues and the social aspects including, economical, political, ethical and moral
dimensions. When the science is isolated from socioscientific issues, students do
not develop necessary skills and practices and gain necessary knowledge to use in
response to the real life problems including social dilemmas (Sadler & Zeidler,
2005). As being a member of a society, they will ultimately encounter with such
conflict issues at a point in time. Therefore SSI movement in school science is an
opportunity to practice skills and knowledge to resolve real life problems. The
integration of socioscientific issues into science education was discussed by

researchers because it is vital in terms of the development of good citizens who are
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aware of scientific knowledge (Driver, Newton, & Osborne, 2000; Kolstg, 2001a).
It is clear from recent international research in science education that the
progression of scientific literacy with moral and ethical dimensions is important to
make science more relevant to the students’ everyday life (Zeidler et al., 2005).
Scientific literacy is defined as a multidimensional construct including “being able
to use scientific knowledge and ways of thinking for personal and social purposes”
(Rutherford & Ahlgren, 1990, pp. xviii). Scientifically literate individual is the one
who “use appropriate scientific processes and principles in making personal
decisions” and “engage intelligently in public discourse and debate about matters
of scientific and technological concern” (NRC, 1996, p. 13). With the international
reforms in science education, Turkey also acknowledged recent reform movements
in the new science and technology curriculum and has published it in 2005. The
vision of science and technology curriculum was stated as to educate all students as
scientifically literate individuals without considering the individual differences
(MoNE, 2005). The new curriculum proposed that scientific literacy has seven
aspects one of which emphasizes the relation between science, technology, society,
and environment. One of the characteristics of scientifically literate individuals was
stated as being able to relate science, technology, and society and to use the
knowledge, understanding, and skills gained in solving problems and making
decisions (see Appendix A for the goals of Turkish science and technology
curriculum in 2005). In 2013, the national science and technology curriculum has
undergone several revisions to integrate socioscientific issues into the science

education. One of the goals of science education was stated as “to develop habits of
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mind through the use of socioscientific issues” (MoNE, 2013) (see Appendix B for
the goals of Turkish science and technology curriculum in 2013). With this goal in
mind, the 5" grade science and technology textbook was refined. Some
socioscientific issues such as the use of food additives or the use of naphthalene as
a moth repellent at home were presented for students’ discussions. In order to
develop habits of mind such as acquiring skepticism, maintaining open-
mindedness, evoking critical thinking, recognizing multiple forms of inquiry,
searching for data-driven knowledge (Zeidler et al., 2005), students should
participate in socioscientific reasoning and decision making process. Therefore the
classroom activities should be designed to achieve this goal. In order to use SSI in
parallel with the goals of science education, science teachers should also have the

necessary pedagogical knowledge and skills.

They should be able to implement classroom activities about SSI to reach the goals
of science education. Their training in teacher education programs should also
include how to teach SSI. In light of this, this study was conducted with preservice
science teachers to develop their SSI understanding and socioscientific reasoning.
PSTs’ negotiation of SSI is not only important for their personal decisions but also
for their profession as a teacher since they will teach such topics in their future
classrooms. They can assist their students to develop scientific literacy and to be a
scientifically literate individual. Their students may be the future politicians,
businessman, engineers who have to make decisions. PSTs engagement with SSI

during their teacher education programs may provide them with necessary
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knowledge and skills to integrate SSI into science education. Therefore, they may
help their students to gain necessary knowledge and skills to make informed

decisions on science related societal issues.

This study is also significant in providing empirical evidence for the improvement
of SSR through participating in classroom discussions and activities. Most
literature focuses on different SSls as a context and informal reasoning as a way to
negotiate it (e.g. Means & Voss, 1996; Sadler & Zeidler, 2005; Shaw 1996). On the
contrary, little literature emphasizes the nature of SSI. Sadler et al. (2007)
introduced the construct “socioscientific reasoning”. It includes four dimensions
which are directly related to the nature of SSI. However there is not sufficient

evidence to claim that SSR can be improved through classroom practices.

Zeidler, Sadler, Applebaum, and Callahan (2009) also stated that there is a gap in
the literature in terms of extended SSI treatments and its effects on learning
outcomes. It was emphasized that classroom practices about SSI can enable the
development of socioscientific reasoning (Zeidler & Sadler, 2011). There is a
number of studies in the field of socioscientific inquiry in classrooms (e.g. Barab,
Sadler, Heiselt, Hickey, & Zuiker, 2007; Dolan, Nichols, & Zeidler, 2009; Pedretti,
1999; Sadler et al., 2007; Sadler et al., 2011; Sadler, Romine, Stuart, Merle-
Johnson, 2013). These studies utilized different learning environments (including
game-based curriculum, web-based inquiry environments, and issues-based
environments) to permit students to develop an understanding of socioscientific

inquiry and reasoning. This work also contributes to the research in the field of
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socioscientific inquiry in classrooms. In this study we also utilized an issue-based
approach through which preservice science teachers learned about how to negotiate
and resolve SSI. A semester-long SSI-focused course was designed for PSTs to
engage with socioscientific reasoning. The classroom practices PSTs experience in
the SSI-focused course may help them develop their socioscientific reasoning to
improve their understanding and abilities to negotiate and resolve SSI.
Socioscientific reasoning help individuals conceptualize complexities and
dynamics of socioscientific issues. Therefore, this investigation was conducted
with the intent of exploring participants’ socioscientific reasoning before, during

and after an SSI-focused course.
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CHAPTER 2

LITERATURE REVIEW

2.1 Scientific Literacy, Socioscientific Issue and Science Education

Many science educators were concerned about the decline in number of students
attending science classes in high schools and pursuing a career in science or
science-related professions (Hofstein et al., 2011; Tomas, Ritchie, & Tones, 2011;
Zeidler et al., 2005). Students do not find science as relevant to their daily lives
(Osborne, Simon, & Collins, 2003) because school science does not address the
usefulness of science in daily life (Feinstein, 2011; Jenkins & Nelson, 2005).
Feinstein stated that science in schools is not aligned with the things students deal
in their daily lives. As a result, students gradually stop being involved in science

and disenchantment with science makes them not to choose it for their future life.

Feinstein (2011) emphasized the usefulness of science primarily due to its
relevance to daily decisions. These decisions may include either individual issues
such as planning heating budget (Layton, Jenkins, MacGill, & Davey, 1993),

medication or diet (Jenkins, 1999) or societal and political issues such as global
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warming (Sadler & Klosterman, 2009), nuclear energy (Ryder, 2002), DNA and its
applications (Jenkins, 1999). By using usefulness of science education, Feinstein
(2011) is referring “to the very specific notion that science education can help
people solve personally meaningful problems in their lives, directly affect their
material and social circumstances, shape their behavior, and inform their most
significant practical and political decisions” (p.169). Therefore how useful science
is highly correlated how often you use it throughout your life. Feinstein (2011)
complains about not having enough evidence to support the argument that science
content that we learn in schools may guide us throughout our lives to be more
successful, happier, healthier, better decision makers, and better citizens. Paul
Hurd’s suggestion in 1958 supported that schools are responsible to advance
science but also they are responsible to make science useful. Hurd (1998) argued
that a large amount of students do not understand completely what is taught in
science classes and, as a result, they forget what they learn in a short time and

cannot recognize the usefulness of science.

Science education should contribute to public life and common good (Hurd, 1998).
It should aim to educate scientifically literate individuals for the society. There is
not a consensus on the definition of scientific literacy (Roberts, 2007) but it can be
concluded that there is a shift toward science for citizenship to educate
scientifically literate citizens who are aware of science, technology and their impact
on society (Aikenhead, 2002; Barrue & Albe, 2013; Davies, 2004; DeBoer, 2011;

Dimopoulos & Koulaidis, 2003; Hofstein et al., 2011; Jenkins, 1999; Levinson,
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2010; Roth & Désautels, 2004). Aikenhead (2006) proposed possible
characteristics of school science one of which is the citizenship preparation for the
everyday world. He emphasized that “this alternative everyday-life approach that
animates students’ self-identities, their future contributions to society as citizens,
and their interest in making personal utilitarian meaning of scientific and

technological knowledge” (p. 2).

Scientific literacy is a commonly stated goal for science curricula in most countries
(Aikenhead, 2002; Barrue & Albe, 2013). In 1958, Paul Hurd published his work,
“Science Literacy: Its Meaning for American Schools” which aims to emphasize
science for the curriculum including primary and secondary education. On October
4, 1957, the Soviet Union successfully launched Sputnik I, which is the world’s
first artificial satellite. Sputnik caused the paranoia and concern that the Soviets
had beaten Americans into space (Abramson, 2007). Sputnik started a new age not
only in technology but also in science education. Hurd (1958) stated that after
Sputnik, American families were concerned about whether their children were
having the education which would make them capable of dealing effectively with
the developments in science and technology. Hurd (1958) emphasized that
curriculum developers should be able to design educational programs to meet the
needs and the challenges for the future world which is highly dynamic in science
and technology. In 1958, Hurd was curious about whether the educational
programs could be designed to maintain “the delicate balance of scientific, social

and economic forces” in the future (p. 14). Why Hurd was so interested in
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educational programs is that he believed that schools are the places to advance
science and its features. Science is a keystone in solving problems related to
society, economy, and politics. “Scientific literacy is seen as a civic competency
required for rational thinking about science in relation to personal, social, political,
economic problems, and issues that one is likely to meet throughout life. The
science—technology-society movement provides a framework for inventing school
science curricula relevant to the life of every student” (Hurd, 1998, p. 410). The
reason why science policy makers are so concerned about science related societal
dilemmas is vastly connected to the fact that “students need to realize that science
is changing rapidly, not only in its research techniques and organizational
structures but also in its relationships with society at large” (Ziman, 2001, p.165).
Ziman (2001) further emphasized that “students need to learn about the practices,
institutions, career choices, and societal responsibilities of research scientists, and
to rehearse in advance some of the moral dilemmas that they are likely to meet”
(p.165). Therefore socioscientific issues empowering students to realize the relation
between science, technology and society including ethical and moral issues should

be placed in science education.

Hurd (1998) mentions how technology shaped science and guided projects in
astronomy, biology. Even technology is used with science like “sci-tech” and
“technoscience” (Hurd, 1998, p. 409). Therefore it is inevitable that technology
will continue to develop by means of science and, in turn, technology will lead to

new projects in science. Society is not a monolith and it can derive benefits from
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these developments in science and technology. The science-technology-society
movement explains the dynamic interaction between these agents. This dynamic
interaction may cause some debates between them. Developments in technology
and science may not always be accepted all individuals in a society and different
perspectives are inevitable within it. Such developments result in socioscientific
issues such as stem cell, cloning, or genetically modified food for which
individuals hold different views. The term “socioscientific issue” refers to the
social controversial issues consisting of opposing opinions neither of which are
exactly acceptable. SSI was considered as a pedagogical strategy to equip students
with knowledge and ability for decision-making process on these issues through
social interaction and discourse (Zeidler et al., 2005). The required knowledge to
make informed decisions is the understanding of the relation between science,
technology and society including moral and ethical awareness (Zeidler et al., 2005).
Moreover the abilities such as reasoning, evaluating, analyzing and drawing
conclusions are required to make rational and informed decisions about SSls. SSls
are usually ill-structured in nature, debatable, and argumentative and require a
degree of moral reasoning and reflection of multiple perspectives and diverse
values in the process of decision-making (Lee et al., 2012). Socioscientific issues
indicates complex, ill-structured problems including a degree of uncertainty in
scientific evidence and multiplicity of point of views (Colucci-Gray, Camino,
Barbiero, & Gray, 2006). Colucci-Gray et al. (2006) emphasized that “complexity

and multiplicity of points of views are putting communities in the condition of
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having to undertake complex decisional processes, where “experts” have

conflicting views” (p. 232).

Ratcliffe and Grace (2003) described the nature of socioscientific issues as

e Have a basis in science, frequently that at the frontiers of scientific
knowledge;

¢ Involve forming opinions, making choices at personal and societal level;

e Are frequently media-reported, with attendant issues of presentation based
on the purposes of the communicator;

e Deal with incomplete information because of conflicting/incomplete
scientific evidence, and inevitably incomplete reporting;

e Address local, national and global dimensions with attendant political and
societal frameworks;

¢ Involves some cost-benefit analysis in which risk interacts with values;

e May involve consideration of sustainable development;

e Involves values and ethical reasoning;

e May require some understanding of probability and risk;

e Are frequently topical with a transient life (p.2)

The attempts to integrate the socioscientific issues into science curriculum aim to
make science classrooms more representative of the society. Yager (1996) stated
that science, technology and society relations have appeared since early 1980’s.

Current conceptualizations of socioscientific curriculum put forward the difference
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between socioscientific approach and other approaches such as the science—
technology—society (STS) approach (Sadler, 2004). “The science—technology—
society (STS) movement provides a framework for inventing school science
curricula relevant to the life of every student” (Hurd, 1998, p. 410). STS education
and socioscientific issues are different in nature. STS covers science-technology
and society as separate or non-related issues independent of each other (Pedretti &
Hodson, 1995) while SSI approach tries to encourage students to deal with
scientific but dilemmatic issues which influence the societies (Kolste, 2001a).
Moreover, Zeidler et al. (2005) emphasized that STS primarily emphasizes the
influence of science and technology on society. However it does not consider the
moral and ethical dimensions of the issues which may affect the way individuals
take a position toward the issue. On the other hand socioscientific issue approach
based on a conceptual framework that combines the socioscientific issues with the
individuals’ moral development and epistemological tendencies. Moreover the
importance of emotions and character in science education are considered within

the socioscientific issue approach. (Sadler, 2004; Zeidler & Keefer, 2003).

Millar and Osborne (1998) underlined that science education should prepare
individuals for “a full and satisfying life in the world of the 21st century” (p.2012).

They stated that science education should:

e sustain and develop the curiosity of young people about the natural world
around them, and build up their confidence in their ability to inquire into its

behaviour. It should seek to foster a sense of wonder, enthusiasm and
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interest in science so that young people feel confident and competent to
engage with scientific and technical matters.

e help young people acquire a broad, general understanding of the important
ideas and explanatory frameworks of science, and of the procedures of
scientific inquiry, which have had a major impact on our material
environment and on our culture in general, so that they can:

o appreciate why these ideas are valued,

o appreciate the underlying rationale for decisions (for example about
diet, or medical treatment, or energy use) which they may wish, or
be advised, to take in everyday contexts, both now and in later life;

o be able to understand, and respond critically to, media reports of
issues with a science component;

o feel empowered to hold and express a personal point of view on
issues with a science component which enter the arena of public
debate, and perhaps to become actively involved in some of these;

o acquire further knowledge when required, either for interest or for

vocational purposes. (p.2012)

Due to the fact that scientifically literate citizens are necessary in such a world that
is continually improving in technology and scientific knowledge (Kolstg, 2001a),
science curriculums should focus on SSI more than before. Students should
practice such classroom activities including socioscientific issues to be prepared for

the future life. They should engage with in-class activities which forces them to
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think critically, form arguments and find logical and reasonable solutions to the
problems that are similar to the ones in real life. Since teachers will guide them
during those activities, teachers also should be aware of socioscientific issues.
Science teachers should be equipped with necessary knowledge and skills to be
able to incorporate these issues into their science curricula (Tomas et al., 2011)
since there is a widespread concern that these issues are not included in science
classrooms due to lack of pedagogical knowledge and skills (Hofstein et al., 2011,

Saunders & Rennie, 2013).

The related literature shows that most of the studies in socioscientific issues

focused on informal reasoning to negotiate and resolve these issues.

2.2 Informal Reasoning in the Context of Socioscientific Issues

Kuhn (1993) emphasizes that socioscientific issues requires the use of informal
reasoning rather than formal reasoning since they are complex, open ended, and
often embrace debatable problems which do not have fixed solutions. Informal
reasoning is well-suited with the kinds of dilemmas which students encounter in

real life.

Informal reasoning has an important role in scientific inquiry. Kuhn (1970) stated
that science does not depend entirely on formal modes of reasoning. Tweney
(1991) states that formal reasoning is considered the canons of scientific inquiry
however Means & Voss (1996) argued that it is not appropriate for resolving issues

which are ill-defined, complex and do not have single solution. Perkins, Farady,
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and Bushey (1991) emphasized that informal reasoning are flexible compared to
formal reasoning. When further information is obtained, individuals may change
their premises in parallel with the new information and whatever they conclude is
not obvious that is it may change depending on the premises, in turn, on the new
information. It can be concluded that individuals create and assess their own
viewpoints to resolve socioscientific issues. Means and Voss (1996) described
informal reasoning as “Informal reasoning assumes importance when information
is less accessible, or when the problems are more open-ended, debatable, complex,
or ill-structured, and especially when the issue requires that the individual build an
argument to support a claim” (p.140). Sadler (2003) also defined informal
reasoning as cognitive and affective processes involved in the negotiation of
complex issues and formation or adoption of a position. There exist different
representations of informal reasoning in the SSI literature. Individuals’
interpretation of data and evaluation of information results in different informal
reasoning representations. Patronis et al. (1999) examined the nature of students’
arguments about construction of a road close to their school. Students’ thinking
processes displayed during interviews or in-class activities revealed that there are
arguments differing in nature. The concerns or factors which shaped students’
decisions for the road construction resulted in different type of arguments. Patronis
et al. (1999) identified and categorized these arguments as social, ecological,
economic and practical. They stated that these arguments were an expression of
either students’ personal values or most widely accepted social values. Another

representation of informal reasoning was proposed by Yang and Anderson (2003)
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investigated secondary school students’ reasoning modes as associated with their
preferred type of information in the context of nuclear energy usage. The analysis
of students’ verbal reasoning yielded two types of reasoning modes which are
scientifically-oriented and socially-oriented. The authors stated that scientifically-
oriented students rely on scientific information more than personal ideas while
socially-oriented students consider personal opinions, beliefs and values more than
scientific information during their thinking process. Sadler and Zeidler (2005)
described informal reasoning patterns in a different way. Their classification was
based on the cognitive and affective processes. Sadler and Zeidler (2005) stated
that individuals have tendencies such as dependence upon personal experiences,
emotions, social considerations or moral issues and these tendencies contribute to
the individuals’ reasoning and thinking patterns. They studied with college students
in the context of genetics related dilemmas. Sadler and Zeidler (2005) explored
three informal reasoning patterns as rationalistic, intuitive and emotive. Individuals
who back up their positions with reason and logic show rationalistic informal
reasoning while individuals who rely on immediate feelings display intuitive
informal reasoning pattern. Individuals exhibiting emotive informal reasoning
rationalize their positions based on a sense of care, emotions and empathy. Wu and
Tsai (2007) examined the grade ten students’ informal reasoning in the context of
nuclear energy. They represented students’ informal reasoning based on the
research of Means and Voss (1996), Patronis et al. (1999), Sadler and Zeidler
(2005) and Yang and Anderson (2003). They identified students’ decision-making

modes as intuitive and evidence-based. Then they explored students’ reasoning
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modes as an indicator of their perspectives on the issue. They classified reasoning
modes based on the considerations which students rely on. These modes were
social-oriented, ecological-oriented, economic-oriented, science-oriented, and

technology-oriented.

2.3 Socioscientific Reasoning

2.3.1 The Invariant Features of SSI

As briefly mentioned in Introduction, SSR serves as a tool for researchers to
practically measure and to evaluate the practices in which students participate in
learning environments where they focus on SSI. SSR involves understanding and
abilities about the invariant features of SSI. These features were complexity,
inquiry, and perspectives. These features are implicitly or explicitly pointed out in
studies of SSI (Barab, Sadler, Heiselt, Hickey, & Zuiker, 2007; Bingle & Gaskell,
1994; Chinn & Brewer, 1993; Erduran, Simon, & Osborne, 2004; Gallagher &
Appenzeller, 1999; Gardner & Jones, 2011; Hogan, 2002; Kolste, 2001a; Kolstg,
2001b; Kortland, 1996; Pedretti, 1999; Sadler & Donnelly, 2006; Sadler & Zeidler,
2005; Zeidler, 1997; Zeidler et al., 2005; Zeidler, Walker, Ackett, & Simmons,

2002; Zohar & Nemet, 2002). The literature related to them was provided below.

2.3.1.1 The complexity of SSI

Sadler et al. (2007) emphasized that SSI practices should be oriented in a way that
advances individuals’ conceptualization of SSI in terms of its nature of complexity
and their understanding that solving SSI includes investigating multiple ideas,

perspectives and interest. Furthermore, they bring attention to the concern that SSI
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should not be simplified to be solved on a single aspect, on the contrary, “more
sophisticated socioscientific reasoning would involve recognizing multiple,

dynamic interactions within SSI which preclude simple, linear solutions” (p. 375).

How individuals reason about ill-structured problems constitutes the main idea
supposed by Reflective judgment Model (Hofer & Pintrich, 1997; King &
Kitchener, 1994). The reflective stages refers to a stage of epistemological beliefs
in which people acknowledge that evidence and knowledge derive from different
and various sources and they are able to analyze probable claims of debatable
evidence (Zeidler et al., 2009). Reflective Judgment Model is in congruence with
socioscientific reasoning apart from the fact that it has a developmental perspective
while socioscientific reasoning does not ( Zeidler et al., 2009). People are engaged
in different sources of knowledge and evidence during the negotiation of SSI and
they assess their possibility and plausibility. It is possible that they may not
recognize the complex nature of SSI. It is also possible that they may provide

different sources for complexity and defend them.

The scholarly papers focusing on SSI has either stated the complex nature of SSI or
found it as a component of reasoning about SSI (Barab et al., 2007; Bingle &
Gaskell, 1994; Gallagher & Appenzeller, 1999; Hogan, 2002; Kolste, 2001a; Lee et
al., 2012; Pedretti, 1999; Sadler & Zeidler, 2005; Sadler & Donnelly, 2006; Yang
& Anderson, 2003; Zeidler, 1997). Latour (1987) proposed two forms of scientific
knowledge as “ready-made science” and “science-in-the-making”. First one refers

that scientific knowledge is considered as the facts about nature which are not
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controversial and independent of context that leads to its development while the
second one is the science that is constructed in social context; includes scientific
claims not facts which are open to negotiation and can be revised. “Ready-made-
science” describes the science in textbook and considered as the content of the
school science (Kolste, 2001a). This implies the consensus between textbook
science and frontier science which refers to the smooth harmony between them.
However “science-in-the-making” is the science in which the end product is not the
end of the process and consensus is not reached about it, thus, it is open to
challenges and revisions. “Science-in-the-making” is the science that is presented
and negotiated in conferences, journals or in debates between the researchers
(Kolsta, 2001a). It was informed that there is no clear cut border between “science-
in-the-making” and “ready-made-science”. Kolste (2001a) discusses a region
between them in which there is competition, collaboration, review, debate or
temporary consensus among scientists which results in knowledge claims that gain
or lose confidence. Kolste (2001a) stated that “science-in-the-making” is associated
with the socioscientific issues which citizens face in their daily lives. These issues
do not have consensus among scientists concerning factual aspects and this may

answer the reasons why they continue to be an issue (Kolsta, 2001a).

Kardash and Scholes (1996) studied the influence of people’s beliefs about
certainty of knowledge and about a controversial issue, which is AIDS, on their
interpretation of debatable information. The participants were seventy-eight female

and 18 male undergraduates enrolled in introductory educational psychology
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course. They found that believing uncertain nature of knowledge and having less
strong prior beliefs about AIDS lead to writing more tentative, inconclusive and
mixed evidence used conclusions. Kardash and Scholes (1996) suggested that the
researchers should aim “to help students develop an appreciation that not all
problems have a single right answer, although some do; that as science progresses,
some of what we once held as true also changes; and that what on the surface
appears to be dialectically opposing viewpoints may, in some cases, be synthesized
into a new framework™ (p. 270). Students reported tentative conclusions about HIV
and AIDS which leaded to interpretation of the complex nature of social and

scientific issues.

Bingle and Gaskell (1999) explored two ways of examining scientific knowledge
as positivist and social-constructivist position in the context of sterilizing Galileo
spacecraft in order to prevent contamination of Jupiter’s natural environment.
There published articles which protested NASA’s Galileo project and suggested to
sterilize Galileo’s atmospheric probe and parachute to avoid microorganisms enter
the atmosphere of Jupiter and change its natural environment (Strand, 1984a,
1984b). They stressed the complex nature of issues in real world and the necessity

of multiple perspectives while dealing with them.

Gallagher and Appenzeller (1999) mentioned about oversimplification of the
systems in universe among the different disciplines of science and Hogan (2002)
argued the deterministic view of the universe which resulted in simple and linear

cause-and-effect relationships which should be shifted to a more complex view of
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disciplines. Ecologists were considered as the first scientists that acknowledge the
complexity of their disciplines and this resulted in how the complex view of
disciplines has brought different subject areas together such as mathematics,
engineering, computer science (Gallagher & Appenzeller, 1999). The results of this
complex view can be seen in making computer simulations of complex systems to

be able to study their components.

Hogan's (2002) idea for her study was to investigate the nature and content of
students' dialogue about an invasive aquatic species based on the aim that is to
prepare students as informed citizens who can actively participate in decision
making process about issues which directly affects their lives. She pursued the
interest for the Science-Technology-Society education to achieve the goal of
science education to educate students as scientifically literate citizens. Hogan
believed that the societal aspect of science education can be made more noticeable
by convening students and public in science related projects such as environmental
ones. Through gathering in these projects, different minds meet to collect and
analyze data, negotiate on findings and prepare a report or message to be relayed to
the decision makers. Gathering different views results in a more comprehensive
and integrative discussions to solve the issues. Citizens tackle many socioscientific
issues throughout their whole lives, however they do not have the chance to be
involved in discussions about them physically and mentally (Hogan, 2002). Science
education integrated with environmental education can be a solution for students to

gain and practice knowledge and skills about environmental decision making.
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Hodson (1994) claimed that science education should encounter concerns related to
economical, educational, socio-political and environmental and give emphasis to
"personalization of learning and politicization of science education. Personalization
is considered essential because the transformation of society, on which the solution
of current environmental crises depends, can only be achieved by individuals who
are critically literate, politicized, confident and assertive. Acquiring the range and
depth of knowledge, skills and values necessarily requires that the curriculum
focuses very directly on the understanding and experiences of individual learners”
(p.75). Hodson considered three elements for environmental education which is
education about the environment, education in and through the environment, and
education for the environment. Education about the environment refers to the
attainment of necessary knowledge and skills, education in and through
environment refers to studying in the environment as a field work, education for
environment means developing value and attitude for environmental awareness and
protection (Hodson, 1994). Hogan believes that education in and through
environment is the only one approach to environmental education whereas the
others are acting as complement to it. That is studying environment requires not
only knowledge and skills to be able to collect, analyze and interpret data related to
problems based on personal values and opinions but also field work to gain

experience.

Hogan reported key features of ecological system which emphasize the complex

connection between the elements of it and dynamic nature of systems. Direct-
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indirect and hidden-observable connections can take place within ecosystems and
ecosystems are subject to change and evolution to reach a static equilibrium which
is the ideal one but never achieved. It was emphasized that the nature of
ecosystems should not be neglected by decision makers, environmental policy
managers which somehow determine the change within ecosystem. The relation
between complexity and uncertainty was described as the more complex is a
system; the less certain it is to be able to predict the results. Therefore Hogan
strongly emphasizes that decision makers and citizens should know about
ecosystems to be able to make informed decisions on science and society related
environmental issues. Since ecosystems are complex and uncertain, they should be
able predict possible outcomes of their decisions and step in to make necessary
changes. The result of Hogan's study was crucial in terms of SSR and its aspects.
The key features (mentioned before) that she used was in congruence with SSR
aspects. She does not refer to specifically complexity, inquiry, and perspectives
however what she found and how she interpreted the findings were in alignment
with them. The group of students in her study showed differences across groups,
although there was consistency within groups. The most notable reasoning patterns
across groups were associated with focusing on only ecological dimension,
integrated reasoning about the complexity of systems, focusing on values and
including uncertainty into reasoning. This study revealed that four groups out of 8
used more information than they are given to produce their own interpretations,
conclusions and recommendations about the ecological issue. One group mostly

supported their discussions from different factors including engineering and
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economy with a variety of management strategies. One group focused on biocentric
and anthropocentric values. The group focusing on uncertainty in their reasoning
concluded that they do not know enough about the results of the invasive species
on already existing species and they need more research before a decision. This
supports that inquiry (i.e. requiring more information) is a part of reasoning about
SSI. Students reflected on their group discussions and these reflections were useful
in their appreciation of complex nature of involving in socioscientific issues

decision making process in social environment.

Barab et al. (2007) used a virtual environment (that is Quest Atlantis) which
included both real-world and simulated, socially and academically meaningful
activities around a socio-scientific issue which is related to aquatic habitat.
Students did not only learn some scientific concepts such as erosion,
eutrophication, water quality; they also developed some skills such as graphing,
hypothesis generation, water quality analysis, socio-scientific reasoning, and
scientific inquiry. This study also aimed to raise students' environmental
awareness. Authors added that "students were expected to develop an appreciation
for the complexities involved in scientific decision making, having to balance

ethical, economic, political, and scientific factors™ (p.62).

2.3.1.2 Multiple Perspectives
Latour’s (1987) argument about the two forms of scientific knowledge showed that
the transition between “science-in-the making” and “ready-made-science” results in

arguments, debates, controversies, and competing claims to be the winner. Facts
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are not facts yet considered as claims and do not exist longer with the addition of
new claims (Bingle & Gaskell, 1999). Bingle and Gaskell (1999) stated that "When
uncertain knowledge associated with science-in-the-making is a part of a social
issue, a socioscientific dispute results because there is no consensus as to the
scientific facts" (p.187). Different ideas, interests, perspectives, personal
experiences among scientists play a significant role in "science-in-the-making".
And since this is associated with SSI, those differences among stakeholders,
referring to multiple perspectives, take also part in negotiation of SSI.
“Perspectives” is related to the people’s interests, ideas, priorities and biases
(Sadler et al., 2007). People having different perspectives were expected to discuss
SSI differently and to reach different decisions. Sadler et al. (2007) suggest that
“no single perspective is necessarily privileged but it should not be assumed that all
perspectives are equally defensible” (p. 376). SSI discussions should include
diverse perspectives such as economical, societal, environmental and political.
Some of these perspectives might be prioritized in SSI discussions based on the
nature of the issue. The important point here is that individuals should be aware of
other perspectives rather than their own perspectives and these perspectives may

not be consistent with their views.

When Kardash and Scholes (1996) examined the relation between beliefs about
nature of knowledge and writing conclusions about AIDS, they found that mixed

evidence from different perspectives were used in students’ writings leading to
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inconclusive conclusions. They emphasized the role of multiple perspectives in

such issues.

It was emphasized before that Reflective Judgment Model and SSI has some
common points. Zeidler et al. (2009) outlined that they both include ill-structured
problems and issues, necessitates a variety of opinions or positions and ability to
interpret them. They both do not require only opinions and positions but also
evidence to buttress them. Therein, reflective judgment model is in parallel with
SSR not only for the appreciation of complexity of SSI but also recognizing
multiple perspectives when negotiating SSI. Dealing with ethical, economic,
political, and scientific aspects of SSI and balancing them in solving the problems
is an important part of SSR. The participants in this study had some difficult times
during the discussions of NPP. For example, some participants refused NPP since it
has negative results on ecological system and aquatic habitat. However when they
were presented the positive sides of NPP in terms of economy and job
opportunities for the local people, they were struggled and recognized that the
better solution from one perspective cannot be better from other perspective and the
issue, then, becomes more difficult to make a decision, as supported by the study of

Barab et al. (2007).

Zeidler et al. (2002) also reported some implications on behalf of the multiple
perspectives aspect of SSR. They investigated the relationships between students’
views of the nature of science and their reactions to evidence for socioscientific

issues. Zeidler et al. (2002) suggested that students may be better at making
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decisions which are both reasonable and scientific on SSI when multiple
perspectives are integrated with their own mental processes. The teaching strategies
that include multiple perspectives should take a part in discussing SSI for achieving

the goal of science education.

2.3.1.3 Inquiry

Sadler et al. (2007) stated that “the inquiry dimension of socioscientific reasoning
references the fact that SSI are ill-structured problems subject to ongoing
investigation. SSI are situated in the real world, and their underlying premises,
conditions and other potentially significant information may not always be

determined or known” (p. 376).

Hogan (2002) claimed that students' reasoning in making decision about an
environmental issue differed from the one of experts in such a way that the former
was less integrative to reflect on the complex environmental issues because
students are, like most people in society, not experts in environmental issues. This
fact challenges them to analyze, interpret, and reflect on the given information to
make a decision of recommendation. Hogan’s study, which is making
environmental decision for control of an invasive aquatic species with given
ecological and environmental information, showed that decision making in such
environmental issues which are related to society and science requires examining
and thinking about scientific or other pertinent information. Careful analysis of
information at hand and the necessity of further information in resolving the issue

is a basis of SSI. Hogan recommended that "students should be taught to approach
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environmental problems through asking a set of key questions that require
integrating a number of concepts and reasoning skills to answer™ (p. 364). It was
stated that students like most citizens may not have the answer to all questions
related to the problems so they should be encouraged to ask scientists, experts to
gather the information they need to form reasoned opinions. This specifies the need
for additional information to be able to present informed arguments and solutions

as inquiry dimension of SSR implies.

2.3.2 Establishing Socio-scientific Reasoning
This section provides information how SSR was conceptualized and established as

a result of the study conducted by Sadler et al. in 2007.

Socio-scientific reasoning (SSR) aims to describe the practices which individuals
experience when they negotiate SSI. “That is, socio-scientific reasoning was
developed as a means of understanding student practices relative to the invariant
features of SSI” (Sadler et al., 2011). Informal reasoning “involves reasoning about
causes and consequences and about advantages and disadvantages, or pros and
cons, of particular propositions or decision alternatives. It underlies attitudes and
opinions, involves ill-structured problems that have no definite solution, and often
involves inductive (rather than deductive) reasoning problems” (Zohar & Nemet,
2002, p. 38). Socioscientific reasoning (SSR) also involves individuals’ reasoning
on SSI with a focus on its nature of complexity, requiring ongoing inquiry (inquiry
referring to doing research and gathering more information), and evaluating

different views, ideas, thoughts. Individuals engage in a reasoning process through
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which they think on causes, costs, different claims, justifications and reactions,
advantages and disadvantages, different kind of information to solve complex, ill-
structured time and effort requiring issues. SSR is developed as a construct that
based on previous studies focusing on decision making on socioscientific issue.
Sadler et al. (2007) operationalized SSR and constructed a framework to analyze it.
They interviewed with twenty-four middle school students who participated in a
ten day unit focused on SSI, water quality dilemma and its factors, in a virtual
world. Two scenarios were used; one was related to water quality and pollution
(Branville scenario) that was a close context to students’ experiences in classroom
and the other one was related to energy production and pollution (Triveca
scenario). All students were interviewed using these scenarios and the interview
data was investigated to develop the rubric which included four aspects of SSR
(i.e., complexity, perspectives, inquiry, and skepticism) with four levels for each
aspect. The developed rubric was used to score the interview data and yielded a
high inter-rater consistency. Different rubric was developed for skepticism aspect
of SSR for two scenarios due to the differences in context which were warranted by
the data. The rubric for rubric complexity, perspectives, inquiry was given in Table

2.1 and the rubric for skepticism was given in Table 2.2.
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Table 2.1 Rubric for the Complexity, Perspectives, and Inquiry Aspects of
Socioscientific Reasoning

Levels

Complexity

Perspectives

Inquiry

1

Offers a very simplistic or
illogical solution without
considering multiple factors

Considers pros and cons but
ultimately frames the issue as
being relatively simple with a

single solution
Construes the issue as

relatively complex primarily

because of a lack of
information. Potential

solution tends to be tentative

or inquiry-based.

Perceives general complexity
of the issue based on different
stakeholder, interests, &
opinions. Potential solutions
are tentative or inquiry-based.

Fails to carefully
examine the issue.

Assesses the issue
from a single
perspective.

Can examine a
unique
perspective when
asked to do so.

Assesses the issue
from multiple
perspectives.

Fails to recognize
the need for inquiry.

Presents vague
suggestions for
inquiry.

Suggests a plan for
inquiry focused on
the collection of
scientific OR social
data.

Suggests a plan for
inquiry focused on
the collection of
scientific AND
social data.

Table 2.2 Rubric for the Skepticism Aspect of Socioscientific Reasoning

Levels

Branville Scenario

Triveca Scenario

1

Denies differences among

stakeholder positions.

Ascribes differences in stakeholder
positions to differences in

information.

Ascribes differences in stakeholder
positions to a desire to avoid blame.

Recognizes conflicting interests and
purposes among various

stakeholders.

Declares no differences among

stakeholders.

Suggests that differences likely

exist among stakeholders.

Describes differences among
stakeholders.

Describe differences and discusses

the significance of conflicting

interests.
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The levels for complexity aspect ranged from Level 1 which assesses students’
perceptions of the issue as very straightforward and unproblematic to Level 4
which assesses students’ perception of the complexity in relation to the contending
ideas of the different stakeholders. The levels for inquiry aspect ranged from Level
1 which assesses students’ failure the recognition of the need for additional
information to Level 4 which assesses students’ recognition of additional data
referring to scientific and social. Perspectives aspect of SSR has also 4 levels. The
lowest level assesses that the students cannot examine the issue from multiple
perspectives whereas the highest one assesses that students can examine from
multiple perspectives. The skepticism aspect was measured with two different

rubrics as mentioned before (see Table 2.2).

The reliability analyses were conducted to find out the relationships among the
SSR aspects within each scenario and between scenarios. As a result of this, it was
found that complexity and inquiry aspects are reliable with reliability coefficients
as .76 and .73 respectively. On the other hand perspectives and skepticism aspects
did not show so high reliability with reliability coefficients as .42 and .37
respectively. Although the perspectives aspect has low reliability, Sadler et al.
(2007) believed that it is theoretically significant and requires further research on it.
The low reliability for skepticism was interpreted in terms of the contextual
differences and it was claimed that skepticism may be irrelevant to the other

aspects of SSR. Sadler et al. (2007) suggested that further studies were also
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required for skepticism to be included as an aspect of SSR and to analyze it

effectively.

2.3.3 Exploring Further SSR and its Aspects
This section provides information about study conducted by Sadler et al. (2011) to

explore further SSR and its aspects.

In a second study conducted by Sadler et al. (2011), skepticism aspect was found to
be interrelated to perspectives aspect. Thus skepticism and perspectives aspects
were unified and treated as one aspect. In this study SSR was also investigated in
terms of three aspects (i.e., complexity, perspectives, inquiry). Therefore two
rubrics (breadth and depth rubrics) used and developed in this study do not include

skepticism aspect. They will be explained in detail in next chapter.

Sadler et al. (2011) underlined that early research on SSI explores students’
informal and moral reasoning, argumentation skills, nature of science
understandings, science content knowledge but does not specifically explore
students’ experiences and practices related to how they discuss and make decision
about SSI in learning environments in or out of school classroom environment.
Therefore they felt the need of research in this way and focused classroom based
research about SSI. Through technology based learning environment, students were
enabled to engage in activities for different educational goals including enhancing

science learning, conceptualization of SSI, and practices related to features of SSI

44



(i.e. SSR). They intended to explore SSR more to make it a more useful and

measurable construct.

This study was also critical in terms of curriculum material development for SSI
and the implementation of these materials since lack of material can be a barrier for
teachers to integrate SSI into their science curricula. Moreover the observation of
how teachers implement these materials provided the researchers to see the
differences between ‘“the intended curriculum” and “the enacted curriculum”
(Sadler et al., 2011, p. 47). This enables researchers to interpret those differences
and to make the necessary changes so that the intended curriculum becomes more

implementable.

The classroom materials were developed on global warming through collaborations
with teachers. It was a 3-week unit, 15 classrooms hours in total, including
assessment. The target population was high school students. The science
classrooms in two high schools were involved in the study. The teacher involved in
this study in one of high schools taught environmental science, anatomy, and
physiology whereas the other teacher taught regular chemistry. The aim of the
curriculum was to make students aware of science content underlying global
warming, to understand global warming with its causes and consequences, to
develop scientific practices and science process skills, to develop personal opinion
and values based on scientific content and practices and students’ own
perspectives, to improve students’ SSR so that they are able to use SSR in other

contexts. Students first engaged in global warming as reported in media and then
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they focused on the related science content. Students were pre and post-tested on

science content knowledge and SSR.

When Sadler et al. (2007) first introduced SSR as a construct and its assessment
rubric, there were some problems related to the perspectives and skepticism
aspects. Although complexity and inquiry were proven as a reliable and stable
measure across contexts and related to a common latent variable (SSR),
perspectives and skepticism were not in the same alignment. Therefore, in the
second study the latter two aspects were further investigated to establish them as
reliable and stable measures. Perspectives and skepticism aspects were
reconceptualized and treated as a single aspect including premises from both
aspects that were originally developed. The results with new three aspects yielded
that there is not relationship between aspects so they were investigated as single
variables. The interview protocol in previous study (Sadler et al., 2007) were
redesigned to meet the changes in aspects and developed as an open-ended
questionnaire, the Socio-scientific Issues Questionnaire (SSIQ), to be able to apply
to large group of students to explore its reliability and validity. Although
underlying idea and thought were the same as the original version, this version of
protocol included forced-choice and open-ended questions for students to
comprehend and to respond. In conclusion, SSIQ included description of a socio-
scientific issue, its diagram and related questions. Based on the new version of SSR

and SSIQ, new rubrics developed for three aspects (i.e. complexity, inquiry, and
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perspectives). The one for inquiry aspect was given as an example in Table 2.3.

The others are developed in the same manner.

Table 2.31 Scoring Rubric for the Inquiry Aspect of Socioscientific Reasoning

Level Description

0  Suggests that additional inquiry is not necessary.

1 Suggests that additional inquiry is necessary but does not identify a specific
line of inquiry.

2  Suggests that additional inquiry is necessary and identifies one specific line
of inquiry.

3 Suggests that additional inquiry is necessary and identifies two specific
lines of inquiry.

4 Suggests that additional inquiry is necessary and identifies three or more
specific lines of inquiry.

One of the rubrics to evaluate complexity, inquiry, and perspectives aspects of SSR
used for this study was adapted from Sadler et al. (2011). The data analysis with
this rubric led to the development of a second rubric. The two rubrics used in this

study for each aspect were given and explained more in the next chapter.

2.4 Research on SSI Interventions in Classrooms
This section will provide a review of the studies focused on the of socioscientific

curricular interventions.

Unlike the literature reporting the necessity of science related social issues to
improve scientific literacy, the design, implementation and effects of the SSI

interventions in classrooms were not advanced sufficiently (Sadler et al., 2007).
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The literature review showed that SSl-based classroom implementations mostly
focused on learning outcomes such as students’ science content knowledge gains
(Barab et al., 2007; Klosterman & Sadler, 2010; Venville & Dawson, 2010), nature
of science conceptions (Eastwood, Sadler, Zeidler, Lewis, Amiri, & Applebaum,
2012; Khishfe, 2012; Khishfe, 2013; Khishfe & Lederman, 2006), argumentation
skills (Foong & Daniel, 2013; Khishfe, 2013; Lin & Mintzes, 2010; Osborne,
Erduran, & Simon, 2004; Patronis, et al., 1999; Venville & Dawson, 2010; Zohar
& Nemet, 2002). The studies cited utilized an intervention and investigated its
effects on specified outcomes. There are few studies investigating the effect of SSI
interventions on students’ socioscientific reasoning during negotiation of

socioscientific issues (Barab et al., 2007, Sadler et al., 2007, Sadler et al., 2011).

The literature documenting the effect of SSI interventions on student content
knowledge gains emerged as a response to the concern that is whether SSI has an
important role in science education. Although it was emphasized that SSI has
science dimensions and should be integrated into science curricula (Sadler &
Zeidler, 2005), educators argued whether students advance science learning
through SSI applications in classrooms (Sadler et al., 2007). As a result, researchers
focused on classroom interventions that aimed to improve students’ science
learning in the context of SSI. The work of Barab et al. (2007) designed a game-
based learning environment called as Quest Atlantis to engage students both in real
and simulated socioscientific issues. A virtual world facing a problem (a decline in

fish numbers) was created. There were three groups (an indigenous population, a
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logging company, and a fishing company) that blamed each other for the decline in
fish numbers. Students navigated the environment in the role of expert helper.
Their duties included interviewing with people having different perspectives on the
problem, collecting and analyzing data, and proposing informed solutions. Twenty
eighth fourth grade students participated in the study. Of them, 16 were girls and 12
were males. One of the goals of this study was to support students in learning
science concepts. Multi-level assessments of learning (proximal and distal-level
evidence of individual science learning) were performed to assess students’
learning science concepts. As a result, the authors found that students learned about
the science content. Venville and Dawson (2010) also studied the effect of
intervention including argumentation about a genetics-based socioscientific issue
on grade ten students’ conceptual understanding of genetics. They utilized an
intervention which included one lesson on argumentation skills and two more
lessons on the use of those skills in the context of genetics related SSI. Authors
studied with four classes with 92 students. Two classes received explicit
argumentation lessons during genetics course and the other two classes did not
receive any treatment. Pre and posttests including multiple choice items and short
answer items to measure students’ understanding of genetics were administered.
The results revealed that students’ understanding of genetic concepts changed
significantly from pre to post-instruction. The study of Klosterman and Sadler
(2010) also explored the impact of a SSI-based intervention on improving science
content knowledge. They developed a three week unit including 15 lesson hours on

global warming including concepts such as atmospheric composition, the
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measurement and absorption of radiation by CO2 and other gases, the process of
combustion and explanations for and causes of climate change. Data were collected
prior to and after the intervention from 108 students who enrolled in environmental
science and chemistry courses. These courses were included in the curriculum of 9
to 12 grade students. Science content knowledge was measured through a
standards-aligned test and a curriculum-aligned test. The mixed results from both
tests supported the authors’ hypothesis that SSI can be used as a context for

developing students’ science content learning.

The influence of SSl-based interventions on students’ nature of science
conceptualizations has gained emphasis since nature of science was advocated as a
goal of science education. Khishfe (2013) studied the influence of a SSI unit in
which explicit NOS and argumentation instruction were integrated on
argumentation skills and nature of science understandings of seventh grade
students. A total of 121 students from two different schools (61 students from one
school, 60 students from other) participated in the study. The seventh grade classes
were randomly assigned to two different treatment groups. One treatment group
included the explicit NOS and argumentation instruction while the other received
only explicit NOS instruction. The author and two teachers worked collaboratively
on the unit of Water Usage and Safety. They prepared lesson plans including
explicit NOS and argumentation instruction. The treatments continued for eight
weeks. At the beginning of the unit, both groups received explicit NOS instruction

for two weeks and the remaining six weeks they received the same content
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instruction embedded with tentative, empirical and subjective aspects of NOS. As
an exception, one of the groups also received argumentation instruction at the
beginning of the unit. Data was collected through open-ended questionnaires and
interviews about two socioscientific issues before and after treatments. The results
revealed that the group receiving explicit NOS and argumentation instruction
showed more informed NOS understandings and more developed argumentation
skills. Similarly Eastwood et al. (2012) studied the effect of two curricula (SSI-
driven and content-driven) on high school students’ NOS understandings. Four 11"
and 12" grade Anatomy and Physiology classes participated in the study. Two
classes were taught by SSlI-driven curriculum while the other two received
instruction through content-driven curriculum. Both curricula were embedded with
explicit-reflective NOS instruction. SSI classes learned course content through
focusing on a variety of SSI such as stem cell research, fast food and health, water
quality, and euthanasia. Several activities were developed to engage students with
both science content and the social aspects of the issues. The classroom activities
mostly included discussion, argumentation, role-play, small group work and
specific research on some of the issues. The subjective, theory-laden, empirical,
creative, and culturally embedded NOS aspects were emphasized. The classes
receiving content-driven curriculum participated in more traditional and textbook
oriented classroom activities. The content group studied anatomy and physiology
topics such as cells, tissues, organs, and organ systems through lectures, laboratory
activities, and discussion of topics. NOS aspects covered in SSI group were also

highlighted in the content group embedded with the anatomy and physiology
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content. Students’ pre and post NOS understandings were investigated to reveal the
effect of two curricula. Quantitative analysis yielded that the students in both
groups displayed significant gains in each NOS aspect except social and cultural
NOS aspect. However the qualitative analysis showed that students used accurate
and relevant examples in supporting their perspectives on the social and cultural
NOS aspect. The authors’ suggestion was that SSI contexts can serve to improve
NOS understandings including nuanced conceptions. The study of Khishfe and
Lederman (2006) investigated the effect of integrated and nonintegrated NOS
instruction within global warming unit which lasted for 6 weeks. Two intact classes
including 42 ninth graders taught by the same teacher participated in the study. The
classes were randomly assigned to the two different NOS instruction approaches.
Both were instructed about NOS and global warming for four 45 minute class
during 6 week. Tentative, empirical, human imagination and creativity, distinction
between observation and inference, and subjective aspects of NOS were
emphasized during both instructions. They differed in terms of the NOS instruction
approach. The integrated group received NOS instruction embedded within the
global warming while the nonintegrated group received separate NOS instruction in
which the teacher did not connect NOS and the global warming. For example the
differences in two scientists’ inferences for the same observation about global
warming were emphasized to point out to the subjective nature of science in the
integrated group while generic activities were conducted in nonintegrated group.
Nonintegrated group first received NOS instruction followed by content instruction

around global warming. Data were collected through open-ended questionnaires

52



and interviews before and after treatments. Data analysis showed that the explicit
NOS instruction resulted in the developed NOS understandings without
considering whether it was embedded in a controversial science topic. The
integrated and nonintegrated groups hold more informed NOS views for five
aspects after the instructions. The authors argued that this does not necessarily
mean that nature of science should be taught separately from the science content. It
is only an indicator for the effectiveness of both instructional strategies on NOS

Vviews.

Several researchers designed SSI instruction including argumentation and
investigated the influence of it on students’ argumentation skills. The work of
Patronis et al. (1999) was an experimental study carried out with 14 years old
students. Students focused on a real problem which was the planning of a road near
the school. The intervention included different steps. First the teacher stated the
problem and asked students to write their personal opinions about it. Two weeks
later, the teacher commented on students’ opinions and asked them to form groups
in which they represented residents and specialists working for the construction of
the new road. In the next step the groups presented their group suggestions and
justified their decisions. In this step, students benefitted of a variety of arguments
to support their decisions. Finally they rated one of the groups’ suggestions as the
best to be sent to the City Council for further evaluation. The authors examined the
quality of arguments used by students and explored how students’ arrived at a

decision. Their findings revealed that the students were able to develop different
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kind of arguments as qualitative, semi-quantitative or quantitative. Students mostly
developed qualitative arguments which were identified as the ideas based on the
different aspects of the situation such as social, ecological, economic or practical.
These arguments included personal beliefs, opinions, and values about the
situation. Patronis et al. (1999) also stated that the decision- making was mostly
performed individually in the classroom. They explored that personal experience
and analogies affected the decisions reached in the classroom. Zohar and Nemet
(2002) carried out an experimental study to investigate the effectiveness of the
implementation of the Genetic Revolution Unit on students’ argumentation skills.
A total of 186 ninth grade students from two schools participated in the study.
There were five experimental group classes who learned advanced genetic concepts
through Genetic Revolution unit and four comparison group classes who learned
those concepts through lecturing and solving standard genetic problems for
approximately 12 lessons. Experimental group classes received explicit
argumentation instruction. Argumentation skills were assessed through written
worksheets before and after treatment and audiotaped discussions of small groups
on two bioethical dilemmas. The results revealed that approximately 90% of the
students formulated simple arguments including a conclusion and one justification
initially. After implementation experimental group students formulated more
complex arguments including more than one justification. The study conducted by
Venville and Dawson (2010) (mentioned before in this section) also investigated
tenth graders’ argumentation quality. A quasi-experimental design research with

two classes (one as argumentation group and the other as comparison group)
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revealed that the argumentation group showed significant improvement in the
complexity and quality of arguments they formed after participating in

argumentation classes about cystic fibrosis and genetically modified tomatoes.

In addition to the research focusing on the effect of SSI implementations on science
content knowledge, NOS understandings, and argumentation skills, the recent
research addresses the influence of SSI implementations in classrooms on students’
socioscientific reasoning. The work of Barab et al. (2007), Sadler et al. (2007), and
Sadler et al. (2011) investigated the influence of classroom implementations in SSI
context on students’ socioscientific reasoning. These studies were discussed before
in detailed, therefore 1 will briefly mention about them. Through a gaming learning
environment, Barab et al. (2007) facilitated students to built socioscientific
reasoning skills. The students in this study showed high quality socioscientific
reasoning pattern. They appreciated the complexity associated with SSI, tried to
balance ecological and economical concerns, considered scientific data and
multiple lines of evidence. Sadler et al.’s study (2007) was an extension of Barab et
al.’s (2007) to provide a valid assessment of socioscientific reasoning. Sadler et al.
(2007) developed rubrics for each aspect of socioscientific reasoning through
quantitative and qualitative analysis of interviews conducted with middle school
students about two different issues. The last study, Sadler et al. (2011), investigated
the effect of a classroom implementation of global warming on students’

socioscientific reasoning. They also revised the assessment of socioscientific
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reasoning. This study found no significant difference in students’ socioscientific

reasoning before and after implementation.
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CHAPTER 3

METHODOLOGY

The purpose of this study was to investigate the change in the preservice science
teachers’ socioscientific reasoning as they participated in the teaching and learning
activities during SSI-focused course. In this chapter, research questions, research
method, data collection procedures, data analysis and trustworthiness of the study

were included.

3.1 Research Questions

This study aimed to investigate the following main and sub-research questions:

1. How does PSTs' socioscientific reasoning change in response to

participation in a SSI-focused course?

a. How do PSTs recognize the inherent complexity of socioscientific
issues before and after a SSI-focused course?
b. How do PSTs realize that SSI is subject to ongoing inquiry before

and after a SSI-focused course?
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c. How do PSTs examine socioscientific issues from multiple

perspectives before and after a SSI-focused course?

2. How does PSTs’ socioscientific reasoning change during the SSI-focused

course?

d. How do PSTs recognize the inherent complexity of socioscientific
issues after phase 1 and 2 during a SSI-focused course?

e. How do PSTs realize that SSI is subject to ongoing inquiry after
phase 1 and 2 during a SSI-focused course?

f. How do PSTs examine socioscientific issues from multiple

perspectives after phase 1 and 2 during a SSI-focused course?

3.2 Research Design

Based on the research questions mentioned in previous section, a design based
research approach was used. Design based research is “an emerging paradigm for
the study of learning in context through the systematic design and the study of
instructional strategies and tools” (The Design-Based Research Collective, 2003,
p.5). That is, researchers design and change the learning environment to study
learning. Tabak (2004) stated that “design-based research methods incorporate both
design and empirical research with the goal of developing models and
understanding of learning in naturalistic intentional learning environments (p. 226).
Cobb, Confrey, diSessa, Lehrer and Schauble (2003) expressed that “this designed

context is subject to test and revision, and the successive iterations that result play a
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role similar to that of systematic variation in experiment” (p. 9). Design based
research is also known as design experiments (Brown, 1992; Collins, 1992).
Design experiments “ideally results in greater understanding of a learning ecology-
a complex, interacting system involving multiple elements of different types and
levels- by designing its elements and by anticipating how these elements functions
together to support learning” (Cobb, et al., 2003). In this study, it was also aimed to
create a learning ecology through design experiments including a series of teaching
sessions with a single set of students to understand teaching and learning processes

in depth.

More specifically, this study matches with design based research in aiming to
design, implement, analyze and redesign of a SSl-focused course to improve
socioscientific reasoning among preservice science teachers. For this purpose, three
main steps as suggested by Cobb et al. (2003) were followed. These steps were

explained in the following sections.

3.2.1 Preparing for the Design Experiment

Cobb et al. (2003) suggested that before conducting a design experiment the first
issue to be clarified is to identify the theoretical intent. Design experiments are
conducted in a varied range of settings such as classroom design experiments in
which a research team works with a teacher or another research team member to
assume the responsibility for the instruction (Cobb et al., 2003). Cobb et al. (2003)
identified crucial issues that should be addressed in conducting any type of design

experiment. The first one is to identify the theoretical intent of the design
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experiment. The second issue to be considered is specifying goals or endpoints for
student learning. Third one is documenting students’ initial understandings. These
issues were addressed in describing the classroom design experiment in the current

study later in this chapter.

3.2.2 Conducting a Design Experiment

In conducting a design experiment, the aim is to improve the initial design by
evaluating it through analysis of students’ learning and the learning environment
(Cobb et al., 2003). Depending on the needs of the experiment, a research team or
single researcher can collaborate in conducting the design experiment. Four
important functions were identified in conducting a design experiment (Cobb et al.,
2003). Firstly, in conducting design experiments, learning pathways and the
potential means to support learning should be clearly determined. Secondly an
ongoing relationship between researchers and the teachers should be cultivated.
Third one is developing a deep understanding of learning pathways and means
supporting learning while the experiment is in progress. This is essential for
improving the initial design. Final function is the meetings with researchers and
teachers to discuss previous learning pathways and to plan for the future ones to
achieve the goals for student learning. Developing deep understanding of learning
pathways and means requires collecting data on both students’ learning and the
means that were used to support learning. A variety of data sources can be
collected such as students’ work, classroom discussions, interviews, or different

forms of assessment.
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3.2.3 Conducting Retrospective Analysis

In testing and revising the initial design, historical or retrospective analysis is
performed on students’ learning and means to support that learning. After a
teaching session, the research team collects data and analyzes to see if the previous

teaching session achieved its goal or it requires revision.

3.2.4 Classroom Design Experiment: SSI-Focused Course

A semester-long SSI-focused course was designed to improve PSTs’ socioscientific
reasoning. Total instruction time was 36 hours, 3 hours per week. The course
included readings, socioscientific issue introduction, and negotiating and resolving
socioscientific issues. Different teaching and learning activities took place
throughout the course. The next three sections describe the preparation for SSI-

focused course, conducting it and performing retrospective analysis about it.

3.2.4.1 Preparing the SSI-Focused Course

The theoretical intent of this classroom design experiment was to focus on the
relationship between different classroom practices and improvement in
socioscientific reasoning. The course was designed in a manner in which PSTs can
strengthen their ideas and decisions about science based social issues. This is part
of scientific literacy since educators want individuals to understand issues that they
face in their daily lives through different media channels and appreciate how
scientific and technological developments influence their life and also how social
needs shape science and technology. Moreover, individuals gain perspectives on

issues of a rapidly developing science and technologies and their effects. They can
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recognize that these issues dominate the national discourse and understanding these
issues is necessary for citizenship. After clarifying the theoretical intent, specific
goals and endpoints were identified for the design experiment. In the syllabus the
initial aim of the course was stated as
Science, technology and society (STS) is an interdisciplinary field aims
to investigate and understand how science and technology influence
societies’ culture, values, and its institutions and how societal issues
influence science and technology. As we all know our life is shaped by
scientific and technological understanding and their productions. Thus,
it is imperative to know that how scientific and technological
understanding and knowledge influence our life through their
manipulation of our societal dynamics. By the same token societal

dynamics also change scientific and technological understanding,
knowledge, and their applications.

This statement suggested that the course mainly intends to help students gain an
understanding of science, technology, and society and the dynamic relationship

between them. To achieve this aim, the main objectives stated in the syllabus were

1. Explain the characteristics of science established by positivist paradigm.

2. Describe the characteristics of science established by post positivist
paradigm.

3. State alternative views of science and technology.

4. Demonstrate knowledge about philosophy, history, and nature of
science.

5. Conduct a literature search on computers and at library.

6. Describe different types of societal impact on science and technology.
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Describe different types of scientific and technological impact on
society.
See the importance of the issues related to science, technology, and

society.

These objectives have a parallel orientation with the general course goal. They also

refer to science, technology, society and the interaction among them. In addition to

the objectives related to the STS which were existed in the course syllabus

previously, the objectives about socioscientific issues were also added. These

objectives were

1.

2.

3.

10.

11.

12.

To identify characteristics of socioscientific issues

To explain the differences between STS and SSI

To relate SSI with scientific literacy and citizenship

To identify different types of reasoning in SSI

To relate science content with SSI.

To identify different views related to nuclear power

To argue on different views related to nuclear power

To defend their own ideas about nuclear power

To assess opposing ideas and to refute if possible

To develop decision- making skills in the nuclear power plant context
To look for more information in negotiation of nuclear power.

To transfer their learning in negotiation of nuclear power to other

science-related issues.

63



13. To discuss science behind the nuclear energy.
14. To recognize the challenge associated with nuclear power and in solving

similar issues.

The discussions and activities are designed so that PSTs gain those objectives at the
end of the SSI-focused course. There were teacher-led discussions, teacher-guided
group activities and independent group activities within the course. Teacher-led
discussions engaged PSTs in different views related to nuclear power and follow-
up discussions challenged them with justifying their ideas and assessing others’.
The teacher-guided group activities help them develop decision making skills
through collaboration with others. The group activities let PSTs be informed about
the complex nature of decision-making and ill-structured problem solving process.
They were faced with ill-structured problem from daily life, applied their own
knowledge and mental processes in addition to the provided by the instructor,
control and regulate their own learning and develop reasoning skills. The
independent group activities provided opportunities for PSTs to negotiate and
resolve a different SSI on their own so that they transfer their learning to other

contexts.

The objectives stated above are in congruence with the nature of socioscientific
issues and socioscientific reasoning. SSI is multifaceted, challenging, and open to
tentative solution. It requires that individuals focus on different views, evaluate
each idea and claim carefully, collaborate with others (including experts, public,

government, environmentalists, scientists, etc.) and make informed decisions
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through assessing all ideas, thoughts, information, and positive and negative sides.

The next section and its sub-sections explain the SSI-focused course in detailed.

3.2.4.2 Conducting the SSI-Focused Course
There were three phases in the course. After each phase, PSTs’ socioscientific
reasoning was assessed and the next phase was revised. The phases in the SSI-

focused course were summarized in Table 3.1.

Table 3.1 The SSI-Focused Course

Pre-assessment: Exploring initial socioscientific reasoning

Phase 1: Teacher-led discussions

---Content--- ---Teaching and Learning Activities---
e STS and STS teaching Whole classroom discussions
e SSI and informal reasoning Use of probing questions
e Nuclear power plant Presenting Information
Debriefing sessions
Second-order discussions

Assessment 1: Exploring socioscientific reasoning based on phase 1

Phase 2: Teacher-guided group activities

---Content--- ---Teaching and Learning Activities---
e Decision making on Nuclear e Group discussions
power plant e Argumentation
e Debriefing sessions

Second-order discussions

Assessment 2: Exploring socioscientific reasoning based on phase 2

Phase 3: Independent group activities

---Content--- ---Teaching and Learning Activities---
¢ Negotiating and resolving e Group discussions
different socioscientific issues e Classroom presentations

e Argumentation

Post-assessment: Exploring final socioscientific reasoning
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3.2.4.2.1 Phase 1

3.2.4.2.1.1 The Content of the Phase 1

The content of the first phase included science-technology-society, socioscientific
issues, informal reasoning, and nuclear power plant as a specific SSI. It began with
the readings about STS which are “Science, Technology and Society”, “Meaning of
STS for Science Teachers” (Yager, 1996); “The Congruency of the STS Approach
and Constructivism” (Lutz, 1996); “What is STS Science Teaching?” Whole class
discussions took place based on these readings. Instructor encouraged PSTs to elicit
their ideas and thoughts on STS, STS and science education. The importance of
social issues with science connection was stated due to their interrelatedness. Since
the participants were senior PSTs and they will teach STS topics in future, the
instructor mentioned about STS approach to science education. She underlined that
students must be given many opportunities to discuss their beliefs and value
judgments and to propose solutions to real world problems so that they will be able
to engage in meaningful discourse about science and technology related societal
issues and go on to make informed decisions about them. As a whole class, the
necessity of studying science and technology in society was discussed. The Bhopal
gas tragedy and the ENIAC, the first computer, were introduced to the PSTs.
Through these stories, PSTs had a view on how science, technology and society

influence each other.

In this phase, STS approach to science education was introduced. The view of

science as the accumulation of facts and the teachers as the source of information
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were deemphasized. Instead, it emphasized that knowledge is constructed, teachers
are facilitators, and textbooks are not source of knowledge. Moreover, it was
discussed whether science should be only in classrooms or science should be linked
to real life situations outside of the classrooms and whether society should be a part
of science classrooms. All of these positioned to help PSTs to have a view of STS
and its implications in science classrooms. The intimate intermingling of STS and
constructivism was explained. PSTs were asked to reflect on their ideas about
constructivism since they learned about constructivism in method courses. Then

they are asked to build a relationship between STS and constructivism.

After introducing STS, SSI and informal reasoning were introduced. The habits of
mind like acquiring skepticism, maintaining open-mindedness, evoking critical
thinking, recognizing multiple forms of inquiry, accepting ambiguity, searching for
data-driven knowledge were emphasized to be able to make informed decisions
(Zeidler et al., 2005). The uniqueness of SSI and the distinction between STS and
SSI were negotiated. The problems with STS were determined and SSI was
introduced as a big umbrella covering all aspects of STS besides ethical aspect of
science, moral reasoning and intellectual development of individuals (Zeidler et al.,
2005). Functional scientific literacy, as a conceptual framework having four areas
important for pedagogical purposes, was investigated and analyzed through the
discussions between instructor and PSTs. The four areas which are nature of
science issues, classroom discourse issues, cultural issues, and case-based issues

were detailed separately. PSTs were already knowledgeable about nature of science
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since they had two methods courses which focused on nature of science.
Discussions on functional scientific literacy underlined the need for more
argumentation and classroom discussions in science education. Cultural differences
within the classroom were foregrounded in order to make clear that science
educators should pay attention to the individual differences in moral reasoning and
emotions within the classroom. Having deciphered STS, SSI and the distinction
between them, the informal reasoning and informal reasoning patterns were
explained as rationalistic, emotive, and intuitive (Sadler & Zeidler, 2005). The
Readings “Patterns of Informal Reasoning in the Context of Socioscientific
Decision Making” (Sadler & Zeidler, 2005), and “Preservice Science Teachers’
Informal Reasoning about Socioscientific Issues: The influence of issue context”
(Topcu, Sadler, & Yilmaz-Tuzun, 2010) were discussed. PSTs were given some
episodes for different SSI and asked which pattern they fall into. After introducing
SSI theoretically, the reading “Toward a Global Understanding of Nuclear Energy
and Radioactive Waste Management” (Powell, Robinson, & Pankratius, 1994) was
introduced. Then PSTs read some readings from media and journals about the
positive and negative impacts of nuclear power plants on economy, environment,
politics, and society. Whole classroom discussions took place on these readings.
The classroom discussions based on pros and cons of NPP were triggered by
instructor through asking some guiding questions. These questions (will be
explained in the next chapter) referred to different perspectives related to NPP.
PSTs discussed each of them through whole class discussions guided by instructor.

They presented some claims and counter claims for each from media, news or
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articles and expected to provide evidence for them. The dialogue events between
instructor and PSTs or between PSTs resulted in different opinions and

justifications for them.

3.2.4.2.1.1 The Teaching and Learning Activities of Phase 1

The teaching and learning activities in the phase 1 included teacher-led whole
classroom discussions. The classroom discussions about STS, SSI, and informal
reasoning were based on the readings. The instructor delivered the instruction and
PSTs shared their ideas. On the other hand, the classroom discussions about nuclear
power plant were more varied in terms of teaching and learning activities.
Instructor utilized probing questions, presented information and carried out
debriefing sessions and the second-order discussions. PSTs were more active

during these discussions.

Probing Questions

During the first phase of SSI-focused course, instructor asked probing questions to
initiate the discussions on nuclear power plant. These questions emphasized
different perspectives associated with the nuclear power plant. Mainly economical,
environmental, political, and societal aspects of nuclear power plant were discussed
through these questions. These questions framed the issue in terms of multiple
perspectives. The probing questions aimed to make PSTs more noticeable about
different aspects of nuclear power plant including both advantageous and
disadvantageous. As a result, PSTs could have a chance to negotiate nuclear power

plant with respect to multiple perspectives including both pros and cons and PSTs

69



were expected to realize multiple perspectives and develop their socioscientific

reasoning in terms of multiple perspectives.

The main question during the negotiation of nuclear power plant was whether
nuclear power plant should be constructed or not. Then the instructor asked the
probing question “Is NPP a cheap energy source?” to emphasize the economical
perspective and initiated whole classroom discussion. After receiving PSTs’
responses, instructor asked another probing question “What is the relation between
a unit of energy source and produced energy for NPP and other energy sources like
coal or natural gas?” to foster PSTs think about NPP and compare it with other
energy sources. Based on PSTs’ responses, instructor asked the following probing
question “Do we have enough uranium sources?” and talked about Turkey’s
uranium source. The teacher-led classroom discussions about nuclear power plant
included the same pattern in terms of other perspectives. All probing questions
asked in the SSI-focused were provided in Table 3.2. These questions were
investigated by two researchers and the perspectives emphasized in each question

were determined.
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Table 3.2 Questions and Associated Perspectives in Framing NPP

Perspectives

Framing Questions

Environmental

Is NPP a solution to
global warming? Is it
a clean energy
source?

How does an
earthquake affect
NPP’s functioning
and, in turn, how
does this affect
ecosystem and
livings?

How is a NPP cooled
down? And what are
the results of this
process in terms of
ecosystem?

Is nuclear waste
dangerous? How?

Should we check
nuclear waste stored
under ground
periodically? Why?

How does radiation
affect living
organisms?

Why is Akkuyu
selected for NPP?

Societal

Does NPP provide
job opportunities?

How do the local
people feel about
living with a NPP?

Does NPP influence
tourism in Akkuyu?

How does a nuclear
accident affect the
physical and
psychological
health of people?

Is society really
informed about
NPP or they are
only blind
protesters?

Economical

Is NPP cheap energy
source?

What is the relation
between a unit of
energy source
(uranium) and produced
energy for NPP and
other energy sources
(coal, natural gas)?

How does a NPP
produce that much
energy?

Do we have enough
uranium sources?

How much does it cost
to build and maintain a
NPP? What about the
cost for deconstruction?

Does Turkey have
enough scientists,
experts, and technicians
to function a NPP?

What about the storage
of nuclear waste and
control of it for long
years?

Political

Does having a NPP
make Turkey an
energy
independent
country?

Is the construction
of NPP decided by
only government
or a group of
people having
different ideas?

Is NPP really
necessary now or
isitalong term
solution for
energy?

How does NPP
affect our relations
with foreign
countries,
especially the ones
that we import
energy”?

Is energy a pretext

for NPP? Are there
other reasons like a
nuclear bomb?

Can nuclear waste
be controlled for
any leakage for
years without
being dependent on
the change of
government party?
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Presenting Information

During teacher-led classroom discussions on nuclear power plant, instructor
provided a variety of information including historical, research results, expert
views and scientific information about nuclear power plant for PSTs. PSTs learned
history of nuclear power plant in Turkey, major nuclear accidents all over the world,
the research results about the effect of nuclear power plant on ecosystem and living
organisms, expert views about the impact of nuclear power plant on economy and

politics, scientific information about nuclear power plant.

Debriefing Sessions

During the SSI-focused course, instructor carried out debriefing sessions about
nuclear power plant. The timing of these sessions was important since they were
carried out after PSTs experienced practices about negotiation and resolution of
nuclear power plant. In these sessions, instructor reviewed main points discussed,
reverted to previous utterances, and summarized the information presented through
interacting with PSTs. In these sessions, there was a focus on review and critical
examination of topic by engaging PSTs with a series of questions. These questions

challenged PSTs and forced them to think critically.

Second-Order Discussions

After discussions about nuclear power plant, instructor carried out second-order
discussions. First-order discussions refer to the object-level discussions in which
PSTs discuss nuclear power plant. The classroom activities such as asking probing

questions about nuclear power and debriefing sessions all refer to first-order
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discussions. In the first-order discussions, PSTs and instructor focus on the nuclear
energy. This is object-level, meaning that a particular topic is negotiated; PSTs’
ideas about it were explored. Second order-discussions refer to a more abstract-
level of understanding and take them away from particular concepts being
discussed about and assist them in realizing SSI, its relation to scientific literacy,
and its invariant features in general. Second-order discussions about SSI help PSTs
realize the general features and relationships among SSls and to reflect on similar
issues which share the same features and relationships. For example, in first-order
discussions PSTs can discuss about nuclear power, and its aspects however in
second-order discussions they can think about SSI in general, reflect on its features
and what makes an issue as SSI, and how different reasoning exists in dealing with
these issues. Most of the time, first order-discussions about nuclear energy and
second-order discussions about SSI were integrated to help PSTs apply their
understanding of SSI in specific contexts. They learned about SSI, nuclear power,
and nuclear power as an SSI. And then they applied this understanding, knowledge
and skills they learned in their reasoning, problem solving, and decision making

processes in the context of other SSls.

This phase served as a base for STS, SSI, and science education. It was developed
to facilitate PSTs to comprehend STS, SSI, the differences between them and

informal reasoning and nuclear power plant as a specific SSI.
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3.2.4.2.2 Phase 2

3.2.4.2.2.1 The Content of the Phase 2

During the first phase, PSTs did not have a chance to make a decision about
socioscientific issues by themselves rather they learned basic information and
concepts. With this in mind, second phase aimed to provide an experiential learning
environment for PSTs to participate in a decision making process about a specific
socioscientific issues under the guidance of instructor. The second phase included a
decision making activity about nuclear power plant emphasizing economical,

environmental, political and societal aspects of nuclear power plant.

3.2.4.2.2.2 The Teaching and Learning Activities of Phase 2

During the second phase, group activities, argumentation, debriefing sessions and
second-order discussions were carried out. The decision making activity included
four small groups as business man, environmentalists, scientists and politicians.
The three groups (business man, environmentalists and scientists) documented their
arguments and their suggestions about nuclear power plant construction and the
politicians as representative of ministry of energy and natural resources who
listened to these groups’ arguments about nuclear power plants and made a
decision for its construction. The three small groups made a decision based on their
arguments and informed the politicians about their decisions and arguments. The
politicians made a final decision but some disagreements between groups caused
whole class discussion at the end. After the group activity, debriefing sessions and

second-order discussions took place.
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3.2.4.2.3 Phase 3

3.2.4.2.3.1 The Content of the Phase 3

During the second phase, PSTs had a chance to negotiate and resolve nuclear
power plant by the assistance of the instructor. They were assigned to the groups by
the instructor and asked for assistance when they needed. Since they discussed the
pros and cons of nuclear power in terms of different perspectives, they were
already knowledgeable about nuclear power. Based on this idea, the third phase
was designed in a way that PSTs negotiate and resolve socioscientific issues
independently. The third phase included the negotiation and resolution of four
different socioscientific issues. This was an independent group activity in which a
group of PSTs negotiated different SSIs and tried to come to informed decision.
The SSls discussed were stem cell, genetically modified organisms, genetic

screening and experiment with animals independently.

3.2.4.2.3.2 The Teaching and Learning Activities of Phase 3

In this phase, group activities, argumentation and classroom presentations were
carried out. Each group was asked to select a SSI different than NPP and negotiate
and resolve it by themselves and tried to make informed decisions. The last group
activity was important in terms of how they formed their groups in terms of
different perspectives and how they presented their arguments, justifications,
counter claims and rebuttals to resolve a socioscientific issue. The independent
group activities were purposefully formed to help PSTs learn how to negotiate and

resolve different SSls and to catch their attention to the nature of SSI. That is they
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were allowed to design their own group activities and were thus able to be involved
in the process of decision making process. This allowed for an implementation of
socioscientific decision making and reasoning which they learned about in class to
their independent group decision making activity. As a result, the groups of PSTs
organized the activity, found relevant information, and made decision through
negotiating only with their peers and did not receive any assistance from the

instructor.

3.3 Participants

The participants of this study were PSTs enrolled in Science-Technology-Society
course in the fall semester of 2010-2011 at a large, research-oriented university
located in the capital city of Turkey. The Science-Technology-Society course was a
required course for senior PSTs during their final year of science teacher education
program. The number of PSTs enrolled in the course was not the same with the
number of participants participated in the interviews. Therefore, | will first present
the information about all PSTs who were enrolled in the course and involved in all
data collection procedures except interviews. After, | will give information about

PSTs who were interviewed.

In total 33 PSTs enrolled in the course and all of them were involved in all data
collection procedures except interviews. Among them 26 PSTs were female and
seven were male. Their age ranged from 22 to 26. They were all senior PSTs and
will be able to teach elementary and middle school science classes after they

graduated. All of them completed the same basic science courses such as physics,
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biology and chemistry and teacher education courses such as educational
psychology, measurement and assessment, laboratory application in science,
methods of teaching science, and classroom management offered in previous
semesters. Almost all PSTs (except one PST) completed environment related
course such as environmental sciences or sustainability. Three PSTs were the
members of World Wildlife Fund organization. Especially the chemistry courses
included science content about nuclear power plant such as atoms, molecules,
isotopes, radioactivity, and neutron bombardment which are related to the nuclear
chemistry. Among 33 PSTs enrolled in the course, | interviewed with 24 PSTs
based on their voluntary participation. Five of them were male and 19 of them were
female. During their post-interviews they were asked whether they heard about
socioscientific issues. All PSTs heard about these issues such as nuclear power and
global warming. However they stated that they never participated in such
classroom activities and decision making process which took place in this course.
Therefore the participants were selected purposefully because they enrolled in the
science-technology-society course and participated in teaching and learning

activities related to the negotiation and resolution of socioscientific issues.

3.5 Data Collection

All of the data were collected during the semester-long SSI-focused course. In
order to investigate the change in PSTs’ socioscientific reasoning a wide range of
data collection procedures were utilized. Pre and post interviews and open-ended

questions, reflection papers, reports, video-recordings of whole class discussions,
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video and audio-recordings of group discussions provided the data source for this

study. Each data collection technique was detailed below.

3.5.1 Interviews

Interviews were conducted at the beginning and at the end of the course to
investigate PSTs’ socioscientific reasoning in the context of nuclear power plant
(NPP). The interview protocol developed by Sadler et al. (2011) used in this study
with some changes based on the context. Originally the interview protocol was
about global warming. The researcher and her advisor redesigned the interview
questions according to the nuclear power plant. Finally the protocol consists of one
written socioscientific scenario with a series of questions (Appendix C). The issue
given in this scenario is a real one for the PSTs since it is the current situation in
Akkuyu, Mersin, Turkey. The interviews began with the PSTs reading the Akkuyu
Nuclear Power Plant scenario and then they summarized the scenario. After they
seemed to have clear understanding of the scenario, they were interviewed. The
researcher asked different set of questions aimed to explore PSTs’ understanding
about complexity, inquiry and perspectives aspects of SSR. In the first part of the
interview, PSTs’ understanding about complex nature of SSI was investigated.
They were asked to reason on complexity associated with the nuclear power plant.
In the second part of the interview, the focus was to reveal PSTs’ understanding
about the need of ongoing research (i.e. inquiry) in negotiation of SSI. They were
asked to reason on the information about NPP given in the scenario and to discuss

more information if they need. Final part of the interview aimed to explore PSTs’

78



understanding about multiple perspectives in negotiating and resolving SSI. They
were asked to discuss on different perspectives associated with NPP. All of the
interviews were recorded and then transcribed by the researcher. PSTs’ answers
were scored according to the assessment rubrics by two independent researchers.

The rubrics for each aspect of SSR were given in Data Analysis section.

3.5.2 Open-Ended Questions

All PSTs enrolled in the course responded to a set of questions about nuclear
energy and the associated challenge (Appendix D). They were asked about nuclear
energy, radioactivity, nuclear waste, and the challenge with NPP. PSTs answered

these questions at the beginning and at the end of the semester.

3.5.3 Reflection Papers

All PSTs wrote down two reflection papers. PSTs wrote the first reflection paper
(Appendix E) after Phase 1. In the first reflection paper, PSTs responded to a series
of questions about NPP and their individual decisions on nuclear power plant
construction in Akkuyu. The second reflection paper (Appendix F) was requested
after the second phase to evaluate how this activity helped them improve their
socioscientific reasoning. These reflection papers provided evidence for the
contribution of activities to the PSTs’ understanding of complexity, inquiry, and

multiple perspectives of SSR.
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3.5.4 Video and Audio Recordings

All class sessions from mid-semester till the end of the semester were video-
recorded. Moreover the group discussions during the decision making activity were
audio-recorded. These recordings revealed information about the teaching and
learning activities conducted in the SSI-focused course. They were also helpful to

revise the teaching and learning activities.

3.5.5 Reports

PSTs prepared reports for the decision making activity as a group. In this report,
they stated claims and justifications for a specific perspective of NPP, and
recommendations for the construction of NPP. These reports were utilized in the
data analysis through providing support for their understanding of complexity,

inquiry, and multiple perspectives of SSR.

3.6 Data Analysis

This section provides how data were analyzed to answer the research questions of
this study. The data were analyzed both in a qualitative and quantitative way to
investigate whether SSI-focused course support the development of socioscientific

reasoning among learners.

The main research question and its sub-questions examined to what extent PSTs’
socioscientific reasoning change during SSI-focused course. To investigate this,
PSTs’ socioscientific reasoning was assessed before the SSI-focused course, after

phase 1, after phase 2 and at the end of the SSI-focused course.
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In data analysis of a qualitative study, the researchers’ role is to make sense of data
gathered through interviews, videos, observations and documents. Moreover, they
interpret the data and the interpretation of the data is reported in terms of
categories, themes, theory or models (Merriam, 1998). In this study constant
comparative method of data analysis was performed to analyze the data set to
answer the research questions. The constant comparative method of data analysis
was developed by Glaser and Strauss (1967). Glaser and Strauss (1967) stated that
“the analyst starts by coding each incident in his data into many categories of
analysis as much as possible, as categories emerge or as the data emerge that fit an
existing category” (p. 105). Two independent researchers analyzed the multiple
data sources (audio recordings, reflection papers, written reports). Both researchers
analyzed all data sources to catch the instances that PSTs either implicitly or

explicitly elicit their ideas for the aspects of SSR.

3.6.1 Data analysis of Pre and Post Interviews

Participants’ responses to interview questions were examined with two rubrics. The
researcher studied with a SSI expert during the analysis of the pre and post
interviews. An initial analysis of interview data was conducted with this expert.
Since his native language was English, a sub-set of five pre and post interview
transcriptions was translated into English to analyze the data with the rubric
developed by Sadler et al. (2011) according to a level-based approach. This rubric

was called as “breadth rubric”. Breadth rubric assesses whether participants

e are aware of complexity of SSI and provide sources for the complexity,
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e demand more information and provide lines of inquiry,

e recognize and state differences in opinions and interests.

Because of the nature of the data obtained in this study, breadth rubric was not
enough to assess PSTs’ SSR. Thus for this study a second rubric called as “depth
rubric” was developed to assess PSTs” SSR. Table 3.3, 3.4, and 3.5 give the levels,
their descriptions, and example quotes from the data of this study for each level for

SSR aspects: inquiry, complexity, and perspectives respectively.

82



Table 3.3 The Breadth Rubric for Inquiry Aspect of Socioscientific Reasoning

Questions: If you were responsible for deciding how to resolve the Akkuyu Bay
situation, would you need additional information regarding the situation before
making your decision? What kinds of additional information would be necessary
for you to make a decision regarding the Akkuyu Bay situation?

Level Description Exemplars

0 Suggests that No. That information is satisfactory to
additional inquiry is  resolve the situation in Akkuyu.
not necessary

1 Suggests that Yes but I do not know what kind? | should
additional inquiry is  do research for it.
necessary but does
not identify a
specific line of
inquiry.

2 Suggests that Yes. | wonder when the license for Akkuyu
additional inquiry is  was obtained.
necessary and
identifies a specific
line of inquiry.

3 Suggests that Yes. Exactly when the license for Akkuyu
additional inquiry is  to construct NPP was obtained? And also |
necessary and look for whether Akkuyu is an earthquake
identifies two region or not.
specific lines of
inquiry.

4 Suggests that I need a serious research. | want to learn

additional inquiry is
necessary and
identifies at least
three specific lines
of inquiry.

how much energy we need, how NPP
affects surrounding environment and
livings. | want to know what people living
in Akkuyu think about NPP. Is Akkuyu
stable in terms of earthquakes?
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Table 3.4 The Breadth Rubric for the Complexity Aspect of Socioscientific
Reasoning

Questions: Can Akkuyu Bay situation be solved easily? Explain why you think so?

Level Description Exemplars
0 States no complexity. It can be solved easily because there are many
people dealing with it.
1 Refers to the complexity Not easy. It should not be constructed, | think.
with no source for it.
2 Refers to the complexity It cannot be solved easily. Some people may
and states one source for prefer NPP but the people living there do not
it. want it due to the risk of radiation.
3 Refers to the complexity It cannot be solved easily since it has impact on
and states two sources ecosystem, economy, human, animals. We
for it. cannot only focus on economy and ignore other
dimensions. We also cannot focus on only
ecosystem and livings and ignore others.
4 Refers to the complexity According to me, it is not easy to solve. We

and states at least three
sources for it.

should think ecosystem. We should think
energy need. We should think how radioactive
waste will be stored. We should consult with
people living there.
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Table 3.5 The Breadth Rubric for Perspectives Aspect of Socioscientific
Reasoning

Questions: A group of concerned Akkuyu citizens gathered to discuss a solution for
the Akkuyu Bay situation. The group suggested that nuclear power plant should not
be constructed for the health of the citizens in Akkuyu and for the surrounding
ecosystem and living species. The energy demand should be met from sun and
wind. For example; the wind turbines can be constructed out at sea and abundant
sunlight in Mediterranean region should be utilized. How do you think the Turkish
government, nuclear energy proponents, and environmentalists would respond to
this suggestion? Please explain your response.

Level Description Exemplars

0 Cannot recognize that | do not think NPP will be constructed. The
different groups will ~ government will do whatever it wants. Others will
have different just protest it.
opinions.

1 Recognize potential Government, nuclear energy proponents and
differences in environmentalists will react differently to the wind
opinions but offer no  and solar use because they think differently.
real analysis.

2 Analyze/explain 1 Nuclear energy proponents may claim that NPP
given perspective. can be more efficient than wind and solar so they

may want it.

3 Analyze/explain 2 Government focus on economy and financial
given perspective. issues and NPP can be more beneficial so it does

not support wind and solar. Environmentalists
claim that solar and wind are environmentally
friendly and so they support citizens.

4 Analyze/explain at Government claim that NPP is more economical
least 3 given and efficient when compared to sun and wind.
perspective. Proponents also mention about efficiency of NPP

in terms of energy and its necessity for Turkey to
be an independent country. Environmentalists
support wind and solar because they are clean
energy, renewable and do not produce dangerous
waste.

85



The primary researcher and the expert independently examined a sub-set of pre and
post interviews for five participants using the breadth rubric to explore their
references to the complexity, inquiry, and perspectives and the degree of it. The
first turn of analysis resulted in nine inconsistencies out of thirty scores. After
negotiation, it was come out to be one inconsistency. The remaining was due to
personal error during the scoring. The initial analysis revealed that the rubric was
not sufficient enough to capture participants’ reasoning. The data was telling more
in terms of aspect of SSR but the rubric could not grasp it. The following quote
exemplifies this. Participant 1 needs more information to solve the nuclear power
plant crisis in Akkuyu and states three different lines of information underlined in
the excerpt. Participant 2 also needs information and requires three different
specific information. Using the original rubric, both participants are assigned to
level 4.

Participant 1: This information is not enough. | need more information

about seismic stability of Akkuyu. ... The rate of decay of radioactive

materials is necessary. | should know how ecosystem is affected from
NPP and radiation...

Participant 2: These are not enough to make a decision. For example
detailed information was not given about seismic stability. This is
important for NPP to function safely and also for nuclear waste to be
stored in safe since leakage can occur and soil and underground water
become radiated. Then how radiation affects people and other livings?
What levels of radiation are risky for them? Up to a level it is not
dangerous. We all get radiation through roentgen but that is minimum
and do not affect. I also want to know how nuclear waste will be stored
if NPP is constructed. That is highly radioactive and needs long years
to decay. Half life of uranium to decay is really long and emits
radiation until initial amount is decayed. Turkey is not so careful about
such danger. Due to nuclear waste tragedy in Istanbul and Izmir, we are
in the list of countries having nuclear accident even without a NPP.
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Participant 1 stated that more information was needed to solve the nuclear power
plant crisis in Akkuyu and cited three different lines of information underlined in
the excerpt. Participant 2 also referred to the need of more information including
three specific lines. Using the original rubric, both participants were assessed at
level 4. While the first participant listed the different lines of information to make a
decision, the second participant not only stated specific information but also
discussed why that information was required. However, the original rubric was not
capable of reflecting this difference. With this underlying idea, we refer to this
rubric as the “breadth rubric” which investigates whether individuals cite various
lines of information rather than the extent to which they discuss them in-depth and

provide rationales for them.

As it was stated the breadth rubric did not satisfactorily assess students’ reasoning
on SSI based on the data; therefore, a second rubric was developed to account the

depth of student responses. We referred to this second rubric as the “depth rubric.”

Depth rubric assesses whether participants

e are aware of complexity of SSI, provide sources for complexity and further
explanations, justification or reasoning for them.

e demand more information, provide lines of inquiry and further
explanations, justification or reasoning for them.

e recognize and state differences in opinions and interests and further

explanations, justification or reasoning for them.
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The depth rubric for each aspect of SSR is given in Tables 3.6, 3.7, and 3.8.

Table 3.6 The Depth Rubric for Inquiry Aspect of Socioscientific Reasoning

Questions: If you were responsible for deciding how to resolve the Akkuyu Bay
situation, would you need additional information regarding the situation before
making your decision? What kinds of additional information would be necessary
for you to make a decision regarding the Akkuyu Bay situation?

Level Description Exemplars

0 Does not require any ~ No. That information is satisfactory to
additional information resolve the situation in Akkuyu.
to make a decision.

1 Requires additional Yes, | need detailed information. This is so
information to make a  superficial like a newspaper article. It does
decision without not further inform about NPP.
giving a specific line.

2 Requires additional Yes, | need lots of information about seismic
information to make a  stability of Akkuyu, how nuclear waste will
decision, identifies be stored, whether we have experts in nuclear
specific lines of energy, what local people think, how
inquiry without ecosystem will be affected. ..
further explanations
for them.

3 Requires additional Yes, | want to learn about seismic situation

information to make a
decision, identifies
specific lines of
inquiry with further
explanations for them.

in Akkuyu. I need the statistical records
about it since earthquakes are the big
enemies of NPP. They may destroy the
power plant and cause radiation leakages.
This is also true for stored nuclear waste. If
we bury it in an earthquake zone, it may give
damage to the container which is full of
waste and radioactive materials can leak to
underground water and soil. This may affect
agriculture, drinking water and all related
organisms eating and drinking them.
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Table 3.7 The Depth Rubric for Complexity Aspect of Socioscientific
Reasoning

Questions: Can Akkuyu Bay situation be solved easily? Explain why you think so?

Level Description Exemplars

0 Cannot recognize the It can be solved easily if as a society we do not
complex nature of the behave emotionally.
issue.

1 Can recognize the Not easy to solve and reach a consensus. Some
complex nature of the people want some people protests.

Issue without any
reasonable sources for
complexity.

2 Can recognize the This issue is really difficult and takes long
complex nature of the time to reach a decision because there are
issue, identify reasonable different dimensions related to NPP. We
sources for complexity should consider economy, environment,
but cannot give further society, and political issues.
explanations and details
for them.

3 Can recognize the To be able to reach a decision about NPP

complex nature of the
issue, identify reasonable
sources for complexity
and can give further
explanations and details
for them.

seems really impossible. It requires a good
balance between economy, environments, and
society. NPP is economical since a unit of
uranium produces really substantial amount of
energy when compared to other energy
sources and this energy is continuous not like
wind and solar. It also constructed on a small
area but produce more. It is also important for
international relations and for Turkey to be
independent on energy. However, environment
and society can be affected due to radiation
and nuclear waste. Sea water will be used for
cooling purposes in NPP and it will be
returned to the sea carrying some radioactive
materials. Sea life can be affected. Soil can be
radiated and so agricultural products. So,
energy need, economy are important but
environment, people, health are also
important.
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Table 3.8 The Depth Rubric for Perspectives Aspect of Socioscientific
Reasoning

Questions: A group of concerned Akkuyu citizens gathered to discuss a solution for
the Akkuyu Bay situation. The group suggested that nuclear power plant should not
be constructed for the health of the citizens in Akkuyu and for the surrounding
ecosystem and living species. The energy demand should be met from sun and
wind. For example; the wind turbines can be constructed out at sea and abundant
sunlight in Mediterranean region should be utilized. How do you think the Turkish

government, nuclear energy proponents, and environmentalists would respond to
this suggestion? Please explain your response.

Level Description Exemplars

0  Cannot recognize that I think all of us should support wind and
different groups will have solar, they are so harmless.
different opinions.

1 Can recognize potential Government, nuclear energy proponents
differences in opinions but and environmentalists will react differently
cannot suggest reasonable to the wind and solar use because they
claims/opinions in parallel think differently.
with a given perspective.

2 Can recognize potential Government, nuclear energy proponents
differences in opinions and and environmentalist think differently and
can suggest reasonable react to wind and solar in different ways.
claims/opinions in parallel Government and proponents may be in the
with a given perspective same line. They think about economy and
without further explanation,  development, while environmentalists
evidence or justification. focus on environment and society.

3 Canrecognize potential All react in different ways. Government

differences in opinions and
can suggest reasonable
claims/opinions in parallel

with a given perspective with
further explanation, evidence

or justification.

think about budget and does not prefer
wind and solar since they are costly and do
not produce much energy. They are not
efficient and need a minimum level of wind
or daytime for sun. They require huge areas
and maintenance is challenging. NPP is
more efficient producing more energy in a
small area. It can function safely for years
if precautions were taken and it can be a
good solution for global warming. We have
uranium sources....
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To establish validity and reliability of depth rubric, the primary researcher and the
expert analyzed the sub-set of pre and post interviews for breadth and depth of
SSR. In this analysis, there were five inconsistencies out of thirty scores. However,
they were resulted due to personal error and agreed upon. To further establish
validity and reliability, a second sub-set of pre and post interviews were translated
into English and both investigators analyzed it with breadth and depth rubric. For
breadth rubric, there were two inconsistencies out of thirty scorings for only
inquiry aspect. As a result, the inter-rater reliability for breadth rubric was found to
be 93%. In addition to this, the significance of the inter-rater reliability was tested
using Cohen’s Kappa (Cohen, 1960). The results of the inter-rater analysis are
given as Kappa = 0.90 with p < 0.001. This measure of agreement is statistically
significant and is outstandingly convincing as Kappa values from 0.40 to 0.59 are
considered moderate, 0.60 to 0.79 substantial, and 0.80 outstanding (Landis &
Koch, 1977). For a convincing agreement, Kappa values should be at least 0.6 and

most often higher than 0.7.

The analysis with depth rubric yielded 3 different scores out of thirty scorings, two
for inquiry aspect and one for perspectives aspect. As a result, the inter-rater
reliability for depth rubric was found to be %90. The results of the inter-rater
analysis are Kappa = 0.84 with p < 0.001. This measure of agreement is also

statistically significant and is outstandingly convincing (Landis & Koch, 1977).

An inter-rater reliability analysis using the Kappa statistic was performed to

determine consistency among raters for both breadth and depth rubric. The results
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were satisfactory enough to conclude that both rubrics are yielding valid and

reliable scoring for complexity, inquiry, and perspectives aspects of SSR.

3.6.1.1 Scoring of Breadth and Depth Rubrics

The analysis of data according to the breadth and depth rubrics results in a range of
score pairs. The breadth rubric had five levels (0 to 4) and the depth rubric had four
levels (0 to 3). Based on how some performance levels were defined, there were
some necessary linkages between an individual’s scores on the two rubrics. For
example, individuals earning 0 or 1 on the breath rubric could only score 0 and 1
on the depth rubric. Individuals earning two or more in breadth will have at least a
two in depth. In considering ways to combine scores in order to create a composite
score, we prioritize the depth score because the depth rubric evaluates participants’
deep reasoning in each aspect through exploring whether participants discuss the
ideas in their responses. For example, in case of inquiry, students’ discussions on
various lines of information are more important than how many lines of
information they stated. This is also consistent with Bloom’s taxonomy of
cognitive levels (Krathwohl, 2002). The depth of students’ responses requires a
higher cognitive level than breadth. The ultimate score pairs and their descriptions

are provided in Tables 3.9, 3.10, and 3.11 for each aspect.
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Table 3.9 The Score Pairs and Descriptions for Complexity

Score pairs Descriptions

0-0 Cannot recognize complexity of the issue.

1-1 Can recognize complex nature of issue without sources for
complexity.

2-2 Can recognize complex nature of the issue; provide one source for
complexity without further explanation, justification, or reasoning
for it.

2-3 Can recognize complex nature of the issue; provide two sources for
complexity without further explanation, justification, or reasoning
for them.

2-4 Can recognize complex nature of the issue; provide at least three
sources for complexity without further explanation, justification, or
reasoning for them.

3-2 Can recognize complex nature of the issue; provide one source for
complexity with further explanation, justification, or reasoning for it.

3-3 Can recognize complex nature of the issue; provide two sources for
complexity with further explanation, justification, or reasoning for
each.

3-4 Can recognize complex nature of the issue; provide at least three

sources for complexity with further explanation, justification, or
reasoning for each.
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Table 3.102 The Score Pairs and Descriptions for Inquiry

Score pairs Descriptions

0-0 Does not require additional information.

1-1 Requires additional information without specifying lines of inquiry.
2-2 Requires additional information, suggests one specific line of inquiry
without further explanation, justification, or reasoning for it.

2-3 Requires additional information, suggests two specific lines of
inquiry without further explanation, justification, or reasoning for
them.

2-4 Requires additional information, suggests at least three specific lines
of inquiry without further explanation, justification, or reasoning for
them.

3-2 Requires additional information, suggests one specific line of inquiry
with further explanation, justification, or reasoning for it.

3-3 Requires additional information, suggests two specific lines of
inquiry with further explanation, justification, or reasoning for each.

3-4 Requires additional information, suggests at least three specific lines

of inquiry with further explanation, justification, or reasoning for
each.
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Table 3.11 The Score Pairs and Descriptions for Perspectives

Score pairs Descriptions

0-0 Cannot recognize potential differences in opinions.

1-1 Can recognize that different groups will have different opinions but
cannot provide reasonable claims/ideas for them.

2-2 Can recognize that different groups will have different opinions,
provide reasonable claims/ideas for one given perspective without
further explanation, justification, or reasoning for it.

2-3 Can recognize that different groups will have different opinions,
provide reasonable claims/ideas for two given perspectives without
further explanation, justification, or reasoning for them.

2-4 Can recognize that different groups will have different opinions,
provide reasonable claims/ideas for at least three given perspectives
without further explanation, justification, or reasoning for them.

3-2 Can recognize that different groups will have different opinions,
provide reasonable claims/ideas for one given perspective with
further explanation, justification, or reasoning for it.

3-3 Can recognize that different groups will have different opinions,
provide reasonable claims/ideas for two given perspectives with
further explanation, justification, or reasoning for them.

3-4 Can recognize that different groups will have different opinions,

provide reasonable claims/ideas for at least three given perspectives
with further explanation, justification, or reasoning for them.

3.6.1.2 Transforming Score Pairs into an Ordinal Scale

The score pairs introduced in the previous section were transformed into a

composite ordinal scale with the prioritization of the depth score. The score pairs

were 0-0, 1-1, 2-2, 2-3, 2-4, 3-2, 3-3, 3-4. The listing in Table 3.12 presents the

hierarchical arrangement of composite scores. The 0-0 is the lowest level in terms

of both breadth and depth SSR while the 3-4 is the highest level in terms of both.

The ordered version of the score pairs was transformed into eight-point scale. The

95



lowest reasoning level refers to 1 and the highest one refers to 8. Combining
breadth and depth SSR in this way can make the interpretation of rubrics easier.
The improvement in aspects of SSR among learners can be revealed more

reasonably.

Table 3.123 Depth and Breadth Score Pairs and Eight-Point Scale

Depth-Breadth Scores 00 11 22 23 24 32 33 34
Eight-Point System 1 2 3 4 5 6 7 8

The scores for breadth and depth rubrics are combined according to this system for
three aspects for each participant. Each participant has a point for each aspect and
that point has a description. For example, if a participant has 5 in this system for
complexity, this means he has a depth score of 2 and a breadth score as 4. This
further refers to the explanation which is this participant can recognize complex
nature of the issue and provide at least three roots for complexity. However he can
only mention about them without being able to provide explanation, justification or
reasoning. Table 3.13 provides an example for scoring of a participant breadth and

depth rubric for three aspects and a mean SSR score.

Table 3.134 An Example for Combining Depth and Breadth Scores

Complexity Inquiry Perspectives
Depth Breadth Depth Breadth Depth Breadth
D-B Scores 1 1 2 2 2 3
Point 2 3 4

Note that D refers to Depth and B refers to Breadth.
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After analyzing the pre and post interviews with both breadth and depth rubrics and
combining them, each participant had a pre-interview and post-interview score for
SSR. The magnitude of difference between PSTs’ SSR before and after SSI-

focused course was determined using Wilcoxon Signed Rank.

3.6.2 Data Analysis after Phase 1 and Phase 2

The intent of this study was to explore the change in the PSTs’ socioscientific
reasoning during SSI-focused course. Therefore in addition to the assessment of the
participants’ socioscientific reasoning before and after the course, their reasoning
was assessed after first and second phases. These assessments were also based on
the level performances of the rubrics mentioned in the previous section. The
reflection papers were mainly used to assess PSTs’ SSR after both phases.

Additionally, after the second phase, the written reports were utilized.

3.7 Trustworthiness

Validity and reliability are two important concepts that should be taken into
consideration in judging the quality of the study (Patton , 2002). Merriam (1998)
reports that “validity and reliability issues are concerns that can be approached
through careful attention to a study’s conceptualization and the way in which data
was collected, analyzed and interpreted and the way in which findings are
presented” (p.199-200). In quantitative research, Fraenkel and Wallen (2006)
identified validity as “the appropriateness, correctness, meaningfulness, and
usefulness of the specific inferences researchers make based on the data they

collect” (p.151) and reliability as “the consistency of the scores obtained and how
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consistent they are for each individual from one administration of an instrument to
another and from one set of items to another” (p.157). However it was argued that
“the language of the positivistic research is not congruent with or adequate to
qualitative work™ (Ely, Anzul, Friedman, Garner, & Steinmetz, 1991, p.95).
Therefore different perspectives existed on validation and reliability in qualitative
research (Creswell, 2007). One of the dominant perspectives was suggested by
Lincoln and Guba (1985). Lincoln and Guba (1985) talked about the
trustworthiness of a study and they wused specific terms “credibility”,
“transferability”, dependability” and “confirmability” as equivalents of “internal

b9 2% ¢

validity”, “external validity”, “reliability”, and ““ objectivity”.

Credibility refers to the internal validity of a study. Lincoln and Guba (1985)
suggested some techniques to produce credible findings and interpretations such as
prolonged engagement, persistent observation, triangulation, and peer debriefing.
To increase the credibility of this study, | spent a great deal of time with the
participants to learn the classroom culture, participants and to build trust. Different
modes of triangulation were also used to increase credibility such as data
triangulation, investigator triangulation, theory triangulation and methodological
triangulation (Denzin, 1970). Patton (1987) describes triangulation as “building
checks and balances into a design through multiple data collection strategies”
(p.60). “Triangulation strengthens a study by combining methods. This can mean
using several kinds of methods or data, including using both quantitative and

qualitative approaches” (Patton, 2002, p. 247). Using more than one data collection
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procedures decreases the insufficiencies in one data collection method and
increases the strength of the qualitative study. Data triangulation, investigator
triangulation, and methodological triangulation are the ones that were benefitted in
this study. | compared data from videos, reflection paper, interviews, and written
reports. | interviewed with only voluntary PSTs. | utilized both quantitative and
qualitative methods of research. Peer debriefing is another technique in establishing
credibility. | finally conducted debriefing sessions with an expert to discuss my

findings and interpretations.

The second issue in trustworthiness is transferability which refers to the external
validity. It deals with the generalizability of the results of a study (Merriam, 1998).
This is an issue that some researchers do not consider in qualitative studies since
the both the participants and the study design change depending on the context.
Bogdan and Biklen (1998) define generalizability as “referring to whether the
findings of a particular study hold up beyond the specific research subjects and the
setting involved” (p.32). In qualitative research, generalizability is not a prior issue
because researchers aim to get in-depth understanding of the situation not to find a
formula to generalize the findings. This is valid especially when the researcher
studies with single case. There may be some ways to increase this phenomenon,
such as a detailed description of characteristics of the participants, context of the
study and the study design. I tried to give a detailed- description of the context and

the classroom practices to allow other researchers to share the findings of the study.
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Dependability is another issue that should be considered in establishing
trustworthiness in a qualitative research. Merriam (1998) stated that “reliability
refers to the extent to which research findings can be replicated” (p.205). It is the
replication of the study and getting the similar results. Merriam (1998) emphasized
that reliability in qualitative research is different than the reliability in traditional
research because the latter focus on single reality while the former includes many
interpretations of the phenomena. Therefore it is difficult to repeat a qualitative
study and expect the same results. Rather it was expected that “the results are
consistent with the data collected” (Merriam, 1998, p. 207). There are several
techniques to increase dependability such as triangulation and audit trail. Like in
credibility using multiple data sources and different methods of data collection can
strengthen dependability. Through audit trail, researchers can explain how they
collected data, how categories emerged and how they made decisions and arrived at
their results (Merriam, 1998). In this study, as | mentioned before, | did data and
method triangulation. Moreover | described my case in detail and data collection
procedures clearly. | tried to explain how | analyzed the data sources and arrived at
the results. During data analysis of both research questions, | studied with a second
researcher to reach consensus on categories and interpretations. We compared our

individual results and then negotiated on inconsistencies.

Confirmability is the final issue to be discussed. It refers to the objectivity. Lincoln
and Guba (1985) proposed that intersubjective agreement is an approach to

establish objectivity. “If multiple observers can agree on phenomenon their
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collective judgment can be said to be objective”. In this study, two researchers
agreed on the findings and interpretations to be objective. Moreover, peer
debriefing was performed to ensure that the results were not biased. Furthermore, |
made the whole research process accessible by giving detailed, clear, and

meaningful explanations.

3.8 Ethics for Research

The participants were informed about the purpose of the study, the volunteer nature
of participation, promised confidentiality, and provided contact information for the
researcher and advisor. Participants were not coerced in any way and had the

option to leave the study at any time.

All data were collected by the researcher and investigated by the researcher. No
individual results will be reported. Data collected will not be used for other
purposes. Access to the data continues to be restricted to the researcher and will be

kept in a secure for a while following the completion of the study.
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CHAPTER 4

RESULTS

The results of the study were presented in two sections. First section reported the
PSTs’ socioscientific reasoning through comparing pre and post assessments
during the SSl-focused course. In the second section, PSTs’ socioscientific
reasoning after phase 1 and phase 2 was presented.

4.1 Section One: PSTs’ Socioscientific Reasoning during Pre and Post
Assessments

This section reveals the results for PSTs’ socioscientific reasoning through
comparing pre and post assessments which were performed before and after the
SSlI-focused course. Quantitative results were followed by the qualitative data. All
quotations presented for this section are preceded with participants’ number
ranging from 1-24 and interview number ranging from 1 (pre) to 2 (post). For

example for the third participant’s post interview results were given as 3-2.

The intent of this study was to investigate whether PSTs gain knowledge and
reasoning skills in negotiating a SSI when they participate in discussions and

interactions with other PSTs in a semester-long SSI-focused course. The course
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involved nuclear energy as the main SSI. It is the hot topic in Turkey recently and
studied mainly during the course as a whole class. Later, different SSIs were
discussed by PSTs as a group. The aim was to help PSTs improve their reasoning
for complexity, inquiry, and perspectives aspects of SSR. To remind, these are
inherent features of SSI and essentially focused on during socioscientific
discussions and argumentation.

4.1.1 Recognizing the Inherent Complexity of SSR during Pre and Post
Assessments

It was emphasized throughout the study that SSI is complex in nature. Individuals
should recognize the complex nature of SSI in order to make informed decisions to
prevent simple, illogical, and single solutions which are based on only one
dimension and shade the complexity of SSI. Breadth and depth rubrics assess the
complexity in different ways. In the case of breadth of complexity, the rubric
documents whether individuals site various sources of complexity for the issue. On
the other hand, the depth rubric assesses how well detailed the individuals can
discuss sources of complexity. The least sophisticated reasoning (Level 0) in
breadth of complexity occurs when individuals cannot recognize complexity,
mentions about how easy and straightforward to solve the issue without
considering any sources for complexity. Individuals assigned to Level 1 can
recognize the complex nature of the issue due to different stakeholders but cannot
provide sources for complexity. Individuals at level 2 in breadth can recognize the
complex nature of the issue and state one source for it. Level 3 and 4 refer to

providing two and three or more sources for complexity respectively.
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The lowest level (level 0) in the depth of complexity refers to a lack of recognition
of complexity, while the level 1 corresponds to the recognition of complexity.
Level 2 was associated with locating sources for complexity. The highest level in
depth of complexity (level 3) addresses the recognition of complexity with sources
including in-depth reasoning for them. Unlike breadth, depth rubric does not assess
how many sources individuals presented rather it investigates whether those
sources were discussed in detailed.

4.1.1.1 Comparison of PSTs’ Reasoning for Complexity According to Breadth
Rubric during Pre and Post Assessments

The relative frequencies of PSTs in each level for complexity aspect regarding
breadth rubric before and after SSI-focused course were given in Figure 4.1. The
bar graph in Figure 4.1 showed that while the number of PSTs in lower levels (0, 1,
2) according to the breadth rubric decreased, the number of PSTs in higher levels
(3 and 4) increased after the course. Before the course 6 (25%) PSTs could not
recognize complexity and provided very simplistic and illogical solutions for
nuclear power problem. They mostly emphasized that the nuclear crisis could be
solved easily and their solution was to construct it in another place if the current
place was not suitable. Six (25%) PSTs only recognized complexity but could not
identify any sources or reasons for why it is difficult to solve the problem. Five
(21%) PSTs recognized complex nature of the issue and figured out only one
source for complexity. Six (25%) PSTs presented two sources for complexity. Only
one PST (4%) could give three or more sources for complexity so this PST was

assigned the highest level in complexity.
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Comparison of Complexity Breadth Scores
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o
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Rubric Levels

Figure 4.1 Frequency of PSTs in Each Level Regarding Complexity-Breadth
before and after the SSI-Focused Course

An examination of Figure 4.1 revealed a clear trend toward improvement in the
breadth of complexity following PSTs’ participation in the SSI-focused course.
After the course the number of PSTs in low levels decreased while high levels
covered more PSTs. Only one PST (4%) still could not recognize complexity.
There were no PSTs (in level one) who recognized complexity without sources.
Almost all (23 PSTs, 96%) PSTs recognized complexity and site the sources of
complexity. One of them presented one source, 10 (42%) PSTs talked about two
sources and 12 (50%) PSTs provided level 4 responses including at least three

sources for complexity.

In addition to the quantitative results, qualitative data was provided below to
demonstrate the change in the PSTs’ reasoning for complexity according to the
breadth rubric. The following quotes exemplified how a participant reasoned on

complexity before and after the SSI-focused course. The qualitative data were
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presented as quote pairs for each participant to enable readers to see the change.
For exploring PSTs’ understanding on complexity, they were given a case (see
Appendix C) and were asked whether the nuclear energy debate in Akkuyu can be
solved easily. During the interview, they were required to elaborate their answers.
During the pre and post interviews one of the PSTs responded to this question as

follows

4-1: Not easy. This is nuclear. We had bad experience in the past. |
think it should not be constructed. It can be very dangerous.

4-2: Of course not easy. NPP has advantageous and disadvantageous.
That’s why it is difficult to decide. Everyone treats according to their
own benefits. Ok it will provide more energy since bombarding
uranium with neutron that’s fission and huge energy comes out. And
also we have rich uranium source and this will decrease the cost for the
source. On the other hand, as a result of NPP, environment and people
can get damaged. Nuclear waste is radioactive and its radioactivity does
not stop in a short time. It keeps releasing radiation for long. It should
get cold first which requires time and then should be kept underground
which results in other problems. Checking them in underground is
required. The type of container is really important to prevent leakage of
radioactive material. | mean lots of issues should be considered before
making a decision. The health of people and other living things in that
area also gets threatened. NPP probably will use the sea water in
Akkuyu for cooling and it will be also sent back to the sea. So the
marine life will be affected by radioactive materials too. People may
swim in the sea and can be affected. This requires good evaluation of
all these issues and it is difficult.

This PST provided a level 1 response according to the breadth rubric during the
pre-interview. It means that he recognized the complexity but cannot explain the
underlying reason for complexity. He just referred to bad experiences in the past

and proposed a very simplistic solution. During post-interview, he provided a rich
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and detailed answer for the same question and he was assigned to level 4 for it. He
really could talk about the complex nature of the nuclear problem in Akkuyu and

situated sources for it.

The following quote pair also exemplified how another participant improved their

reasoning in terms of complexity.

23-1: It cannot be solved easily. Some people may support the
construction of NPP but the people living there do not want it due to
the risk of radiation. Therefore environmentalists and local people
protest too much and resist so the situation become more difficult.

23-2: Cannot be solved easily...This is so controversial. Yes it has
good points but it has also bad ones. Therefore it is difficult to deal
with. We all know how dangerous NPP is and experienced it in
Chernobyl even it is not in our country. But how will we supply energy.
This is also important issue to consider because energy is very
important for Turkey and its development. But it has also some
drawbacks. Environment and society can be affected due to nuclear
waste, radiation. Sea water will probably used to cool down in NPP and
it will be returned to the sea which can carry some radioactive materials
to the sea. Soil can be influenced from radiation and agricultural
production can be also under risk. So energy need, economy are on one
side, environment, people, health, etc. are on the other side. Difficult to
decide.

This participant was assigned to level 2 for its answer during pre-interviews
because he mentioned about difficulty to solve the problem and then referred to
protests due to risk of radiation to explain why it is difficult to solve it. It was
evident that he recognized the complex nature of the issue but could not reason for
it sufficiently. Therefore level 2 represented his answer for pre-interview. When his

post response was investigated, he actually performed a better reasoning in terms of
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Frequencies

complexity and assigned to level 4. He mentioned that the crisis in Akkuyu cannot
be solved easily and referred to energy, economical, environmental, societal, and
health concerns about it.

4.1.1.2 Comparison of PSTs’ Reasoning for Complexity According to Depth
Rubric

The analysis of data with depth rubric offered how deep PSTs’ reasoning in terms
of complexity. Figure 4.2 compared the relative frequencies of PSTs in each level
for complexity aspect regarding depth rubric before and after the SSI-focused

course.

Comparison of Complexity Depth Scores
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Figure 4.2 Frequency of PSTs in Each Level Regarding Complexity-Depth before
and after the SSI-Focused Course

The bar graph in Figure 4.2 revealed that all PSTs offered responses in level 2 and
below based on complexity depth rubric. Six (25%) of them could not recognize
complexity and 6 (25%) PSTs acknowledged complexity without sources. Twelve

(50%) PSTs were at a higher level which refers to the recognition of complexity
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and presence of sources (level 2). At this time how many sources provided was not
important since the emphasis was not on the number but on the rich explanation
and reasoning. Level 3 responses were not presented before the course. This level
refers to not only recognition of complexity with probable sources but also
underlines the reasoning between sources and complexity (see chapter 3 for rubrics
and level explanations). After the course PSTs’ deep reasoning showed
improvement and 14 (58%) of them offered level 3 responses. These PSTs stated
that nuclear crisis cannot be solved easily and provided economical, political,
environmental or societal reasons with in depth explanations and justifications. For
example one of them referred to radiation problem as an environmental and societal
reason for making nuclear energy complex and discussed the effects of radiation on
human, agriculture, organisms with providing scientific information for radiation.
Nine (38%) PSTs were at level 2 providing only sources for complexity without
tying them to any reason, evidence or justification. Only one PST offered a

response at level O after the course.

Qualitative data also showed the improvement in PSTs’ reasoning for complexity
according to the depth rubric. The following quote showed how a PST improved
his reasoning and assigned to level 2 after instruction while he was at level 0 before
SSlI-focused course.

12-1: It can be solved easily because there are many people dealing

with it. Of course it requires research and planning but at the end, after
weighing negative and positive aspects, can be decided accordingly.
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12-2: It is rational not to decide easily. | mean we should not decide
quickly. Because it has impact on both human, animals, and
environment but it also affects economy, our dependency on foreign
sources. We cannot think just ecosystem there and decide accordingly
ignoring other dimensions. But we cannot only consider economy and
ignore ecosystem, environment, people, and health. NPP is efficient in
terms of energy production, we get more energy, and we use uranium
that we have.

Before the course participant 12 provided a very simplistic solution for the
situation in Akkuyu and could not recognize its complexity. Although he referred
to the need for research and planning, he thought that the problem is easy to solve
by only considering its advantageous and disadvantageous. After the course, this
participant considered the impact of nuclear power plant on specific issues such as
health, economy, environment, and society. Correspondingly, his reasoning for
complexity changed. He did not think any more that the problem can be solved
without having troubles. He even emphasized that it should not be decided quickly
because of its impacts on different agents. However he could not discuss them in
detailed. Therefore this participant was assigned to level O for his pre answer and a

level 2 for his post answer on depth rubric.

Another participant stated that

15-1: Two sides have strong supports. | mean there are people who
want the construction of NPP and who are against it. For NPP, instead
of Akkuyu, we may find another place which does not have a lot of
livings. | mean a rural place far from people, livings etc.

15-2: Well 1 think difficult. It has many disadvantages compared to

advantages. It will meet the energy need to a large amount. This is its
positive side. However we should think the harm given to environment.
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There are radioactive materials released from NPP. Their effects last
for long years because of the life time of radioactive elements. They
continually release radiation. This is so bad. People can get radiation
directly. They also can get radiation through their foods because the
food also keeps radiation and this gives double harm to the people.
Nuclear waste is really dangerous. We should keep them underground
but how? We do not have necessary equipments and these also cost too
much and then we should keep them under control for years. | am not
sure that Turkey can do this. In this problem, everyone is right actually.
Government wants to get bigger and bigger and so just focus on
economy and ignores other issues. This is what developing countries
do. The energy is required to develop. But on the other hand, there is a
group of people trying to protect natural life, the health of society, the
ecological system.

This participant offered a level 1-response during pre assessment and a level 3-
response during post assessment. Before the course he seemed to recognize
complexity but could not state and discuss the reasons for it and provided a simple
and illogical solution. After the course, however, he showed understanding of
complexity, presented various sources, and argued on them for complexity. He not
only referred to these sources but also provided rich, valuable information
including complex relationships among them. For example he talked about
radioactive materials and further commented on why they are so dangerous. At this
point he referred to half-life of radioactive materials and emission of radiation
during this period. His post answer to the question was really reasonable and
satisfactory for reasoning on complexity. Therefore he was assigned to level 3 by
providing not only source for complexity but also further explanations, evidence

and justification for it.
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4.1.1.3 Comparison of PSTs’ Reasoning for Complexity According to Breadth
and Depth rubric

At this point it is important to compare bread and depth rubric scores before and
after course. Before course 12 (50%) PSTs had a view about complex nature of the
issue and provided at least one source for why solving nuclear power problem is
difficult (at level 2, 3 or 4) according to the breadth rubric. When PSTs’ pre-
interviews were analyzed according to depth rubric, it was found that none of those
PSTs could achieve reasoning for the relation between the sources they presented
and the complex nature of nuclear energy. After the course, 22 (92%) PSTs
provided at least one source for complexity according to the breadth rubric (at level
2, 3 or 4). Depth rubric analysis showed that 14 (58%) of them presented not only
sources for complexity but also offered reasoning for the relation between the
sources and complex nature of the issue. As a result, depth rubric allowed us to
differentiate the individuals who can connect the sources and complexity through
rich, in-depth and justified reasoning from the individuals who can only list the
sources for complexity. In a general sense, the result showed that almost all PSTs’
participating in the SSI-focused course comprehended the complex nature of the
issue and provided sources about it. Moreover more than half of PSTs did not only
site reasons but also argued on them with detailed explanations. This is a
substantial change if it is considered that none of the PSTs could achieve it before

course.

The following quotes from interviews show how PSTs’ reasoning for complexity

differs according to the breadth and depth rubric. I will compare the post responses
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of participants 4 and 12 (4-2 and 12-2) which were given above. Two participants
were assigned to level 4 according to breadth rubric. That is they both recognized
the complexity and provided reasonable sources for it. However participant 4
evidently shows a deeper reasoning for complexity and its sources. This was
captured by depth rubric and participant 4 was assigned to level 3 while participant
12 was assigned to level 2 according to the depth rubric. Although both participants
emphasized the impact of nuclear power plant on similar issues like environment,
people, health, energy need, economy, participant 4 provided a good analysis and
evaluation of them and further related concepts. For example they both discussed
that nuclear power is beneficial for economy and energy need. The difference
between two answers was that participant 4 stated why it provides more energy and
how the cost will decrease by constructing a nuclear power plant. He provided
scientific knowledge to explain how nuclear power plant produces more energy.
Therefore participant 4 provided higher level of reasoning than participant 12. This
difference was also observed among other participants and other dimensions which
were given in following sections. To remind, this was the reason for the researcher
to develop a second rubric (i.e. depth rubric) that represents the data better.

4.1.1.4 Interpreting the Composite Scores of PSTs’ Breadth and Depth
Reasoning for Complexity

In this study, the combination of PSTs’ breadth and depth scores were converted
into an eight point ordinal scale for interpreting breadth and depth scores together.
Since breadth and depth rubrics were related to each other, it was reasonable to

combine them. The depth rubric was prioritized in composite scores (see chapter 3
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for details). The investigation of composite scores for complexity aspect suggests
that PSTs performed better for breadth and depth rubric after the course. The
descriptive statistics for combined depth and breadth rubric scores before and after

course were displayed in Figure 4.3.

Comparison of Combined Complexity Scores
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Figure 4.3 Frequency of PSTs in Each Level for Complexity Composite Scores
before and after the SSI-Focused Course

In Chapter 3, the eight-point scale was explained in detail. To remind briefly, each
point in the scale has a corresponding depth and breadth score. For example the
point one refers to the level zero in both breadth and depth rubric. Point 1 means
that individuals cannot recognize the complex nature of the issue and offer
simplistic, illogical solutions for the issue at hand. The lower points in eight-point
scale refer to low level reasoning while higher points refer to more complex and
sophisticated reasoning. At the outset of the study, a majority of PSTs presented

low level reasoning according to the composite scores (see Figure 4.3). The number
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of PSTs in low levels decreased after implementation and PSTs provided more
complex and sophisticated reasoning. In order to investigate the magnitude of this
difference, Wilcoxon signed rank test was performed on composite scores (see

Table 4.1).

Table 4.1 The Change in the PSTs’ Composite Scores for the Complexity

Change for Complexity
Z-Value -4.029

A Wilcoxon Signed Rank Test revealed a large effect size in the composite
complexity scores of participants after the course when compared with the scores
before the course, z = —4.03, r=.58. The median score on the complexity increased
from pre assessment (Md= 2.5) to post assessment (Md= 7.0). This result enables
researcher to conclude that PSTs recognized the complex nature of the
socioscientific issues and their reasoning is more sophisticated after they
participated in the SSI-focused course.

4.1.2 Understanding that SSI is Subject to Ongoing Inquiry during Pre and
Post Assessments

Inquiry is essential feature of SSI. Discussion of SSI requires ongoing inquiry since
a part of information about SSI is always lacking and need to be searched. The ill-
structure nature of SSI makes it complex and open to gathering additional

information from a variety of sources in every step of decision-making process.
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This part of the chapter gives quantitative and qualitative results for inquiry aspect.

It is organized according to the breadth, depth and composite scores on inquiry.

4.1.2.1 Comparison of PSTs’ Reasoning for Inquiry According to Breadth
Rubric

Comparison of Inquiry Breadth Scores
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Figure 4.4 Frequency of PSTs in Each Level Regarding Inquiry-Breadth before
and after the SSI-Focused Course

The bar graph in Figure 4.4 showed that the number of PSTs in low levels reduced
while the number of PSTs in high levels increased after the course based on the
breadth rubric. Before the course 3 (13%) PSTs did not state the need for additional
information and 9 (38%) PSTs only recognized the need for more information
without identifying any specific lines of information. Six (25%) PSTs provided
only one specific line of information and 3 (13%) presented two lines of
information. Three (13%) PSTs could give three or more specific lines of
information and assigned a level 4 which is the highest level in inquiry. After the

course, there were no PSTs in level 0 and 1 which means that each PST recognized
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the need for more information and asked for at least one specific line of inquiry.
Three (13%) PSTs asked for more information including one specific line of
information. Eight (33%) PSTs required two specific lines of information and 13
(54%) PSTs talked about three or more lines of information in solving the nuclear
power problem and they were assigned the highest reasoning level. They all talked
about the inadequacy of the information given in the case to solve the problem and

stated what information they need before making a decision.

PSTs’ were asked following question in order to evaluate their reasoning for
inquiry “If you were the one deciding how to resolve the Akkuyu Bay situation,
would you need additional information before making your decision? What kinds
of additional information would be necessary for you to make a decision regarding
the Akkuyu Bay situation?”” PSTs’ responses to the questions were assessed based
on whether they make decision on according to the information given in the case,
or they were able to evaluate that information and recognize the need for other
information. To exemplify, the 17" participant’s answer for the question during pre
and post interviews were given below.

17-1: Some alternative places for NPP can be mentioned. Public should

be informed about NPP. Some people protest it without knowing

nothing but some knows about NPP and do not want it. The ideas of

these people can be mentioned.

17-2: Detailed information is required. Geological background should

be mentioned, for example. Earthquake is biggest enemy of NPPs. |

need more information about NPP. This is like newspaper article. For

example what disadvantageous NPP has? What about the rate of decay
of radioactive materials and how long is required for them to be stable
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without releasing radiation. How ecosystem is affected? It will be better
if these are considered.

This participant provided a level 2 response during pre interview. He requires
information about alternative places for nuclear power plant construction. He was
assigned to level 4 based on his post interview responses. In the post interview this
participant explicitly stated the need for more information and several specific lines
of information. He asked about geological background of Akkuyu, radioactive
materials, and the effects on ecosystem. The difference in his pre and post
responses showed the improvement in his reasoning. Although he also specified
one specific line of information during pre interview, his post answer reveals that

he was more informed about Akkuyu and requires more reasonable information.

The following participant exemplified level 0 and level 4 responses for pre and post
interviews respectively. This change was substantial since he could not realize the
need for more information before the course but he could perform better after the
course. He both realized the need for ongoing research and required specific lines
of information before making a decision. This shows that he was able to analyze
and evaluate the information given in the case and identified the necessary but

lacking information.

2-1: It seems enough. If I were, I will not construct it.

2-2: | need extra information of course. These are so superficial. | want
to learn earthquake risk of Akkuyu. I want to learn how much
radioactive material will be released and how the level of radiation
affects people and livings. What people think about NPP? They want it
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or not. How will it affect environment and species? Lots of things I
need. | want to learn the amount of money to construct it, to deal with
nuclear waste, to maintain it, to deconstruct it when it is shut down
because we learned that it has a life time and cannot work forever. So
these are needed to be investigated in detail to construct or not to
construct it. We should know whether it is worth doing or not. And also
| want to compare the energy produced with NPP and other power
plants. Actually 1 want to compare NPP and other power plants in terms
of all their advantages and disadvantages.

It was clearly evident in the post interview response that this participant was able to
admit that the given information was not enough to make a decision and identify
necessary information for the solution of nuclear power crisis. He particularly
referred to earthquake risk in Akkuyu, radiation problem, the effects of
environment and livings, the cost for construction and deconstruction, the amount
of energy and comparison with other energy sources. These were all logical and

realistic views.

The participant below was assigned to level 3 and level 4 for his answers before

and after the course respectively.

4-1: Of course | need more information. How is it constructed? What
happens in case of an accident? | need detailed information. What
happens to the regions after constructing NPP? These should be
investigated.

4-2: 1 need a serious research. Well, it says we have insufficient energy.
First I will investigate how much energy we need and can we meet it
through other energy sources. We can really have energy need because
our population increases and we develop in industry and technology.
Then | search for NPP worldwide. What happened in countries where
NPP was constructed? What happened to environment? Species may
become extinct. Plants, foods may get radiation. | read that after
Chernobyl, tea and nuts were radiated in Black Sea region. | will also
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search Akkuyu. I do not know if it is in earthquake zone. If so, this may
cause accidents and leakages. | also want to know the thoughts of
people living there about NPP. It directly affects people. They may
want since you know it creates jobs opportunities. Or they may not
want since bad experience in the past. What else? I think that’s all. I
communicate with economists, environmentalists, citizens. This is so
important to make a decision which could be doing it or not.

He was already able to recognize the need for ongoing research and provided
several lines of information during pre interview. He added more lines of
information to his answer during post interview and performed a better analysis in
terms of the kind of information. In his prior answer, participant 4 was seeking for
more general information about nuclear power when compared to the post answer
such as the results of an accident in nuclear power plant. His answer after the
course refers to more specific information about nuclear power such as the impact

of nuclear power plant on species, plants, and food.
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4.1.2.2 Comparison of PSTs’ Reasoning for the Inquiry According to Depth
Rubric

Comparison of Inquiry Depth Scores
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Figure 4.5 Frequency of PSTs in Each Level Regarding Inquiry-Depth before and
after the SSI-Focused Course

Figure 4.5 compared the number of PSTs in each level before and after the SSI-
focused course for inquiry aspect based on depth rubric. It suggested that PSTs’
were more likely in low level for inquiry before the course. Three (13%) PSTs
stated that the given information is enough and there is no need to get additional
information in solving the problem. Nine (38%) PSTs realized that the information
is not sufficient to solve the problem but could not mention about what information
IS necessary more. Half of PSTs offered level 2 responses which include the
recognition of inquiry and presence of specific lines of information. Level 3
responses were not observed before the course like in complexity dimension. This

level refers not only understanding the need for ongoing research in solving such
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problems but also underlines the reasoning for why more research and information

IS necessary (see chapter 3 for rubrics and level explanations).

After PSTs participated in the SSI-focused course, their reasoning for inquiry
aspect showed improvement and 18 (75%) of them offered level 3 responses. They
not only stated the need for more information including specific lines but also
examined them for its relation to nuclear power plant. For example one PST asked
about whether Akkuyu is in earthquake zone and then referred to some
consequences due to earthquakes in nuclear power plant region. Remaining 6
(25%) PSTs offered level 2 responses which include the recognition of inquiry and
presence of specific lines of information without tying them to any reason,

evidence or justification.

The qualitative data were also provided below to display the improvement in
participants’ reasoning for inquiry aspect according to the depth rubric before and
after the course. Following quote pair provides an example for the development of

PSTs reasoning for inquiry from level 2 to level 3 after the course.

23-1: Yes. Why Akkuyu? Is there a special reason for it? It can be
another place, more rural. There are many areas, not productive or
touristic. | need justification for Akkuyu so that |1 become convinced
otherwise | do not want it.

23-2: No, these are not enough to make a good decision. For example,
detailed information was not given about seismic stability. It is so
important for NPP to function safely and also for nuclear waste to be
stored in safe and not to be polluted with radioactive materials. How
radiation affects people and other livings. What levels of radiation are
risky for them? Up to a level it is not dangerous. We all get radiation
through roentgen but that is minimum and do not affect much. | also
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want to know how nuclear waste will be stored If NPP is constructed.
That is also highly radioactive and needs long years to decay. Half life
of uranium to decay is very long. | do not know the exact number but it
is really long. Turkey is not so careful about such dangerous things.
You know the nuclear waste tragedy in Istanbul and Izmir. Without
NPP, we have nuclear accident.

Participant 23 stated the necessity of extra information before making a decision
and specified one line of information during the pre interview. In post interview, he
was also aware of the lack of knowledge in the given scenario and refers to the
further information about seismic stability, radiation risk, and nuclear waste
problem. However he does not only refer to these specific lines of information but
also refers to further explanations and justification for them. For example, he
discussed seismic stability in Akkuyu including its importance for nuclear power
plant itself and nuclear waste to be stored safely. Moreover he was curious about
how nuclear waste will be stored because it is radioactive and remains as
radioactive for years. He was able to relate nuclear waste, radioactivity, decay and

half-life concepts. Therefore he was assigned to the highest level in depth rubric.

Recognizing the need for ongoing research was also evident in the following
participants’ quote. This participant was not able to comprehend it before course
but he was able to refer it with detailed analysis of information which was needed
for making decision.

9-1: According to me it is enough. It gives advantageous and
disadvantageous and then asks for what to do. That’s enough for me.
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9-2: Of course | need. For example it says there will be energy need but

we do not know how much? It is said that nuclear energy will be

cheaper than other energy sources but how much? Because some

nuclear energy opponents claim that nuclear energy is more expensive

since its construction was expensive and it should be deconstructed

which requires another costs. Moreover nuclear waste should be stored

and checked which means another cost. The information about how

nuclear waste will be stored is not given. This is a really serious

problem. They need to be stored in safe containers otherwise they can

mix with water which can be used in agriculture. Then people may also

get it. It mentions about seismic stability briefly. | really need the

seismic status of Akkuyu. In case of an earthquake nuclear power plant

can be damaged.
Before SSI-focused course participant 9 did not recognize the need for ongoing
research for solving such issues. He stated that he could make decision with the
given information in the case. After he participated in classroom discussions and
activities he provided a totally different answer. He was able to acknowledge the
importance of research in making decisions about SSI and presented specific lines
of information. He even displayed deep reasoning for them. For example he
discussed that nuclear power produces cheap energy but he underlines the cost for
construction and deconstruction of nuclear power plant, and also the storage and
control of nuclear waste. He performed same reasoning for nuclear waste and its
possible effects on agriculture and people. That is he evaluated the given
information well and the complex relations between causes and consequences.
4.1.2.3 Comparison of PSTs’ Reasoning for the Inquiry According to Breadth
and Depth rubric
When we compare breadth and depth rubrics scores before and after the course, it

was found that all PSTs understand the necessity for more information and

provided at least one specific line of information after course. Before course, 12
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(50%) PSTs were aware of the inquiry and discussed about at least one reasonable
line of information necessary to solve the issue. The depth rubric analysis revealed
that all of these 12 PSTs could only refer to that information rather than explaining
why they are needed. After the course all PSTs acknowledged that the information
presented to them to solve nuclear power problem is not sufficient and asked for at
least one specific line of information according to breadth rubric. However depth
rubric illustrated that only 18 of them presented further explanation, evidence or
justification to relate the need for information to the solution of nuclear power
problem; remaining 6 could not. As a result, depth rubric allowed us to differentiate
the individuals who can ask for more information including rich, in-depth and
justified reasoning (18 out of 24) from the individuals who can refer only to the

information (6 out of 24).

It will be better to exemplify the differences among PSTs’ reasoning for inquiry
according to breadth and depth rubric. The following quotes shows how PSTs’

reasoning was interpreted based on breadth and depth rubric.

6-2: It is not enough and | need more information. | want to learn more
about ecology in Akkuyu, seismic background of it. We learned that
seismic stability is required to construct a NPP otherwise it may be
dangerous. | also investigate if we really need energy. It is also
important to know our uranium resources. If they are not sufficient then
we may import it and this also requires a different budget. This may not
be beneficial because we want to construct NPP since it produces cheap
energy but if we do not have enough uranium then it does not produce
cheap energy. | also look for what we will do with nuclear waste. It is
another problem. Where will they be kept? They emit radiation for
years. We should bury them underground but we should also check
them regularly. If there is any leakage to underground water or the
place we bury is an earthquake zone then serious results occur. Ok we
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want to construct a NPP but we do not consider its waste. It is not like
domestic waste. So | should do research about nuclear waste and how
to deal with it. Of course | do not mean I will decide to construct it but
I will consider its advantages and disadvantages in terms of different
aspects and then | will think. I mean | will not decide quickly.

10-2: There is. Information should be collected on how much energy
need Turkey has. Then | need the data for how much harm coal plant
gives. The comparison of different energy sources in terms of their
efficiency should also be given. If NPP is constructed, what

advantageous and what disadvantageous it will have. | need detailed
information.

Participant 6 and 10 were assigned to level 4 based on breadth rubric because they
were both aware of the need for ongoing research and provided three or more
specific lines of information to decide on nuclear power plant issue. The
information they provided was reasonable and useful. However, at the first glance,
it was obvious that participant 6 made deeper explanation and evaluated the
information critically because he did not only identify specific lines of information
but also provided why those information were needed for deciding a decision about
nuclear power. Therefore he was assigned to level 3 according to depth rubric
while participant 10 was assigned to level 2 according to same rubric. Participant
10 also acknowledged the need for inquiry and stated some of the specific
information but his answer lacked further explanations, justification or evidence for

it.

4.1.2.4 Interpreting the Combination of PSTs’ Reasoning for the Inquiry
PSTs’ breadth and depth scores for inquiry were paired and assigned a point from 1

to 8 in the same way it was done for complexity. Figure 4.6 presents the
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frequencies for each point in the scale. It is clearly evident that PSTs could not
show sophisticated reasoning for inquiry before they participated in the course and
they were all gathered in lower points (below 5). The composite scores after the
course revealed that PSTs were mostly assigned level 4 and above. Their reasoning
for inquiry showed improvement after the participation in the classroom

discussions and activities.

Comparison of Combined Inquiry Scores
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Figure 4.6 Frequency of PSTs in Each Level Regarding the Inquiry Composite
Scores before and after the SSI-Focused Course

To investigate the magnitude of the change in PSTs’ inquiry, Wilcoxon signed rank

test was conducted. The results were given in Table 4.2,

Table 4.2 The Change in the PSTs’ Composite Scores for the Inquiry

Change for Inquiry
Z-Value -4.308
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A Wilcoxon Signed Rank Test revealed a large magnitude of difference in the
composite inquiry scores from pre to post assessments, z = —4.31, r = .62. The
median score on the inquiry increased from pre assessment (Md= 2.5) to post
assessment (Md= 7.0). This result enables researcher to conclude that PSTs
understood that SSI is subject to ongoing research their reasoning regarding inquiry
aspect of SSR was more sophisticated after they participated in the SSI-focused
course.

4.1.3 Examining SSI from Multiple Perspectives during Pre and Post
Assessments

People have different opinions, ideas, biases, background and experience in
different areas. This variety results in people looking socioscientific issues from
different perspectives. Therefore a variety of solutions is inevitable when a group
of people try to solve it. Perspectives should be considered carefully in
socioscientific argumentation and individuals should be aware of different
perspectives and biases of people. This section portrays both the guantitative and
qualitative results for perspectives aspects according to the breadth, depth, and
combined scores as well as PSTs’ responses from interviews.

4.1.3.1 Comparison of PSTs’ Reasoning for the Perspectives According to
Breadth Rubric

The analysis of PSTs’ pre-interviews based on breadth rubric for their reasoning on
multiple perspectives revealed that 1 (4%) PST could not recognize that different
groups may have different views and interpret the issue based on their views (see

Figure 4.7). Three (13%) PSTs realized that there can be differences in views of
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different groups but could not offer real analysis for them. The real analysis means
that PSTs can provide some claims or opinions in consistent with a given
perspective. Six (25%) PSTs had a view that multiple perspectives exist among
groups and could provide real analysis for one perspective given them. More than
half of PSTs (14 PSTs, 58%) also appreciated the differences in individuals’ ideas,
thoughts, and views. Half of them analyzed and explained two given perspectives
plausibly and the rest could perform real analysis for three given perspectives. The
analysis of post-interviews for breadth rubric displayed that all PSTs recognized
the varieties in opinions and views and presented ideas for at least one given
perspective. One PST could do this explanation for one perspective, 4 (17%) PSTs
for two perspectives, and 19 (79%) PSTs for three perspectives. The analysis of
breadth rubric provided us valuable information about PSTs’ examination of the
nuclear power from different views and their understanding of the nature of SSI as

multiple perspective-taking.
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Comparison of Perspectives Breadth Scores
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Figure 4.7 Frequency of PSTs in Each Level Regarding Perspectives-Breadth
before and after the SSI-Focused Course

To exemplify PSTs’ reasoning for multiple perspectives, the following qualitative
data was presented. For this aim, participants were provided with a scenario which
was about the Akkuyu citizens’ suggestion of the use of wind and solar energy
instead of nuclear power and they were asked about the reactions of government,

nuclear energy proponents and environmentalists to this suggestion.

2-1: Government, nuclear energy proponents and environmentalists
will react in a different way but government and nuclear energy
proponents can share some common views. Government does not
probably support the Akkuyu citizens. Environmentalists support the
Akkuyu citizens. As far as | know wind and solar energy are not
dangerous. They do not do anything to livings. They will like this
suggestion. Nuclear energy proponents will ... 1 do not know how they
react.

2-2: They react differently, | think. Government and nuclear energy
proponents will not support the Akkuyu citizens while
environmentalists will support. They react different because they think
different. They have different reasons for NPP. This suggestion is not
the one that government will like. I mean wind and solar energy are
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renewable energy sources and they do not emit harmful gases. But
government would probably say that, we already have them in some
parts of Turkey but they are not sufficient and we need more energy for
now and for future. NPP produces more energy and it does not stop like
wind or solar. Therefore government does not want wind and solar and
try to convince people to have a NPP. Nuclear energy proponents also
may claim that wind and solar are not efficient as NPP so we should
construct NPP. Environmentalists support them because they are less
harmful. Ok wind turbines can be harmful for birds since we learned
birds cannot see them and crash them but I do not think they will give
more harm when we compare them with NPP. And nuclear energy
proponents may say that huge areas are required for them and even they
may not produce enough energy. But we have lots of empty areas and |
think that they should be utilized.

The participant 2 was able to recognize differences in opinions among them but
could not provide reasonable opinions associated with the given perspective before
the course and therefore assigned to level 1. On the other hand his post answer
revealed that he could recognize the differences in opinions and examine the issue
from multiple perspectives. As a result he was assigned to level 4 for his post
answer. At the pre interview, participant 2 referred to the differences in reactions of
government, nuclear energy proponents, and environmentalists to the nuclear
power plant construction but as it is evident in his answer, he could not provide
reasonable claims for why they think differently. For example he told that
government will not support the citizens but he could not evaluate it and could not
present claims or ideas in parallel with the perspective of government. This is also
true for nuclear energy proponents and environmentalists. During post interview,
he also referred to the differences in opinions of these three stakeholders. However,

this time, he was able to present ideas and opinions for each given perspective. For
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example he was able to claim that government does not support the citizens’
suggestion due to the huge amount of energy produced by nuclear power plant
when compared to the wind and solar energy. He also provided claims and ideas

for other perspectives and he could examine the issue from multiple perspectives.

Participant 6 stated that

6-1: | think there may be differences between them. | do not know
exactly how government reacts to this solution. But in my opinion, it
should focus on wind and solar. Akkuyu is in south part of Turkey and
it receives sunlight more and this can be a very good alternative. The
government should really pay attention to this. The local people are
right because they will live with NPP and their ideas are most
important. | wish nuclear energy proponents just look and say nothing.
Actually this solution is a very positive one. But you know there is an
opposing view that is NPP is better. They do not want wind or solar
energy since they support nuclear and they think we should have it
immediately to be a developed country. Environmentalists support the
citizens. Very clean and environmentally friendly energy will be
produced so they will support the Akkuyu citizens and will do
everything to protest NPP. Can you imagine? There is wind outside and
it blows whether you make use of it or not. Why should not we make
use of it? It is free in terms of source and you do not have to do
anything. Just wind comes and makes the turbines turn and you have
the energy. This is amazing.

6-2: They will react differently. Government thinks that NPP is
economic. They tell that we will have cheap energy, more energy and
there will be job opportunities. It will not pay attention to wind and
solar because wind and solar does not produce more energy like NPP.
They may say that constructing wind turbines and solar panels also
requires huge land areas and this also damages environment. And they
may claim that a minimum of wind is required to make the turbines
turn and produce electricity. However NPP is not like them. It produces
energy all time. Wind turbines and solar panels also require
maintenance and this has a cost too. Nuclear energy proponents may
claim that nuclear energy help Turkey develop more and be
independent. They say that wind and solar are not so environmentally
friendly since their construction also damages environment and some
birds crash the turbines and they may die. Nuclear proponents say that
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turbines also give harm to animals. When they broke down, to fix them
is also expensive. And they do not meet the energy need. They may be
helpful in local areas but for energy need across country, they are not
sufficient. The environmentalists will support wind and solar since they
are renewable energy sources. They may say that solar is the main
energy source for the earth and we should make use of it. They may
claim that wind and solar do not emit any gas to the atmosphere. Ok
they may require land areas to be constructed but they will say that this
will not give harm to people, environment, nature and animals as much
as NPP. The government and nuclear energy proponents may say that
the maintenance and repair of them is expensive. However they forget
that NPP also requires maintenance and when it breaks down, it may
cause serious problems. NPP is equal to radiation and the nuclear waste
is so dangerous even you cannot imagine. Nuclear waste should be
stored in safe places and checked regularly to prevent leakage. The
environmentalists claim that the government will not care about nuclear
waste in future and they will not check it regularly so we may face
more serious problems in future.

Participant 6 was assigned to level 2 and 4 before and after course respectively. He
focused on only one dimension of nuclear power plant which was environment and
examined the issue from this perspective before course. He could not anticipate the
reactions of government and nuclear energy proponents and stated that they should
also focus on wind and solar because of environmental reasons. It is acceptable that
nuclear power has environmental concerns but the multifacetedness of it should
also be considered for a more informed decision. His post answer was more
comprehensive in terms of different perspectives. The participant referred to the
claims that each stakeholder propose for nuclear power plant in parallel with the
perspective. For example he stated that government prefers nuclear power to wind
and solar because of the amount of energy produced and offered some counter

claims for other perspectives. For example he argued that wind and solar energy
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also damages environment and presented some justifications for this. He also
showed a similar reasoning for nuclear energy proponents and environmentalists by
proposing claims. As a result he showed improvement in his reasoning by
examining issue from multiple perspectives after the course.

4.1.3.2 Comparison of PSTs’ Reasoning for Perspectives According to Depth
Rubric

Comparison of Perspectives Depth Scores
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Figure 4.8 Frequency of PSTs in Each Level Regarding Perspectives-Depth before
and after the SSI-Focused Course

Figure 4.8 provides a comparison of scores obtained using depth rubric before and
after the course. Before the course one PST did not refer to multiple perspectives, 3
PSTs could value differences in opinions but could not perform analysis of these
opinions. Seventeen (71%) PSTs could understand the multifacetedness of the
nuclear power problem and provide claims or opinions for given perspectives. And

only 3 PSTs could provide reasonable claims with further reasoning for them. The
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analysis of post-interviews with depth rubric revealed that all PSTs gained a view
that nuclear power is multi dimensional and there are different views, perspectives
and ideas. Three of them could analyze the given perspectives and proposed some
claims and ideas for them. The rest, 21 PSTs, could also offer a real analysis
providing claims and opinions for different perspectives given but they also could
perform reasoning for those claims and opinions. They backed those claims with

scientific information.

These results were also supported with qualitative data. First, participant 6 (given
in previous section) was discussed. This participant was assigned to level 2 and
level 3 for his pre and post interview responses according to the depth rubric,
respectively. This means he was aware of the differences in opinions and he could
examine the issue from a given perspective. In his post answer, he could examine
the issue from multiple perspectives. That is he could provide claims and ideas
which are consistent with the given perspective and he could also reason for them.
For example he referred to nuclear energy proponents and said “They say that wind
and solar are not so environmentally friendly since their construction also damages
environment and some birds crash the turbines and they die”. He referred to both
one of the claims that can be proposed by nuclear energy proponents and the
underlying reason for it. He was able to tie the arguments of different stakeholders
with the backings for them. Another participant was also given below to illustrate

the deep reasoning for multiple perspectives.

135



15-1: They react differently because they focus on different things.
Government probably will think that how much they will cost [wind
and solar energy] since they are responsible to pay the cost, they will
think in terms of cost. The nuclear energy proponents may say that
there is global warming and we cannot guarantee wind or solar.
Environmentalists accept this since they [wind and solar energy] are
natural sources and they do not give too much harm to the environment.

15-2: They give different reactions. Government most probably will
think in terms of economy aspect of NPP and ignore others. Wind and
solar energy do not produce much energy. They are not so efficient.
They require more areas than NPP and they still do not produce same
amount of energy. Moreover wind turbines, for example require a
minimum level of wind to turn. If not, then they stop. | mean they do
not produce energy continually so they are not so effective to meet the
energy need of Turkey. These are what our government will say. The
proponents may also talk about how cheap electricity will be produced
and this will be reflected on bills. Some people believe that, | am sure.
They may claim that we do not have enough area for wind turbines and
solar panels to get the same amount of energy produced by NPP. They
require maintenance much more than NPP. They also damage
environment to be constructed. Environmentalists support the citizens
and their suggestions. Although government and nuclear energy
proponents may claim wind and solar is not sufficient and they are
costly, environmentalists may tell them how clean wind and solar
energy and do not threaten life of people, species.

Before the course, participant 15 was able to recognize that different people have
different opinions and ideas and he could state some ideas of government, nuclear
energy proponents and environmentalists in consistent with them. But there were
no any backing, justification or further explanation. This does not mean that he
could not reason but he could not perform a deep understanding. He offered a level
2 answer according to the depth rubric. In his post answer, he answered the
question including details, further explanation and the reason for different parties’

arguments. For example, in terms of government reactions to wind and solar
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energy, he emphasized the economical aspect of nuclear power and compared the
efficiency of nuclear energy with wind and solar energy. He referred to minimum
level of wind required to make turbines work and produce electricity as a reason for
why wind is not efficient compared to the nuclear power. His reasoning for
multiple perspectives was more detailed and so he was assigned to level 3
according to the depth rubric. The above qualitative data also showed that the
participants’ reasoning for multiple perspectives improved after the SSI-focused
course.

4.1.3.3 Comparison of PSTs’ Reasoning for Perspectives According to Breadth
and Depth rubric

The comparison of breadth and depth rubric before and after the course can give us
a whole picture of the improvement. According to the analysis of interviews with
breadth rubric before the course 20 (83%) PSTs reported that they are aware of
different views and stakeholders and they stated claims for at least one of them.
The analysis of these interviews with depth rubric showed that 17 (71%) of these
PSTs could provide claims or opinions in parallel with the given perspective but
could not go beyond. Only 3 (1%3) of them discussed different perspectives
including their claims or opinions with further explanations, justifications or
evidence. The analysis of post interviews based on breadth rubric displayed that all
PSTs (24) were aware of differences in views or perspectives and exemplified at
least one of them. The investigation of post-interviews with depth rubric pointed

out that 21(88%) of total PSTs showed deep reasoning on different perspectives,
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not only provided the congruent claims with perspectives but also supported them

with rich, detailed information, backed with science.

Here the qualitative data was provided to demonstrate the differences between
PSTs’ reasoning according to the breadth and depth rubric. It was also
demonstrated how participants used scientific knowledge in justifying some of

their claims.

The next exemplar compared one of the participants’ reasoning according to the

both rubrics before and after the course.

4-1: Does our government really want to construct NPP in Akkuyu or
other countries force it. The government is controlled by other
countries and whatever they want, our government does. This
suggestion is good for public but I do not think government pays
attention to it. NPP can be better than wind and solar so they may want
it. Proponents may say that Akkuyu does not receive enough sunlight
and wind. Environmentalists take a bright view of it. Solar and wind
are harmless. They are natural. So they support the citizens.

4-2: Government wants to construct it ...You know the use of wind and
solar is not efficient because they do not give much energy in a short
time. Therefore the cost for their construction may not be so
economical. Their maintenance is also costly. Government may claim
that they also damage environment since large areas are required for
wind and solar to get the same energy as nuclear power plant supplies.
Wind turbines can be dangerous for birds since they may not see
turbines and crash or I read some news that wind turbines fell over,
blades flew off or there can be wind turbine fires...It supports NPP by
saying, it produces more energy because of the source and reactions
taking place in plant. The same amount of coal and uranium differ
significantly in producing energy but really significant. And NPP does
this in a smaller area not like wind and solar. Moreover its energy
production is continuous. Wind and solar depend on the climate, time
of the day, power of the wind or solar. They [proponents] think like
government. Suggest that construction for wind and solar energy is
costly but not efficient to produce more energy and to meet energy. It is
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not worth doing when you compare their cost and what you get from
them. Their maintenance is also costly and again you do not get enough
from them although you spend more but you get less. Require huge
areas and this means damaging environment and habitat loss and
degradation. Also they suggest that NPP do not release greenhouse
gases like coal and so it can decrease the impact of them. NPP produces
more in a small area and ...same things as government. Wind and solar
energy may stop sometimes. They are dangerous too accidents may
occur | just mentioned for government. They may talk more about
scientific aspect of NPP to produce energy. You know, uranium
bombarded with neutron and then this cause a chain reaction and huge
amount of energy obtained. They also do not support this suggestion.
They may also say that we already have wind turbines and solar panels
but these are not enough so more efficient one is necessary. We do not
totally ignore wind and solar but we need to get energy in high amount
in a short time, etc. They [environmentalists] directly focus on
environment. They argue that NPP cause loss of ecosystem, habitat
because radioactive waste are formed they release radiation for long
and they do not decay. | mean they have half-life for billion years. This
means the half of the initial amount decays for billion years but other
half remains. They argue wind and solar are not dangerous as NPP.
Some can be some disadvantageous, that is normal, but we cannot
compare with NPP in terms of disadvantage. Huge areas are required,
that is true, then let’s tell people the importance of energy and learn
how to use it efficiently. NPP produces more energy in a small area but
it makes very large bad impact. It is small but extremely dangerous. It
may prevent global warming but it gives harm to ecosystem, people,
animals, plants. | think they defend themselves in this way and support
citizens.

Participant 4 was assigned to level 4 and level 2 for breadth and depth rubric
respectively based on his pre-interview response. This is because he could mention
about ideas of government, nuclear energy proponents and environmentalists
reasonably. However, he could not provide further explanations and details for
justifying them. His post-interview response was assigned to level 4 and level 3 for
breadth and depth rubric respectively. He discussed the ideas and claims of each

given perspective and added the grounds for them. He sometimes used science
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content knowledge to justify his reasoning. For example he stated that nuclear
energy will produce much more energy because of the sources and reaction in the
plant. He also used science to back his ideas in explaining radioactive materials and
stated that they release radiation for long based on its half-life (time for a

radioactive material to decay to its half of starting amount).

The results showed that PSTs’ reasoning in terms of multiple perspectives

improved substantially after the SSI-focused course.

4.1.3.4 Interpreting the Combination of PSTs’ Reasoning for Perspectives

Based on the eight-point scale, Figure 4.9 compares composite scores at the
beginning and at the end of the SSI-focused course. Most of the PSTs were
assigned to points 3, 4 and 5 before the course. This shows that majority PSTs
could examine issue from at least one perspective but they could not provide

sophisticated reasoning for different perspectives before the course.

After the course, PSTs were mostly offered level 8 responses. The responses were
all above level 3 and up. The comparison of composite scores in terms of
perspectives allows the researcher to conclude that even though most PSTs
discussed the issue from different perspectives before the course, they could

provide rich reasoning about them only after the course.
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Comparison of Combined Perspectives Scores
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Figure 4.9 Frequency of PSTs in Each Level Regarding Perspectives Composite
Scores before and after the SSI-Focused Course

In order to determine the magnitude of the difference in PSTs’ reasoning for
perspective-taking, Wilcoxon Signed Rank Test was conducted. The result of the

test was given in Table 4.3.

Table 4.3 The Change in the PSTs’ Composite Scores for the Perspectives

Change for Perspectives
Z-Value -4.133

A Wilcoxon Signed Rank Test revealed that the magnitude of the difference
between PSTs’ pre and post assessments was large in terms of composite
perspective-taking scores, z = —4.13, r = .59. The median score on the perspective-
taking increased from pre assessment (Md = 4.0) to post assessment (Md = 8.0).
This result justifies that PSTs’ reasoning for multiple perspectives developed after

the course.
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4.2 Section Two: PSTs’ Socioscientific Reasoning after Phase 1 and Phase 2

In this section, how PSTs displayed improvement in SSR during the SSI-focused
course was reported. The results based on the performance levels identified in
breadth and depth rubrics were provided for the assessments after first and second

phases.

4.2.1 PSTs’ Socioscientific Reasoning after Phase 1

To remind briefly Phase 1 included teacher-led whole classroom discussions, the
use of probing questions, the information presentation, debriefing sessions, and
second-order discussions. Teacher-led whole classroom discussions were held in
the context of STS, SSI, informal reasoning and nuclear power plant. Especially the
ones about nuclear power plant included the use of probing questions, information
presentation about it, debriefing sessions and second-order discussions. Instructor
utilized probing questions which emphasized different perspectives regarding
nuclear power plant. The aim of using these questions in teacher-led discussions
was to contribute to the PSTs’ reasoning in terms of multiple perspectives. During
discussions guided by these questions, instructor presented specific information
related to the nuclear power plant and the Akkuyu Bay where the power plant was
intended to construct. The historical information, expert views, research results and
scientific information were presented in the classroom. The aim of presenting a
variety of information was to help PSTs to recognize the need of ongoing research
during negotiation of SSI. After discussing each probing question integrated with

information, debriefing sessions were carried out. These sessions were kind of
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round-up of classroom discussions about nuclear power plant. In these sessions,
Instructor reexamined and described the main perspectives about nuclear power
plant discussed in the classroom; give the main information presented in the
classroom; and return to earlier subject of discussions. The aim of debriefing
sessions was to contribute to PSTs’ socioscientific reasoning in terms of
complexity, inquiry and multiple perspectives. Moreover second-order discussions
which allow PSTs to think at a more abstract level and transfer their socioscientific
reasoning to other socioscientific issues were carried out by the instructor.
Instructor performed discussions to segue into theoretical issues about SSI from
nuclear power plant; makes the characteristics of SSI more noticeable, makes
general statements about the complexity, inquiry and multiple perspectives aspects.
These discussions also intended to contribute to PSTs’ socioscientific reasoning in

terms of complexity, inquiry and multiple perspectives

After phase 1, PSTs’ socioscientific reasoning was assessed. An investigation of
the data revealed that PSTs’ improved their socioscientific reasoning as compared
to pre assessment results. In the following part, frequencies of PSTs in levels based
on combined scores regarding complexity, inquiry, and multiple perspectives were
provided respectively. The frequencies in the assessment after phase 1 were
presented as compared to the pre assessment. Related excerpts were provided for

each aspect of socioscientific reasoning.

Regarding complexity, the bar graph in Figure 4.10 reveals the number of PSTs in

levels on composite complexity scores after phase 1.
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Figure 4.10 Freng(;:oci;svs;; PSTs in Levels Regarding Complexity Composite
Scores after Phase 1

After phase 1, among 24 participants, data analysis indicated that 5 PSTs assigned
to level 1 were not able to talk about complex nature of the issue and considered
the nuclear power plant as a simple problem which can be solved easily. This
number was 6 during the pre assessment. However as compared with the pre-
assessment the number of PSTs assigned to levels two or three decreased while the
number of PSTs assigned to levels four, five and six increased. As the case in pre-
assessment, there were no PSTs in levels seven and eight after phase 1. The
following excerpts exemplify the PSTs’ reasoning in terms of complexity after

phase 1.

For example, the following PST still believed that nuclear power plant is not

complex.

Nuclear power is not complex and challenging. Each country should
get it.
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The PST below also did not consider nuclear power as a complex and controversial
issue after phase 1.

It is not complex. Using a car in daily life is also dangerous if you are

not careful.
The number of PSTs assigned to levels 2 and 3 was six and five during pre
assessment respectively. On the other hand there were four and three PSTs in levels
2 and 3 after phase 1 respectively. This means that the PSTs who recognized the
complexity associated with SSI without identifying any sources decreased after
phase 1 while the PSTs who recognized the complexity and provided sources for
complexity increased. Moreover they could identify more than one source after
phase 1 as indicated by the increase in the number of PSTs assigned to level four
and five. However among 24 PSTs, only 1 PSTs could provide detailed explanation

for one source for complexity.

To exemplify, the following PST was able to talk about complexity associated with
nuclear power plant and provided one source for it.
Construction of nuclear power plant is a challenging problem due to
safety issues.

Another participant was able to talk about two sources for complexity after phase 1.

Nuclear power plants have both positive and negative sides. It may
provide more energy but it causes bad results for environment.
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Two PSTs provided three sources for why nuclear power is complex after phase 1.
They referred to economy, society, and environment which makes nuclear power
plant complex.
Many living things and environment will be under danger. Radioactive
waste will be produced. It is good for economy but people,
environment, and ecosystem will be affected negatively. Thus it is
challenging to construct.
Only one PST provided detailed explanation and justification when talking about
why nuclear power plant is a complex issue to solve.
Yes it is complex. In this problem, there are two sides: supporters of
nuclear power plant construction and opponents of it. Supporters say
that to have enough energy we need it. On the other hand, opponents
argue that this is very harmful for ecology due to nuclear waste. These
nuclear power plants use uranium as a source and it is radioactive

which releases radiation for long years because it has a very long half
life.

Regarding inquiry, the bar graph in Figure 4.11 displays the frequencies of PSTs in

levels based on combined inquiry scores after phase 1.
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Combined Inquiry Scores after Phase 1
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Figure 4.11 Frequency of PSTs in Levels Regarding Inquiry Composite Scores
after Phase 1

All PSTs were able to talk about the need for more information to negotiate and
resolve nuclear power plant and provided at least one specific line of information
necessary for negotiating and resolving nuclear power plant. During pre
assessment, among 24 participants, half of them were assigned to levels below
level 3. However after phase 1, there were no PSTs under level 3. Moreover the
number of PSTs at levels 4 and 5 increased. During pre assessment, none of the
PSTs offered responses above level 5. On the other hand after phase 1, one PST
provided further explanations and justification and therefore assigned to level 6. To
exemplify, the PST below stated the need of information in deciding the
construction of nuclear power plant and provided more than three specific lines of
information without further explanations therefore he was assigned to level 5 after

phase 1 in terms of inquiry aspect.
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| would obtain information about its cost, our uranium source, how we
will store nuclear waste, whether we have enough nuclear engineers or
other staff.

The following PST also expressed that the negotiation and resolution of nuclear
power plant requires ongoing research and talked about two specific lines of
information to be needed in decision making process. He could display higher level
of reasoning on the energy gap in Turkey and therefore assigned to level 6 in terms

of inquiry after phase 1.

According to the proponents of nuclear energy, Turkey’s high rate of
economic growth and surging population has led to sharp increases in
the demand of energy. It is true that increase in population will lead to
energy need. There should be research on how much energy Turkey
needs now and within the following years. The amount of energy
produced by hydroelectric, solar energy, wind energy, geothermal
energy should be calculated. How much energy was lost during
transportation should also be investigated. The numbers of energy gap
calculated by different institutions are very different from each other.
There is something wrong about this information and should be
carefully searched before deciding the construction of nuclear power
plant.

Regarding multiple perspectives, the bar graph in Figure 4.12 reveals the number

of PSTs in each level on combined perspective scores after phase 1.
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Combined Perspective Scores after Phase 1
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Figure 4.12 Frequency of PSTs in Levels Regarding Perspectives Composite
Scores after Phase 1

After phase 1, all PSTs were able to recognize differences in opinions. During pre
assessment, there were more PSTs assigned to level 5 and below. However, after
phase 1, a majority of PSTs displayed reasoning at level 5 and above. There were
already one PST at each level of 6, 7, and 8 in pre assessment. But as seen in the
bar graph in Figure 4.12, the number of PSTs in these levels increased. This
indicates that more PSTs were able to recognize the differences in opinions and
could offer real analysis for multiple perspectives. Moreover half of them could
also provide further explanations and justifications in parallel with the analyzed

perspective and therefore were assigned to levels 6, 7, and 8.

A majority of PSTs were able to focus on the different perspectives before making

a decision on nuclear power plant. For example the following PST stated that

149



Nuclear power is a controversial issue. In deciding the construction of
nuclear power plant, many issues should be considered because it has
many advantageous and disadvantageous. Some say that it is safe,
cheap, and clean energy source to reduce global warming. But others
claim it is not. The safety is a problem and radioactive waste
management is also a problem.

The above PST referred to safety, cost, global warming and waste management
issues that should be considered before constructing a nuclear power plant. He was
able to link the nuclear power plant as an alternative energy source for reducing

global warming. Therefore he was assigned to level 6.

The following PST was also able to talk about the perspectives while discussing his
personal decision for the construction of nuclear power plant. He could talk about
the impact of nuclear power on environment, economy, and society with further

explanations and was assigned to level 8.

If 1 were responsible in construction of nuclear power plant, I would
investigate different views in terms of environment, economy, and
people. | think nuclear power plant is not clean as thought. The
proponents of nuclear energy say that it is clearer than other energy
sources, but its waste are very harmful for the nature and future
generations. The waste of nuclear power plant is stored underground,
and it affects the nature for long years due to long half life of
radioactive materials. It is also not safe. It destroys nature. Producing of
nuclear energy had risks in transporting, processing and storing. It also
needs to be removed when it completed its life. It is also no t
economical. The proponents claim that Turkey has a potential for
thorium reserves and it has 380000 ton thorium reserves. However it
has not turned into nuclear fuel. This makes Turkey dependent on other
countries for technology which converts thorium into usable form for
nuclear power plant. It has also impact on livings. Nuclear waste is
radiating alpha, beta or gamma rays to be stable and this causes cancer.
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The following PST also talked about economical, environmental, societal and
political perspectives associated with nuclear power plant. He could make a
detailed analysis in terms of each perspective and provide justifications for his
explanations. Therefore he was also assigned to level 8 after phase 1. The excerpt
below presents his explanations about the economical perspective of nuclear power

plant. He could show a similar high level reasoning for other perspectives.

It is said that nuclear energy is cheap, when it is compared with other
energy sources since we can obtain high amount of energy with small
amount of uranium. For instance, one kg of uranium gives 500000 kw/h
energy while one liter of petroleum gives 4 kw/h. Moreover Turkey has
its own uranium and thorium resources and Turkey can get cheaper
energy. However, there is other side of the issue; it is not cheaper as it
is seen. Since in order to build a nuclear power plant, we must pay high
amount of money. Moreover, after completing its life, high amount of
money is needed to dismantle a nuclear power plant and after that we
will face another problem which is nuclear waste. In addition to this, it
is too expensive to repair a failure; for instance, failure at Bruce and
Pickering reactors due to axis slip, calandria tubes were repaired with
1.5 billion dollars per plant.

Another PST reflected on the political aspect of nuclear power plant in terms of
reducing Turkey’s dependence on foreign countries for energy. He was good at
analyzing this aspect with detailed explanations. He was assigned to level 6 after

phase 1 in terms of multiple perspectives.

We are using natural gas from Russia and Iran and petroleum from
Irag. Thus, fluctuation price of natural gas and petroleum affect
Turkey’s economy in a bad way and these countries can cut the energy
sources if there is a conflict between them and Turkey. Moreover,
Turkey has uranium and thorium sources which can be used during 40-
50 years. Therefore it is thought that nuclear power plant reduces
Turkey’s dependence on foreign sources. However uranium has to be
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enriched before using and this technology is not found in Turkey. So
Turkey will pay for this. There is a reactor type which uses natural
uranium but its cost is high, and it is new technology. Moreover,
Turkey has thorium more than uranium, but there is not a reactor which
uses thorium to produce energy. In addition to this, after 40-50 years,
uranium sources will be consumed and Turkey will again become
dependent country.

The above PSTs’ quotations revealed that after phase 1, PSTs realize complexity,
the need of ongoing inquiry and different perspectives associated with nuclear
power plant. PSTs showed more notable improvement in multiple perspectives
aspect since the number of PSTs at levels 6, 7, and 8 were more when compared to

other aspects.

4.2.2 PSTs’ Socioscientific Reasoning after Phase 2

Phase 2 included teacher-guided group activity in which PSTs were involved in a
decision making activity about nuclear power plant as a group. During this activity,
four groups of PSTs concentrated on different perspectives related to nuclear power
plant. Three groups concentrated on economy, environment and science aspects of
nuclear power separately. The fourth group discussed nuclear power plant in terms
of all perspectives. In this phase, PSTs discussed advantageous and
disadvantageous of nuclear power plant in terms of economical, environmental,
political, and societal perspectives. They examined the nuclear power plant from
different perspectives and the possible solutions were based on different criteria
suggested by different perspectives. They judged the information they learned in

previous classroom discussions and classroom readings about nuclear power plant
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and stated the need for extra information for decision making about the
construction of nuclear power plant. PSTs expressed dissatisfaction when they deal
with the information about nuclear power plant. As a result they obtained
information about nuclear power plant through different sources such as internet,
readings or they ask instructor. Finally they displayed multidirectional thinking
process while making decision about the construction of nuclear power plant. As a
result, PSTs struggled in making decision about the construction of nuclear power

plant.

After phase 2, PSTs’ socioscientific reasoning was reassessed. An investigation of
the data revealed that PSTs’ improved their socioscientific reasoning as compared
to results after phase 1. In the following part, frequencies of PSTs in levels based
on combined scores regarding complexity, inquiry, and multiple perspectives were
provided respectively. The frequencies in the assessment after phase 2 were
presented as compared to the results after phase 1. Related excerpts were provided

for each aspect of socioscientific reasoning.

Regarding complexity, the bar graph in Figure 4.13 reveals the number of PSTs in

levels on composite complexity scores after phase 2.
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Figure 4.13 Frequency of PSTs in Levels Regarding Complexity Composite
Scores after Phase 2

Data analysis indicated that almost all PSTs recognized the complexity associated
with socioscientific issues when compared to the results after phase 1. There were 5
PSTs at level 1 which means that individuals cannot recognize the complexity.
However after phase 2, this number was reduced to one showing an increase in
PSTs’ understanding that SSI is complex. More than half of the PSTs (15 PSTs)
were assigned to level 5 and above after phase 2 while this number was only three
after phase 1. This indicates that a majority of the PSTs participating in the SSI-
focused course showed improvement in their understanding that the nuclear power
plant is complex. They could also provide sources for why nuclear power is
complex with further explanations and justifications for linking those sources with

complex nature of the nuclear power.
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The following PST was able to mention about complex nature of the issue and
provide three sources for complexity without giving detailed explanations about
them. Thus he was assigned to level 5 after phase 2.

Discussing all different things made me think about how difficult to

make a decision about nuclear power plant construction in Akkuyu. |

can understand why it is decided to be constructed before 2000s but

still not constructed. It needs to be thought carefully not to harm

environment and livings on one side, also not to harm economy and
politics on the other side. So difficult and complex...

Another PST also referred to pros and cons of nuclear power plant and stated
complexity and difficulty in decision making about it. He talked about
environmental, political, and economical aspects without mentioning details about
them. Therefore he offered a level 5 response after phase 2.
Nuclear power plants are scientific environmental dilemmas and are
significantly hard to decide. | learned pros and cons of NPP
construction. I concentrated on environmental negative effects but there

are also positive effects for economy and politics. So it was difficult to
make a balanced decision among all dimensions.

Regarding inquiry, the bar graph in Figure 4.14 shows the number of PSTs

assigned to levels based on their combined inquiry scores after phase 2.
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A comparison of the results after phase 1 and phase 2 showed that after phase 1,
almost all PSTs were assigned to levels 3, 4, and 5. This means that they all
understood that SSI is subject to ongoing inquiry and provided specific lines of
information for resolution of a specific SSI. However, they could not reason further
why the information they specified in necessary after phase 1. When the results
after phase 2 were investigated, it was found that almost all PSTs displayed
reasoning at level 4 and above as seen in Figure 4.14. Moreover half of them
offered level 6 and 7 responses. This means that they could not only provide
specific line of information to negotiate and resolve SSI but also presented detailed
explanations and justifications for that information. As a result, it was clear that a

majority of PSTs showed higher levels of socioscientific reasoning after phase 2.

For example the PST below expressed that they needed more information and

searched for it through web. He was able to talk about the importance of seismic
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stability to construct a nuclear power plant. Based on his answer, he was assigned
to level 6 because he provided further explanations for the relation between nuclear

power plants and seismic background of the construction area.

There is one thing that | am unhappy about this issue. The information
about NPP varies greatly from one scientifically encountered article to
another. We could not decide which one to consider as reliable and to
use as evidence so we looked at internet for more information. For
example the suggested area is not suitable for the construction of
nuclear power plant. One of the criteria for selecting areas for nuclear
power plant was the seismic stability of the construction area. However
we found that Akkuyu Bay experienced earthquakes very close to it and
this may be a threat for nuclear power plant. Earthquakes can cause
nuclear accidents and leakages and can threaten the surrounding
ecosystem.

The PST below referred to getting information in resolving the controversial issues
and obtaining more information during the decision making process. His response
included detailed information about nuclear waste and safety issues. He was

assigned to level 7 after phase 2.

| realized that if there is a debatable issue, firstly | should get
information and investigate the issue and look for more information
during decision making as we did as a group because we are not
satisfied with information we already have. While we are focusing on
the impact of nuclear waste on environment, we only said that it is
dangerous for environment but the important point was why it is
dangerous. We searched and found that nuclear waste includes
radioactive materials emitting radiation until they are all consumed up.
However this is not a one or two day process because they have long
half life years. Nuclear waste has a great potential to threat both the
environmental security and diversity. Nuclear waste must be cooled
first and then put under the ground. It must be checked about 300 years
in order to avoid any leakage of radiation.
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Another PST below reflected on the obtaining more information through internet
because of the fact that they may not know some information. He referred to the
need of information in terms of different perspectives and provided a level 5
response in terms of inquiry after phase 2.

To make decision about nuclear power plant, a great deal of

information is necessary. And still there can be many unknown too. So

as a group we searched for more through internet and discussed them.

To decide for the construction of nuclear power plant, we needed

information from different perspectives such as environmentalists,

scientists, economists. Some people claim that nuclear energy is safe,
cheap, and clean but we should learn about it from the experts.

Regarding multiple perspectives, the bar graph in Figure 4.15 shows the number of

PSTs assigned to levels based on their combined perspectives scores after phase 2.

Combined Perspective Scores after Phase 2
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Figure 4.15 Frequency of PSTs in Levels Regarding Perspectives Composite
Scores after Phase 2
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After phase 2, among 24 participants, all PSTs valued the differences in opinions
among individuals. This was also the case after phase 1. However the number of
PSTs who both recognized the differences in opinions and analyzed the given
perspectives with further explanations and justifications increased as compared to
the phase 1. The number of PSTs assigned to levels 6, 7, and 8 increased from 11
to 19 PSTs after phase 2. This shows that a majority of PSTs recognized and stated
differences in opinions and interests and further explanations, justification or

reasoning for them.

The below excerpts show that PSTs showed a great understanding about different
perspectives, interests, and ideas in discussing SSI. All participants referred to the
role and necessity of multiple perspectives in making decision about SSI in their
reflection papers. Then they were able to talk about different perspectives and their
ideas. Therefore most of them were assigned level 6 and above after phase 2
regarding multiple perspectives. To exemplify, the below PSTs stated that
| realized that each group may evaluate this issue from different
perspectives based on different criteria. For example environmentalists
explained their ideas with respect to ecological and environmental
aspects. Because the criteria differ, their final conclusions differ and |
learned that the reason of reaching different conclusions may result
from looking different perspectives or using different criteria. | also

learned that such an important decision that would seriously affect
citizens requires different perspectives to be discussed and evaluated.
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Another PST reflected on the multiple perspectives as

While we are making a decision on nuclear power plant, | realized that
there are different ideas about the topic. We had a chance to learn
different views about it and to discuss good and bad things about it. For
example we learned that it has not only environmental aspect but also
economical and political aspects. Because we generally hear about the
bad effects of nuclear power on environment and people. | was a great
opponent of nuclear power. But now | can also think other perspectives
and make a more balanced decision.

The following PST also talked about different perspectives of nuclear power plant.

There are many aspects of nuclear energy such as environment,
economy, and health. Decision makers should not bear ideas and
evidences of only one side. They should gather information, ideas, and
evidences from each group in order to make an effective decision. The
ideas of each side have both weaknesses and strengths. The role of
decision makers is to make balance between them.

The PST below stated the importance of multidirectional thinking about nuclear

power and the roles of different views in decision making process.

We have to think multidirectional about the issue. The decision making
process needs cooperation of a variety of people and brain storming of
all experts. If you make a critical decision, you must look from
different perspectives and you must think impacts of your decisions on
different agents. As a group we understood how different people think
different. There can be different point of views about nuclear and
decision makers have to listen to these views and evaluate them while
making a decision.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS

This chapter provides discussion of findings presented in the previous chapter. It
focuses on the depth rubric developed as a result of initial data analysis and the
improvement in PSTs’ socioscientific reasoning before, during and after SSI-
focused course.

5.1 The Depth Rubric and the Improvement in PSTs’ Socioscientific
Reasoning in Response to SSI-Focused Course

In this part, the findings of the first research question were discussed. First research
question investigated the change in PSTs’ socioscientific reasoning in response to
SSlI-focused course before and after SSI-focused course. For this purpose, pre and
post interviews were analyzed. The initial data analysis revealed that in addition to
the rubric used by Sadler et al. (2011), a new rubric was developed for better
addressing differences in PSTs’ socioscientific reasoning. In the next section, the
new assessment strategy for SSR was discussed first then the change in PSTs” SSR

was discussed based on the two rubrics.
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5.1.1 The New Rubric for Analyzing Socioscientific Reasoning: The Depth of
SSR

The first significant trend to emerge from the data was the development of depth
rubric to assess SSR. Socioscientific reasoning is a construct which describes
important characteristics of SSI. It emphasizes that SSI discussions should be
oriented toward understanding and practicing these invariant features of SSI. The
assessment of individuals’ socioscientific reasoning is another issue to be
considered. The data analysis was first conducted by the previous rubric (called as
breadth rubric in this study) developed by Sadler et al. (2011). The initial analysis
revealed that this rubric was not capable of addressing differences between PSTs’
socioscientific reasoning levels. With breadth rubric, we were able to assess PSTs’
responses at knowledge or comprehension cognitive levels but cannot differentiate
them at higher cognitive levels. Tal and Kedmi (2006) expressed that higher order
thinking skills refer mainly to cognitive abilities, which are beyond the stages of
recall knowledge, understanding and lower levels of application according to
Bloom’s Taxonomy. That is breadth rubric was able to assess lower level cognitive
skills below the application level on Bloom Taxonomy. The main concern for the
breadth rubric was that although some participants were assigned to the same level,
they actually differ in their reasoning. The reason was that the breadth rubric
assessed SSR in terms of quantity. The level descriptions of breadth rubric assessed
the number of sources provided for complexity, the number of specific lines of
inquiry, and the number of perspectives examined. It mainly focused on

individuals’ comprehension of complexity, perspectives, and inquiry and the
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number of specific information related to each aspect. This was exemplified in
chapter 3. To remind, PST 4 and 12 (quotations were provided in chapter 3) talked
about complexity and listed sources for the complexity associated with nuclear
power plant during the pre interviews. When we assessed their SSR with the
breadth rubric, they were assigned to the same level. However PST 4 displayed a
higher level of reasoning by justifying why those sources can be a potential reason
for making nuclear power plant complex. He was able to develop opinions,
evaluate evidence and provide scientific justification for his claims. Although the
difference in two PSTs’ reasoning could not be captured with breadth rubric, the
development of depth rubric enabled researchers assess the differences in PSTs’
reasoning. The reasoning PST 4 displayed is at a level more than comprehension
because justification and evaluation are at the cognitive level of evaluation.
Drapeau (2009) also supported that “depth of reasoning is often attributed to the
original higher levels of Bloom's Taxonomy such as analysis, synthesis, and
evaluation” (p.7). As a result, PSTs were assessed at higher cognitive levels with

depth rubric.

To conclude, breadth rubric was not capable of capturing participants’ cognitive
differences. However depth rubric addressed the nuances in PSTs’ SSR and could
differentiate PSTs in terms of cognitive outcomes. In this study, depth rubric
emerged after the initial analysis of data. There might be several reasons for this.
First, Sadler et al. (2011) used the breadth rubric to analyze data obtained through

an open-ended questionnaire. It was in congruent with the nature of the instrument
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which was administered as a questionnaire to a larger sample and the answers were
restricted. Since they could not interview with the participants, the responses were
brief and limited. Therefore they may choose to analyze the responses in terms of
quantity. However, in this study, PSTs were interviewed and in-depth information
was obtained. It is widely known that interviews can provide in-depth information
and insights about the phenomena being studied (King & Horrocks, 2010).
Therefore through interviewing rather than using open-ended questionnaire, the
participants presented deeper reasoning and this was reflected in their responses.
Critical examination of data led to the development of depth rubric to meet the
drawbacks of breadth rubric and to explore individuals’ reasoning further. As a
result, depth rubric was developed, validated and used to assess SSR in addition to
the breadth rubric. Second, Sadler et al. (2011) studied with high school students
while the participants of this study were the senior PSTs. Zeidler and Schafer
(1984) found that third and fourth grade environmental science college students did
reason at higher levels in resolving environmental dilemmas. The study of
Weinstock, Neuman, and Glassner (2006) also suggested that the cognitive ability

to assess different types of informal arguments was related to grade level.

5.1.2 The Change in PSTs’ SSR during Pre and Post assessments

The findings of data analysis with breadth rubric showed that all PSTs
demonstrated high levels of socioscientific reasoning after participating in SSI-
focused course. Breadth rubric assessed whether individuals could understand the

complexity, inquiry, and multiple perspectives aspects of SSR and list sources for
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complexity, provide specific lines of inquiry, and discuss the issue from different
perspectives. There was significant increase in PSTs’ reasoning in terms of all
aspects of SSR (i.e. complexity, inquiry, multiple perspectives) when the pre and
post interviews were analyzed with breadth rubric. The comparison of PSTs’ pre
and post interview scores on depth rubric also showed that all PSTs demonstrated
high levels of socioscientific reasoning after participating in SSI-focused course.
Unlike breadth rubric, depth rubric did not evaluate the numbers associated with
the aspects of SSR. Rather depth rubric assessed whether participants provided
arguments and justifications for their understandings of complexity, inquiry, and

multiple perspectives aspects of SSR.

The present study also documented statistically significant differences in students’
pre- and post composite scores for each aspect of SSR. In order to be able to
perform statistical analysis on PSTs’ SSR scores, the scores obtained from breadth
and depth rubric was combined for each individual and Wilcoxon signed rank test
was performed for each aspect separately. As a result it was found that PSTs
significantly performed better on complexity, inquiry, and perspectives aspects of
SSR after SSI-focused course. The results of this study showed that students’
experiences in a semester-long SSI-focused course may improve their reasoning in
terms of complexity, inquiry, and perspectives. These experiences include
understanding key issues, posing questions, providing arguments and justifications,
evaluating information and evidence, thinking critically, collaborating with group

members, and making decisions. These cognitive challenges PSTs experienced in
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the course may influence the way they negotiate and resolve socioscientific issues.
Reasoning, posing questions, providing arguments and justifications, evaluating
information and evidence, systemic and critical thinking are all considered as
higher order thinking skills (Cuccio-Schirripa & Steiner, 2000; Dori & Herscovitz,
1999; Driver et al., 2000; Duschl, 1990; Hogan, Nastasi, & Pressley, 1999, Russell,
1983; Zeidler, Lederman, & Taylor, 1992). These skills should not be considered
as outcomes that should be reached at the end of a learning process (Resnick &
Resnick, 1992). Rather they are the goals that should be addressed throughout a
learning process. However attainment of these skills requires time and a variety of
instructional strategies. For example Sadler et al. (2011) explored potential change
in SSR through a variety of classroom implementations and found that there were
no statistically significant differences in students’ pre and post socioscientific
reasoning. They attributed this to the short term intervention and suggested that
changes in socioscientific reasoning may require longer term implementations
(Sadler et al., 2011). There are also a number of studies that report improvement of
higher order thinking skills such as reasoning requires intense and long
interventions. For example, Dori, Tal, and Tsaushu ( 2003) aimed to improve high
school students’ higher order thinking skills such as application, question posing,
providing arguments, value judgment, providing multiple solutions, recognizing
complexity and uncertainty, and system thinking through case studies in
biotechnology. Similar to this study, they also required students to work in small
groups, formulate questions, search for and evaluate evidence, and express their

own ideas in making decisions about controversial issues. They found that students
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developed their higher order thinking skills and scored significantly higher in
higher order thinking skills. They stated that small group and class discussions
contributed to the development of these skills as students experienced peer

interaction, expressed their ideas and justified them with evidence.

In this study the change in PSTs’ reasoning may also be attributed to the fact that
they discussed SSI through a variety of instructional strategies. It is suggested that
students should receive guided assistance in practicing their thought processes
(Stiggins & Chappuis, 2012). In this study, PSTs also received assistance to
develop their reasoning in socioscientific issues through teacher-led discussions
and group activities. These activities may be influential in the improvement of their
reasoning in terms of complexity, inquiry and multiple perspective-taking
associated with SSI. The study of Grace (2009) supported that students were better
at reasoning about biological conservation issues after peer group discussions.
Grace (2009) investigated the effect of peer group decision-making discussions in
secondary school students’ reasoning in conservation issues. In these discussions,
students tried to make a decision on what should be done about the issue, why and
how. Similar to the independent group discussions in this study, Grace (2009) was
not involved in groups’ decision-making discussions. After these discussions,
students moved up to higher levels of reasoning (i.e. justified arguments including
alternatives) from lower levels (i.e. non-justified arguments with single solutions).
Ratcliffe (1997) also explored the 15-years-old pupils’ decision-making on social

issues such as use of energy more efficiently. In the decision-making discussions,
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Ratcliffe (1997) asked students identify alternative actions for the issues, develop
criteria for each alternative, evaluate information, consider advantages and
disadvantages of alternative actions, and choose an action based on the this
systematic discussion. In this study, PSTs were also engaged in similar systematic
discussion of nuclear power plant and other socioscientific issues. Ratcliffe (1997)
found that such systematic discussions about advantages and disadvantages of
socioscientific issues, which mean a structured decision-making process, also may
assist reasoning. Another study conducted by Seethaler and Linn (2004) revealed
that eighth grade students could able to reason and use appropriate evidence to
argue for their positions on genetically modified food (GMF) after they participated
in a GMF-based curriculum. Similar to the SSI-course in this study, in GMF-based
curriculum, students negotiated GMF, learned history of it, read articles, worked as
groups, and presented posters and oral presentations. In the teaching and learning
activities carried out in SSl-focused course, elements of argumentation such as
claim, justification, and rebuttal are frequently used. The use of argumentation can
also enhance PSTs’ socioscientific reasoning. There is evidence in the literature
that shows the development in reasoning can be facilitated through argumentation
(Zohar & Nemet, 2002; Maloney & Simon &, 2006). For example Zohar and
Nemet (2002) characterized students’ reasoning abilities with various types of
arguments after a genetics unit focused on argumentation. Positive gains in
students’ argumentation skills were attributed to the development in their reasoning
in dilemmas which are part of students’ daily lives. This study also provided

empirical evidence for the development of reasoning about socioscientific issues
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after a variety of classroom implementations. Sadler et al. (2007) emphasized that
SSI practices should be oriented in a way that advances individuals’
conceptualization of SSI in terms of its nature of complexity and their
understanding that solving SSI includes investigating multiple ideas, perspectives
and interest. In light of this there are studies that emphasize some classroom
activities which might result in better learning outcomes in terms of socioscientific
reasoning and decision making processes in the context of SSI (e.g. Eggert,
Ostermeyer, Hasselhorn, & Bogeholz, 2013; Lee & Grace, 2012). These studies
will be mentioned in the next section, since in this study, different classroom

activities were also designed to support socioscientific reasoning.

5.2 SSI-Focused Course as the Classroom Design Experiment

In addition to the investigating the change in PSTs’ socioscientific reasoning before
and after SSI-focused course, their reasoning during SSI-focused course was also
examined. During the SSI-focused course, three phases was developed. First phase
included teacher-led whole classroom discussions, second one included teacher-
guided group activities and the last one included independent group activities.
After first and second phases PSTs” SSR was reassessed and it was found that their
reasoning improved gradually during the SSI-focused course. The effect of

teaching and learning activities in each phase was discussed below.
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5.2.1 Teaching and Learning Activities

5.2.1.1 Teacher-Led Classroom Discussions

Teacher-led discussions aimed to assist PSTs to conceptualize the issue from
different perspectives, to explore and elaborate on PSTs’ ideas, to engage them
with thinking, reasoning and reflection processes about SSI. Within the SSI-
focused course, PSTs considered the complexity, inquiry and multiple perspectives
aspects of nuclear power plant and the teacher-led discussion may explicitly
support PSTs to comprehend about the role of these aspects in negotiating and
resolving both nuclear power plant and other socioscientific issues. Tal and Kedmi
(2006) emphasized that thoughtful whole classroom discussions in which teacher
asks questions, encourage students to provide reasons, evidence, and justifications
can support students’ reasoning in socioscientific issues. In this study teacher also
facilitated whole classroom discussions and engaged students in whole class
questioning and answering sessions. These questions were not closed questions.
The closed questions were also not accepted by scholars in order to promote
reasoning skills (Ratcliffe & Grace, 2003). These questions focusing on different
dimensions of nuclear power plant may help students learn about different
interests, ideas and thoughts and also reason about them. PSTs discussed nuclear
power plant from different perspectives and they talked about why different
perspectives exist. As a result this may contribute to their socioscientific reasoning,
specifically the multiple perspectives dimension. Tal and Kedmi (2006) found that
teachers mostly used whole class discussions in dealing with socioscientific issues

and these discussions made students aware on the issues by actively engaging them
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in debates. They concluded that teacher-guided discussions can be effective in
achieving higher level of reasoning and higher quality explanations since teachers
can foster students to carry out thoughtful work while asking them to provide
evidence for claims, identify conflicting values, provide alternatives and critique
others’ ideas. Tal and Kedmi (2006) emphasized that “in order for students to
communicate effectively with others in the process of decision-making in the
context of socioscientific issues, they need to learn to ask questions, obtain
evidence, understand characteristics and limitations of scientific evidence, identify
value positions or ideologies of both sides and have access to appropriate social
criteria for judging credibility of scientists” (p.622). Teacher-led discussions can
provide opportunities for their effective communication during group activities. In
the following sections teacher-led classroom discussions and group activities were
discussed in detailed. The teacher carefully engaged PSTs in activities and
discussions to support them in comprehending the complexity, inquiry, and
perspectives aspects of SSR. The instructor did not only introduced new ideas and
concepts but also provided support and guidance for PSTs to develop
socioscientific reasoning. The instructor’s activities and implementations might be
reflected as developed thinking and reasoning skills on the part of PSTs. Mercer
(1995) referred to the role of interaction and talk among learners in supporting
learning and cognitive development. Especially the use of conflicting ideas within
discussions can enhance PSTs’ understandings about aspects of SSR. Mercer
(1996) emphasized that when two opposite world-views are interacted, the attempts

to resolve the conflict occurred results in some learning and improved
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understanding. This is also supported by the concept socio-cognitive conflict by the
followers of Piaget to explain how individuals’ understandings can be enhanced
through use of different understandings of the events (Mercer, 1996). Gambrell
(2004) also suggested that providing opportunities for students to interact with one
another and to challenge the ideas of others supports higher level of thinking. In
terms of negotiating SSI, the socio-cognitive conflict may have a potential role for
development of understandings about SSI since these issues already include
conflicts and dilemmas. Within SSI-focused course, PSTs have been challenged
and exposed to cognitive conflicts through discussing opposing ideas and they tried
to find a solution to these ideas to solve the nuclear energy crisis. In the next
section the specific aspects of teacher-led classroom discussions were negotiated in

detailed.

5.2.1.1.1 Aspects of Teacher-Led Classroom Discussions

5.2.1.1.1.1 Probing Questions

Within the SSI-focused course, teacher-led discussions about nuclear power plant
were initiated by probing questions. The nature of the questions revealed that these
questions emphasized different perspectives related to the nuclear power plant. As
a result, PSTs did not only investigate the nuclear energy from a single perspective
rather they discussed different claims proposed by different stakeholders. Instructor
asked the questions one by one and set the stage for PSTs to negotiate about each
one. The use of probing questions framed the nuclear power plant from different

perspectives which includes economy, society, politics, and environment. Framing
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is introduced as a tool for the construction of social reality and emphasized for
cognitive categorization (Scheufele, 1999). Entman (1993) described framing as
“to frame is to select some aspects of a perceived reality and make them more
salient in a communicating text, in such a way as to promote a particular problem
definition, causal interpretation, moral evaluation, and/or treatment
recommendation. Framing is a systematic way of delivering information to help
public understand and form opinions about science related topics (Nisbet &
Scheufele, 2007). Framing, as in this study, can be a way to discuss controversial
issues in classrooms. Gardner and Jones (2010) also emphasized that instructors
may choose to present information about controversial issues through framing.
They expressed that “framing theory examines how science content is delivered to
the public through scientists, the media, non-governmental organizations, and other
communicating institutions” (p.5). Framing can have a significant role in
individuals’ thinking and decisions. Nisbet and Scheufele (2007) supported this by
comparing the climate change and stem cell research and stated that stem cell
research could not receive enough attention from public since scientists could not
successfully employ framing for the stem cell research. Public did not have enough
information about stem cell research and could not form opinions about it.
However, framing has some limitations since it may bring certain aspects of the
issue to the forefront and to hide others (Chong & Druckman, 2007). Therefore
considerable attention should be paid to how the issues were framed. In this study,
nuclear power plant was also framed in terms of economy, environment, society,

and politics. No one aspect has been prioritized over others. By this way, PSTs had
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a chance to discuss different aspects of nuclear power plant as they referred to them
in their interviews and reflections. They considered these aspects while they make
decisions on nuclear power plant. It was found that framing affects decision
making process when different descriptions of the same problem emphasize
different aspects of the outcomes (Kahneman, 2002). Shafir (1993) studied
behavior of people in deciding when they are faced with choosing among options.
He framed his study on pros and cons of the options with different weights on pros
and cons. He found that the choosing or rejecting an option depends on the positive
and negative features of it. That is, if an option has positive features, individuals
choose it but if it has negative features, it is mostly rejected. Gamson (1992) states
that frames diagnose, evaluate, and prescribe. That is, frames define problems in
terms of causes, costs and benefits, diagnose causes with the underlying forces,
make moral judgments through evaluating causes and consequences, and
recommend prescription to treat the problem. Entman (1993) emphasized that
framing includes selection and highlighting elements on which arguments about the
problem are proposed and then their evaluation and solution are discussed. In
framing, selected element constitutes the topic of discussion. Framing may help
individuals understand the problem, in addition to how they negotiate pros and
cons, evaluate them and deciding an action to take. Kahneman and Tversky (1984)
proposed that framing is a valuable reflective tool which assists decision makers in
their evaluation of causes and values tied to the consequences of their choices.
Therefore framing may support cognitive engagement in discussions of

controversial topics. In this study, it was also supported that framing a
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controversial issue in terms of different perspectives may help individuals to
understand that controversial issues have more than one aspect and all should be

examined carefully before making a decision.

5.2.1.1.1.2 Presenting Information

In this study, instructor presented a variety of information during teacher-led
classroom discussions. These were historical information, research results, expert
views, and scientific information. Presentation of such information may be helpful
for PSTs’ developing socioscientific reasoning especially the inquiry aspect of it
because PSTs referred to the information presented in their post-interviews and
written reports. Being informed about socioscientific issues is an important issue
for negotiation and resolution of these issues. If individuals do not have adequate
knowledge and information, they may rely on social values and pick up
information sources to confirm what they already think and believe (Nisbet &
Scheufele, 2007). In order to prevent this, individuals should be informed and
knowledgeable about socioscientific issues to be able to make thoughtful
negotiations and informed decisions. Legrenzi, Girotto, and Johnson-Laird (1994)
identified some key components for how people reach decisions in daily life. One
of these components was seeking information. They conducted a study about
people’s decisions about whether or not to go to a movie. They found that when
people have to make a decision, they mostly tend to request information to help
them make a decision. They also added that to obtain more information they ask

questions about the task or issue on which they have to make a decision. The
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present study also utilized a similar approach. PSTs were required to make a
decision about the nuclear power plant construction and they seek for more
information (such as seismic stability of the place on which the power plant will be
constructed) and asked questions about different issues related to the nuclear power
before making a decision. During the SSI-focused course, PSTs read many articles
and research studies about nuclear power plant as well as the instructor presented a
variety of information. Presenting information and discussing them in the
classroom may develop PSTs’ understanding for the need of ongoing inquiry to
negotiate and resolve socioscientific issues. Individuals may not have enough
knowledge about these issues and their reasoning may be low. However, after

gaining necessary information, they can show higher levels of reasoning.

Instructor explicitly referred to the role of science in negotiating and resolving SSI.
Moreover instructor taught the scientific information which is related to the nuclear
power. PSTs used this information in stating the need for more information and the
specific lines of information. They also used it to justify their ideas and claims
when they are asked to take positions in terms of different perspectives. The role of
science in socioscientific issues cannot be disregarded. As Sadler and Zeidler (2005)
emphasized that these issues have science aspect. In the SSI literature there is also
an assumption that an individual’s content knowledge has a role in his reasoning
(Leighton & Bisanz, 2003; Patronis et al., 1999; Sadler & Donnelly, 2006; Sadler
& Zeidler, 2005; Yang & Anderson, 2003) Being aware of the learning of science

as a major goal of science education, discussion of SSI should enhance students’
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understanding of science concepts (Sadler et. al., 2007). Wu and Tsai (2007) also
recommended the integration of specific science content for better reasoning.
Another point is that socioscientific issues involve scientific ideas but students may
not rely on them in negotiating SSI. Students depend on many sources of
information such as newspapers, magazines, friends, family in developing their
ideas and positions regarding socioscientific issues (Sadler, 2004). Kolsto et al.
(2006) also discussed that scientific content knowledge is not sufficient alone in
negotiation and resolution of SSI and emphasized the need of different sorts of
scientific information and research journals. Therefore as the case in this study, a
variety of information including scientific, historical, or research results should be
provided so that PSTs understand the need of ongoing research and more

information in negotiation and resolution of socioscientific issues.

5.2.1.1.1.3 Debriefing Sessions

Debriefing was also conducted in the SSI-focused course to support PSTs’ learning
and reasoning. Debriefing sessions were often initiated by the instructor and
followed with a discussion between the instructor and PSTs. From the perspective
of researcher, debriefing sessions were influential on PSTs’ socioscientific
reasoning. The instructor summarized, reviewed, and introduced the main ideas
discussed in the whole classroom discussions. Literature review revealed that
debriefing is mostly a part of nursing education. For example, Dreifuerst (2009)
described debriefing as “the process whereby faculty and students reexamine the

clinical encounter, fosters the development of clinical reasoning and judgment
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skills through reflective learning processes” (p. 109). Although the subject matter is
different in nursing education, the aim is the same with this study. The debriefing
in SSls also includes the reexamination of the SSI discussed, foster development of
socioscientific reasoning skills allowing PSTs reflecting on ideas. Dreifuerst (2009)
emphasized that significant learning occurs when deep insight is made explicit
through reflection during debriefing. Warrick, Hunsaker, Cook and Altman (1979)
stated that the debriefing sessions are essential for making an experiential learning
exercise as a meaningful learning experience. After experiential learning in which a
task or activity is designed to teach concepts and ideas through active student
involvement, debriefing of concepts, ideas, values and insights in a structured way
may enhance learning. Therefore in this study through structured debriefing
sessions in which instructor guided discussion and learning insights in terms of

aspects of SSR can be influential for the improvement of PSTs’ SSR.

5.2.1.1.1.4 Second-Order Discussions

Second-order discussions were conceptualized in this study as discussions about
SSI as a theoretical construct. Within SSI-focused course, there occurred many
activities and discussions about nuclear power plant as a specific SSI. However
there also occurred discussions focusing on complexity, inquiry and multiple
perspectives aspects of socioscientific reasoning after PSTs practiced these aspects.
From the perspective of the researcher, second-order discussions may serve as an
effective and complimentary theoretical discussion in addition to the classroom

discussions and activities about nuclear power plant. It was aimed that students
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develop an understanding for reasoning on socioscientific issues and learn about
the nature of socioscientific issues through second-order discussions. Second order
discussions might help students develop necessary knowledge and skills for
negotiating socioscientific issues and for informed decision making because they
explicitly discuss the aspects of SSR through these discussions. Explicit approach
IS a common approach in teaching the tenets of nature of science. There are a
number of studies that provided evidence for successful nature of science teaching
through explicit approach (Abd-El-Khalick & Lederman, 2000; Akerson, Abd-El-
Khalick, & Lederman, 2000; Khishfe, 2008). In the nature of science literature, it
was noticed that different nature of science activities was carried out to highlight
tenets of NOS, then whole class discussions explicitly referring each tenet occurred
(Akerson et al., 2000). By the same token, within the SSI-focused course,
discussions and group activities were performed about nuclear power plant then the
invariant features of socioscientific issues (i.e. complexity, inquiry, multiple
perspectives) were explicitly discussed through second-order discussions. As
explicit discussions improves individuals’ nature of science views, it was believed
that explicit discussions about invariant features of SSI enhances the PSTs’

socioscientific reasoning in terms of those features.

5.2.1.2 Group Activities
In the present study, the results also revealed that group activities enhanced the
PSTs’ socioscientific reasoning in terms of complexity, inquiry, and multiple

perspectives. In group activities, learners can display a variety of ways to describe,
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explain, make connections, draw conclusions, and find solutions. Group members
reason together, share negotiation, evaluate claims and evidences and reach a
consensus on the problem. They can be richer in terms of higher cognitive level
interactions than teacher-led discussions providing sustained and active
engagement in learning (Galton, Hargreaves, & Pell, 2009). Teacher-guided group
activities and independent group activities included decision making on different
SSIs. “Decision making is an inherently complex process, encumbered by multiple
possibilities and agendas” (Pedretti, 1999, p. 178). While working on
socioscientific issues, decision making can be more complex since SSI is also
complex in nature and requires high level reasoning and understanding of the issue
and the decision making process. Eggert, Ostermeyer, Hasselhorn, and Bogeholz
(2013) agree that SSI and its negotiation in classrooms requires high mental
processes in which students obtain and evaluate information from different points
of view through argumentation and reasoning processes. As Sadler (2004) argued
SSI is complex and requires more complex reasoning rather than simple cause and
consequence system. The issue should be understood well enough to acknowledge
its complexity and multidimensionality. Then investigating different kinds of
information and views follows it. Solutions or decisions are based on different
information and views. Tentative solutions can be suggested reflecting the dynamic
nature of the issue. For informed decisions, a wide range of interests, viewpoints,
experiences, information, facts related to scientific, social, economical or political
should be critically but constructively investigated and the final decision should

reflect all views, at least at a reasonable degree to provide balance among them.
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Public involvement in decision making about science and social issues including
environmental and health concerns goes back late 1990s in time (Rowe & Frewer,
2000). Obtaining the ideas of public about those issues is an important issue for a
government before getting started since public can protest the actions of
government and do not trust in government’s activities and actions any more.
These results were also in consistent with Pedretti’s (1999) study which also
included a decision making activity on a controversial issue. She also emphasized
that such decision making activities help students address multiple perspectives
related to the issue, and complex relations between science and society. Students’
reflections after decision making activity provided justification for the contribution
of the activity to their understanding of different perspectives, complexity of the
issue and the need for more but reliable information in solving such socioscientific
issues. There are also many studies having findings which reveal that group work
and collaboration in the groups result in higher levels of reasoning through
discussing and elaborating each others’ ideas (Hogan, 2002; Mercer, Wegerif, &
Dawes, 1999; Resnick, Michaels, & O’Connor, 2010). Therefore the group
activities in this study also had similar influences on students’ socioscientific

reasoning about nuclear power.

Kuhn (2005) stated that group activities offer opportunities for students to reveal
their own perspective, explore others’ perspective and integrate evidence in
resolving conflicts. Grace (2009) and Lee (2010) also considered the group

activities more effective in promoting reasoning in controversial issues. In this
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study the effect of group activities was more evident with respect to socioscientific
reasoning since PSTs were challenged by complexity, multi-perspective reasoning
and doing research about the issue during group activities more. This was
evidenced by their statements in reflection papers directly referring to the aspects
of socioscientific reasoning and also their organization of group discussions. Tal
(2005) also studied with pre-service teachers on a local environmental problem.
The pre-service teachers in Tal’s study stated that group investigation was most
effective in discussing the problem. Kirschner, Paas, and Kirschner (2009) claimed
that when the learning task is complex and requires higher order thinking, it is
more effective for students to share the cognitive load within a group and reduce
this load. Being aware of the fact that negotiating and resolving SSI is complex and
requires reasoning from multiple perspectives, group activities will provide benefit
in sharing information processing and reduce the cognitive load (Eggert et al.,
2013). Eggert et al. (2013) also hypothesized the effectiveness of group activities
over traditional instruction in terms of improving socioscientific reasoning and
their study approved their hypothesis. Group activities and peer discussions were
seen more effective since “they are more vocal, and [students] feel freer to express
ideas while they have the opportunity to interrelate values with complex conceptual
issues. In this way, they learn to build qualified arguments. The discussions are
more varied, generative and exploratory, even when the task is demanding” (Tal &
Kedmi, 2006, p. 622). Therefore in this study, the group activities were believed to
be more effective. Two types of group activities were carried out in the SSI-

focused course as teacher-guided and independent group activities. Teacher-guided
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group activities similar to the teacher-led discussions included nuclear power plant
as SSI context. The assessment of SSR in pre and post interviews was also based
on the nuclear power plant. That is the assessment and the intervention SSI
contexts were the same in this study. This is different from previous studies on
SSR. Sadler et al. (2007) and Sadler et al. (2011) used different SSI contexts in the
intervention and in the assessment. However in this study the independent group
activities included different SSI contexts and PSTs were able to make thoughtful
negotiations in terms of SSR and informed decisions on each SSI. Therefore
although nuclear power plant was used both in the intervention and in the
assessment, PSTs were able to reason, negotiate, and make decisions in other SSls.
This shows that the improvement in PSTs’ socioscientific reasoning was observed
not only in the context of nuclear power plant but also in other SSI contexts. The
next two sections discuss the teacher-guided and independent group activities in

terms of their contribution to SSR.

5.2.1.2.1 Teacher-Guided Group Activities

Teacher-guided group activities included four groups discussing the different
perspectives associated with nuclear power plant. Three groups examined the
nuclear energy from different perspectives but from the same perspective within
group. More specifically, they negotiated the economical, environmental/societal,
and scientific perspectives of nuclear power separately. Each group argued on the
specific topic they were given, presented their arguments with evidence, and

provided recommendations to the fourth group which represents government to
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make a decision. The fourth group negotiated the nuclear energy from multiple
perspectives. PSTs participated in a decision making process in small groups under
the guidance of instructor and examined different perspectives and multiple sources
of information. Pedretti (1999) referred to the decision making as “an inherently
complex process, encumbered by multiple possibilities and agendas” (p. 178). The
analysis of group discussions revealed that they referred to many viewpoints and
the need of more information to make an informed decision. The groups also
referred to how complicated to make a decision on these issues. The groups
showed a need for more information and did research for it. The groups’ written
reports and reflection papers included evidence for the improvement of PSTs” SSR
in terms of complexity, inquiry, and multiple perspectives. There may be several
reasons for this. First this might be due to the nature of activity since PSTs were
required to examine different perspectives, justify their arguments, and reach an
informed and sound decision. They justified their arguments through scientific and
social information. When they struggled with the lack of information, they asked
for relevant information. Second, PSTs engaged in a fruitful discussion which was
critical but at the same time constructive. In these discussions PSTs’ shared their
ideas, justified them with evidence, and criticized others’ ideas. The
communication within the group can support their understandings and reasoning.
Moreover, group discussions allow greater proportion of PSTs to contribute to the
group task (Hudgins & Edelman, 1986). The PSTs who did not participate in
teacher-led discussions had a chance to negotiate the issue in group discussions.

Hogan (2002) also emphasized the exploration and co-construction of ideas within
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groups and recommended that individuals should be prepared not only for
developing knowledge and skills but also interacting effectively on intellectual

tasks in groups.

5.2.1.2.2 Independent Group Activities

SSI-focused course included independent group activities in addition to the teacher-
guided group activities. The last two weeks of the SSI-focused course were devoted
to the independent group activities. PSTs were required to select a socioscientific
issue different than nuclear power and negotiate it as a small group. They were
independent in selecting issue and organizing their discussions. There were four
groups who discussed different SSls (i.e. stem cell, genetically modified food,
genetic screening, and animal testing). The most prominent pattern in these groups
was the inclusion of different viewpoints, rich social and scientific information.
The groups showed an effort to value all ideas from different stakeholders. The
group members had different roles as a proponent, opponent, scientist, economist,
citizen, politician, and physician. They presented their claims and evidence for
backing their claims. Members displayed different ideas so counterarguments were
frequently observed. Independent group activities allowed students to organize
their own cognition. These activities let students to transfer their learning in the
classroom to new situations. This independent small group activity was an
indication of students’ deeper understanding of socioscientific issues and their
reasoning on complexity, perspectives, and inquiry. Their independently organizing

the discussion in terms of many perspectives and presenting a rich information
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from different sources enable researcher to conclude that SSI-focused course is
influential in improving students’ reasoning on SSI. In this case, their ability to
engage in reasoned discussion of socio-scientific issues might have been enhanced
by teaching that explicitly focused on complexity, inquiry, and perspectives aspects
of SSR. PSTs were provided many opportunities before participating in
independent group activities to practice skills for negotiating and resolving SSIs.
Looking at ideas and reasoning emerged among groups showed an understanding

for complexity, inquiry and multiple perspectives.

5.3 Implications for Socioscientific Reasoning and SSI1-Based Courses
This study investigated the change in PSTs’ socioscientific reasoning before,
during, and after a SSI-focused course. Based on the results this study has several

implications.

First, it offers a new, valid and reliable assessment for socioscientific reasoning. In
this study, based on the data analysis, a new rubric was developed to assess SSR.
This provides an in-depth assessment of SSR. It facilitates the assessment of
students at higher cognitive levels. It also enables the researchers to capture the
variability in students’ socioscientific reasoning. SSR is a new construct but it has
importance for science education especially for achieving the scientific literacy
(Sadler et al., 2007). A number of studies emphasized the socioscientific issues and
students’ reasoning on these issues (Hofstein et al., 2011; Tal & Kedmi, 2006;
Zeidler & Sadler, 2011). Due to the fact that scientifically literate citizens are

necessary in such a world that is continually improving in technology and scientific
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knowledge (Kolsta, 2001b), science curricula should focus on SSI more than
before. However what students gain if SSI was taught in classrooms is also an
important issue to be considered. This study, similar to the previous studies (e.g
Sadler et al., 2007), indicated that students can promote their reasoning if they
participated in SSl-based courses. As a result, the assessment of SSR will be
another issue. The present study also advanced the way to assess SSR. The depth
rubric developed in this study helps teachers and researchers to assess SSR. It is
developed in the context of nuclear power plant but the nature of rubric is not
focused on a specific SSI. The level descriptions are open to assess SSR in all SSI
contexts. Therefore researchers or teachers can safely use it in assessing students’

SSR in different SSls.

Second it implies that socioscientific reasoning can be developed through SSI-
based classroom interventions. A body of literature showed that students’ reasoning
can be promoted through classroom practices (e.g. Eggert et al., 2013; Grace, 2009;
Lee, 2010). All these studies used different instructional approaches but commonly
emphasized the group activities to foster students’ reasoning. The instructional
strategies that specifically aimed to develop students’ reasoning in terms of
complexity, inquiry, and multiple perspectives should be utilized in science
classroom. By this way, students can engage in activities to enhance their

socioscientific reasoning and can show more sophisticated reasoning.

Finally it offers some useful teaching and learning activities which might

potentially enhance the socioscientific reasoning. Although the group activities
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emphasized in the literature, the results of this study implied that teacher-led
classroom discussions including probing questions, presentation of information,
debriefing sessions, and second-order discussions have potential to foster
socioscientific reasoning. For example during teacher-led discussions, pros and
cons of nuclear power plant were discussed in terms of multiple perspectives.
Ratcliffe (1997) referred to this and stated that systematically discussing
advantages and disadvantages of socioscientific issues also may assist reasoning.
Lewis and Leach (2006) suggested that teaching strategies that will develop
knowledge and skills and an awareness of how to apply these to new situations are
desirable. The SSl-based classroom activities should be well-designed to facilitate
students gain necessary knowledge and skills in negotiating and resolving SSls.
That is students should have a general knowledge about SSI and skills in
performing socioscientific reasoning. This study proposed several important
classroom activities that educators can make use in designing SSI-based activities
to support socioscientific reasoning. Teacher-led classroom discussions and group
activities can be useful in development of SSR. However these activities should
specifically touch to the aspects of SSR. Such as using probing questions with
emphasis on different perspectives can be valuable in students’ development of
multiple perspectives aspect of SSR. Similarly, presenting and discussing different
information can support the inquiry aspect of SSR. Through debriefing sessions
and second-order discussions, complexity, inquiry and multiple perspectives
aspects of SSR can be comprehended and students can transfer their reasoning to

other issues. In group activities, students can share the responsibilities and this
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collaboration may improve their reasoning (Tal & Kedmi, 2006). Students may
discuss different perspectives as a group and engage in decision-making activity.
They can search for information to support their perspectives and try to reach a
decision which is balanced in terms of all perspectives. The decision-making
processes require understanding of complexity, inquiry, and multiple perspectives
of SSR. Overall a combination of teacher-led discussions and small group activities
including decision making can have a potential to develop individuals’

socioscientific reasoning.

5.4 Conclusion

The present study examined to what extent PSTs’ reasoning on complexity,
inquiry, and multiple perspectives improved after they participated in classroom
discussions and activities in a SSI-focused course. It also examined the teaching
sequence to see how much the teaching and learning activities contributed to the
PSTs’ reasoning on socioscientific issues. PSTs’ reasoning was found to be
significantly changed after they participated in classroom discussions and
activities. They understood the complexity associated with the socioscientific
issues and could examine them from different perspectives. While they negotiating
the socioscientific issues, they used different types of information including
historical, scientific information to justify their claims. When they struggled in
decision making process, they realized that the information they have is not
sufficient to make an informed decision and they need to do research before

making a decision. They were engaged with different teaching and learning
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activities during the SSI-focused course. Teacher-led classroom discussions with
different opportunities and group activities were found to be potential source of
PSTs’ development of socioscientific reasoning. The discussion on a
socioscientific issues including its pros and cons in terms of multiple perspectives
and presentation and discussion of different kinds of information may positively
affect PSTs’ socioscientific reasoning. Moreover group activities providing an
opportunity for participants to be involved in a decision making process may help

PSTs advance their reasoning on socioscientific issues.
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APPENDICES

APPENDIX A

A. TURKISH SCIENCE AND TECHNOLOGY CURRICULUM GOALS IN
2006

(FEN VE TEKNOLOJIi DERSIi OGRETIM PROGRAMI’NIN ViZYONU)

Giliniimiizde yasanan hizli ekonomik, sosyal, bilimsel ve teknolojik gelismeler
yasam seklimizi onemli dl¢iide degistirmistir. Ozellikle bilimsel ve teknolojik
gelismelerin hayatimiza etkisi, gliniimiizde belki de ge¢miste hi¢ olmadigi kadar
acik bir bicimde goriilmektedir. Kiiresellesme, uluslararasi ekonomik rekabet, hizli
bilimsel ve teknolojik gelismeler gelecekte de hayatimizi etkilemeye devam
edecektir. Biitiin bunlar dikkate alindiginda iilkeler, gii¢lii bir gelecek olusturmak
icin her vatandasin fen ve teknoloji okuryazari olarak yetismesinin gerekliliginin ve
bu siirecte fen derslerinin anahtar bir rol oynadiginin bilincindedir. Fen ve
Teknoloji Dersi Ogretim Programi’nin vizyonu; bireysel farkliliklari ne olursa

olsun biitlin 6grencilerin fen ve teknoloji okuryazari olarak yetigsmesidir.

Fen ve teknoloji okuryazarligi, genel bir tanim olarak; bireylerin arastirma,

sorgulama, elestirel diisiinme, problem ¢6zme ve karar verme becerileri

205



gelistirmeleri, yasam boyu Ogrenen bireyler olmalari, c¢evreleri ve diinya
hakkindaki merak duygusunu siirdiirmeleri ig¢in gerekli olan fenle ilgili beceri,

tutum, deger, anlayis ve bilgilerin bir bilesimidir.

Fen ve teknoloji okuryazar1 olan bir kisi, bilimin ve bilimsel bilginin dogasini,
temel fen kavram, ilke, yasa ve kuramlarini anlayarak uygun sekillerde kullanir;
problemleri ¢ozerken ve karar verirken bilimsel siire¢ becerilerini kullanir; fen,
teknoloji, toplum ve c¢evre arasindaki etkilesimleri anlar; bilimsel ve teknik
psikomotor beceriler gelistirir; bilimsel tutum ve degerlere sahip oldugunu gosterir.
Fen ve teknoloji okuryazari bireyler, bilgiye ulasmada ve kullanmada, problemleri
cozmede, fen ve teknoloji ile ilgili sorunlar hakkinda olas1 riskleri, yararlar1 ve
eldeki secenekleri dikkate alarak karar vermede ve yeni bilgi iiretmede daha etkin

bireylerdir.

Fen ve teknoloji okuryazarligi i¢in 7 boyut diisiiniilebilir:

1. Fen bilimleri ve teknolojinin dogas1

2. Anahtar fen kavramlari

3. Bilimsel Siire¢ Becerileri (BSB)

4. Fen-Teknoloji-Toplum-Cevre (FTTC) iliskileri
5. Bilimsel ve teknik psikomotor beceriler

6. Bilimin 6ziinii olusturan degerler

7. Fen’e iliskin tutum ve degerler (TD)
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Ogrencilerin fen ve teknoloji okuryazar1 olarak yetistirilebilmeleri i¢in yukarida
belirtilen fen ve teknoloji okuryazarliginin yedi boyutu dikkate alinmalidir. Diiz
anlatim, not tutturma ve dogrulama tipi laboratuar etkinlikleri gibi &gretmen
merkezli geleneksel Ogretim yontemleri oOgrencilerin  fen ve teknoloji
okuryazarligin1 gelistirmede yeterli olamamaktadir. Egitim siireci 6grencilerin 6z
giivenlerini ve motivasyonlarmni artirici nitelikte olmalidir. Ogrenciler siirekli alma
ihtiyacin1 duymak yerine kendi kendilerine arastirabilen, sorgulayabilen bireyler

olacak sekilde yonlendirilmelidir.

Fen ve Teknoloji Dersi Ogretim Programi’nin Amaclari

Cesitli tllkelerdeki program reform hareketleri incelendiginde, toplumdaki tiim
bireylerin fen ve teknoloji okuryazari olarak yetistirilmesinin vurgulandigi
gortilmektedir. Tiim vatandaslarin fen ve teknoloji okuryazari olarak yetigmesini
amaglayan Fen ve Teknoloji Dersi Ogretim Programi’nin genel amaglar1 asagida

sunulmustur:

Ogrencilerin;

e Dogal diinyay1 6grenmeleri ve anlamalari, bunun diisiinsel zenginligi ile
heyecanini yagamalarini saglamak,

e Her simf diizeyinde bilimsel ve teknolojik gelisme ile olaylara merak
duygusu gelistirmelerini tesvik etmek,

e Fen ve teknolojinin dogasini; fen, teknoloji, toplum ve ¢evre arasindaki

karsilikli etkilesimleri anlamalarini saglamak,
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Arastirma, okuma ve tartisma aracilifiyla yeni bilgileri yapilandirma
becerileri kazanmalarini saglamak,

Egitim ile meslek se¢imi gibi konularda, fen ve teknolojiye dayali meslekler
hakkinda bilgi, deneyim, ilgi gelistirmelerini saglayabilecek alt yapiy1
olusturmak,

Ogrenmeyi 6grenmelerini ve bu sayede mesleklerin degisen mahiyetine
ayak uydurabilecek kapasiteyi gelistirmelerini saglamak,

Karsilagabilecegi alisilmadik durumlarda, yeni bilgi elde etme ile problem
cozmede fen ve teknolojiyi kullanmalarini saglamak,

Kisisel kararlar verirken uygun bilimsel siire¢ ve ilkeleri kullanmalarini
saglamak,

Fen ve teknolojiyle ilgili sosyal, ekonomik ve etik degerleri, kigisel saglik
ve ¢evre sorunlarini fark etmelerini, bunlarla ilgili sorumluluk tasimalarini
ve bilingli kararlar vermelerini saglamak,

Bilmeye ve anlamaya istekli olma, sorgulama, mantiga deger verme,
eylemlerin sonuglarmi diisiinme gibi bilimsel degerlere sahip olmalarini,
toplum ve gevre iliskilerinde bu degerlere uygun sekilde hareket etmelerini
saglamak,

Meslek yasamlarinda bilgi, anlayis ve becerilerini kullanarak ekonomik

verimliliklerini artirmalarini saglamaktir.
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APPENDIX B

B. TURKISH SCIENCE AND TECHNOLOGY CURRICULUM GOALS IN
2013

(FEN BiLiIMLERI DERSi OGRETIM PROGRAMININ TEMELLERI)

Fen Bilimleri Dersi Ogretim Programinin Vizyonu
Fen Bilimleri Dersi Ogretim Programmin vizyonu; “Tiim &grencileri fen

okuryazari bireyler olarak yetistirmek™ olarak tanimlanmaistir.

Aragtiran-sorgulayan, etkili kararlar verebilen, problem ¢ozebilen, kendine
giivenen, igbirligine agik, etkili iletisim kurabilen, siirdiiriilebilir kalkinma
bilinciyle yasam boyu 6grenen fen okuryazari bireyler; fen bilimlerine iligskin bilgi,
beceri, olumlu tutum, algi ve degere; fen bilimlerinin teknoloji-toplum-gevre ile

olan iligkisine yonelik anlayisa ve psikomotor becerilere sahiptir.

Fen okuryazari bireyler, fen bilimlerine iliskin temel bilgilere (Biyoloji, Fizik,
Kimya, Yer, Gok ve Cevre Bilimleri, Saglik ve Dogal Afetler) ve dogal ¢evrenin
kesfedilmesine yonelik bilimsel siire¢ becerilerine sahiptir. Bu bireyler, kendilerini
toplumsal sorunlarla ilgili problemlerin ¢6ziimii konusunda sorumlu hisseder,
yaratic1 ve analitik diisiinme becerileri yardimiyla bireysel veya isbirligine dayali

alternatif ¢6ziim Onerileri iiretebilirler. Bunlara ek olarak fen okuryazari bir birey,
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bilgiyi arastirir, sorgular ve zamanla degisebilecegini kendi akil giicii, yaratici
diisiinme ve yaptig1 aragtirmalar sonucunda fark eder. Bilginin zihinsel siireglerde
islenmesinde, bireyin i¢inde bulundugu kiiltiire ait degerlerin, toplumsal yapinin ve
inanglarin etkili oldugunun farkindadir. Fen okuryazar1 bireyler, sosyal ve
teknolojik degisim ve doniisiimlerin fen ve dogal ¢evreyle olan iligkisini kavrar.
Ayrica, fen bilimleri alaninda kariyer bilincine sahip olan bu bireyler, bu alanda
gorev almak istemeseler bile fen bilimleri ile iligkili mesleklerin, toplumsal

sorunlarin ¢éziimiinde dnemli bir rolii oldugunun farkindadir.

Bilgi Beceri Duyus Fen-Teknoloji-

Toplum-Cevre

a. Canlilar ve a. Bilimsel Stire¢ a. Tutum a. Sosyo-Bilimsel
Hayat Becerileri Konular

b. Motivasyon
b. Madde ve b. Yasam Becerileri
Degisim

¢. Degerler b. Bilimin Dogas1

- Analitik diisiinme c. Bilim ve Teknoloji

.. ¢. Sorumluluk . 7.
c. Fiziksel Olaylar oo verme iliskisi
¢. Diinya ve Evren Yaratic1 diigiinme ¢. Bilimin Toplumsal

Katkis1
- Girisimeilik B
.GII'?S?I’IICI ! d. Siirdiirtilebilir
- lletisim Kalkinma Bilinci
- Takim g¢aligmasi e. Fen ve Kariyer
Bilinci

Fen Bilimleri Dersi Ogretim Programinin Amaclari
Fen Bilimleri dersi 6gretim programi 1739 sayili Milli Egitim Temel Kanunu’nun
2. maddesinde ifade edilen Tirk Milli Egitiminin genel amaglar ile Tirk Milli

Egitimin Temel ilkeleri esas almarak hazirlanmistir.

210



Tiim bireylerin fen okuryazari olarak yetismesini amaglayan Fen Bilimleri Dersi

Ogretim Program1’nin temel amaglar1 sunlardir:

e Biyoloji, Fizik, Kimya, Yer, Gok ve Cevre Bilimleri, Saglik ve Dogal
Afetler hakkinda temel bilgiler kazandirmak,

e Doganin kesfedilmesi ve insan-¢evre arasindaki iligkinin anlagilmast
stirecinde, bilimsel siire¢ becerilerini ve bilimsel arastirma yaklagimini
benimseyip karsilasilan sorunlara ¢oziim tiretmek,

e Bilimin toplumu ve teknolojiyi, toplum ve teknolojinin de bilimi nasil
etkiledigine iligkin farkindalik gelistirmek,

e Birey, cevre ve toplum arasindaki karsilikl etkilesimi fark etmek ve
toplum, ekonomi, dogal kaynaklara iliskin siirdiiriilebilir kalkinma bilincini
gelistirmek,

e Fen bilimleri ile ilgili kariyer bilinci gelistirmek,

e Giinliikk yasam sorunlarina iliskin sorumluluk alinmasini ve bu sorunlari
cozmede fen bilimlerine iliskin bilgi, bilimsel siire¢ becerileri ve diger
yasam becerilerinin kullanilmasini saglamak,

¢ Bilim insanlarinin bilimsel bilgiyi nasil olusturdugunu, olusturulan bu
bilginin gectigi siiregleri ve yeni arastirmalarda nasil kullanildiginm
anlamaya yardimc1 olmak,

¢ Bilimin, tiim kiiltiirlerden bilim insanlarinin ortak ¢abasi sonucu iiretildigini
anlamaya katki saglamak ve bilimsel calismalar1 takdir etme duygusunu

gelistirmek,
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Bilimin, teknolojinin gelismesi, toplumsal sorunlarin ¢éziimii ve dogal
cevredeki iliskilerin anlagilmasina olan katkisini takdir etmeyi saglamak,
Dogada meydana gelen olaylara iligkin merak, tutum ve ilgi gelistirmek,
Bilimsel ¢alismalarda glivenligin 6nemini fark ettirmek ve uygulamaya
katki saglamak,

Sosyo-bilimsel konular1 kullanarak bilimsel diisiinme aligkanliklarini

gelistirmektir.
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APPENDIX C

C. INTERVIEW PROTOCOL

Akkuyu Nuclear Power Plant

Akkuyu Bay is located in Mersin, on the southeast Mediterranean coast. Akkuyu
Bay has a potential for tourism and the number of tourists visiting Akkuyu
increases each year. This contributes to the national economy to a large extent. In
Turkey, there were several attempts for a nuclear power plant in the past and
Akkuyu was also considered as a nuclear power plant site and the nuclear power
plant construction license was obtained in the past for Akkuyu. More recently
Akkuyu has again become an area for construction of nuclear power plant. There is
an increasing energy demand in Turkey and Turkey receives its electricity mostly
from natural gas, coal, and hydroelectric power. Using coal and hydroelectric
power is relatively inexpensive compared to the natural gas. However coal burning
results in air pollution and hydroelectric power damages ecological systems.
Because of these problems and increasing energy demand, The Ministry of Energy
and Natural Resources suggested that nuclear energy generation should be
considered as an option for energy demand to prevent the energy crisis in future.
Nuclear energy proponents also supported the nuclear power plant construction and

in fact they claimed that Turkey is late to take the advantages of nuclear energy.
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Therefore the Turkish government decided to construct the first nuclear power
plant in Akkuyu Bay. The nuclear power plant will supply some of the energy
demand and will minimize the coal burning air pollution and bad impacts of

hydroelectric power on ecology.

Akkuyu Bay is a sensitive ecological area serving as the habitat for many birds,
fish and especially the monk seals. Monk seal is an endangered species. A nuclear
power plant may give harm to the ecosystem and to the birds, fish, and monk seals

in Akkuyu.

Citizens, civil organizations and environmentalists were concerned about the health
of the Akkuyu residents and the surrounding ecosystem. They concluded that
nuclear power plants may cause some problems related to safety, seismic stability,
radioactive waste, cost, ecosystem and living species in Akkuyu Bay. Therefore,

they are trying to decide what to do.

Interview questions to follow the scenario.

1. Explain the situation in your own words.
2. Can Akkuyu Bay situation be solved easily?
A. Yes

B. No

If A, then: Explain why you think the Akkuyu Bay situation should be easy to

solve.
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If B, then: Explain why you think the Akkuyu Bay situation cannot be solved easily

3. If you were responsible for deciding how to resolve the Akkuyu Bay
situation, would you need additional information regarding the situation
before making your decision?

A. Yes, | would need to have additional information to make a
decision.

B. No, I have sufficient information to make a decision.

If A, then: What kinds of additional information would be necessary for you to

make a decision regarding the Akkuyu Bay situation?

If you were responsible for deciding how to resolve the Akkuyu Bay situation,
what would you recommend doing as a next step? Please explain why this would

be an effective strategy.

If B, then: If you were responsible for deciding how to resolve the Akkuyu Bay
situation, what would you recommend doing as a next step? Please explain why

this would be an effective strategy.

4. In the previous prompt, you were asked to suggest a course of action for the
Akkuyu Bay situation.
A. Describe the strengths of your proposed approach.

B. Describe the weaknesses of your proposed approach.
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5. A group of concerned Akkuyu citizens gathered to discuss a solution for the
Akkuyu Bay situation. The group suggested that nuclear power plant should
not be constructed for the health of the citizens in Akkuyu and for the
surrounding ecosystem and living species. The energy demand should be
met from sun and wind. For example; the wind turbines can be constructed
out at sea and abundant sunlight in Mediterranean region should be utilized.

A. How do you think the Turkish government would respond to this
suggestion? Please explain your response.

B. How do you think nuclear energy proponents would respond to this
suggestion? Please explain your response.

C. How do you think environmentalists would respond to this
suggestion? Please explain your response.

6. In response to the previous questions, you commented on how three
different groups (government, nuclear energy proponents, and
environmentalists) would respond to a proposed solution. Which of the
following statements most accurately reflects your responses?

A. The government, nuclear energy proponents, environmentalists
would have similar responses to the proposed suggestion.
B. The government, nuclear energy proponents, environmentalists

would have different responses to the proposed suggestion.

If A, then: Explain why you expect the government, nuclear energy proponents, and

environmentalists to have similar responses to the proposed suggestion.
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If B, then: Explain why you expect the government, nuclear energy proponents, and

environmentalists to have different responses to the proposed suggestion.
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APPENDIX D

D. OPEN-ENDED QUESTIONS

. What is nuclear energy?

. What is the radioactivity?

. What is radioactive waste?

. What is the relationship between the radioactivity, radioactive waste and
nuclear energy?

. What is the controversy associated with nuclear power plant construction?
Is nuclear power plant construction a challenging problem? Why or why

not?
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APPENDIX E

E. FIRST REFLECTION PAPER

In reflection paper that you will submit, first write your ideas about the past two
weeks’ classroom discussions and what they contributed to your learning. Then

answer each question below and support your ideas.

1. Is Turkey Facing Energy Gap? Justify your response.

2. Is Nuclear Energy Cheap? Justify your response.

3. Is Nuclear Energy Clean? Justify your response.

4. 1s Nuclear Energy Safe? Justify your response.

5. Is nuclear energy reduces Turkey’s dependence on foreign sources? Justify
your response.

6. Is Radioactive Waste Dangerous? Justify your response.

7. What is your personal opinion about nuclear power plant construction?

(write a general view about it)
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APPENDIX F

F. SECOND REFLECTION PAPER

In second reflection paper that you will submit, write your ideas for each question

below.

1. What did you learn from this activity?

2. What would you change if you were planning to do the activity again?

3. What problems did you encounter in the activity?

4. Write your personal decision on nuclear energy?

5. Write your personal recommendations to the authorities about nuclear
energy?

6. How do the authorities react to your recommendations?
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APPENDIX G

G. TRANSLATED INTERVIEW EXCERPTS

1. Excerpt given for the complexity aspect of SSR

4-1: Not easy. This is nuclear. We had
bad experience in the past. | think it
should not be constructed. It can be
very dangerous.

4-2: Of course not easy. NPP has
advantageous and disadvantageous.
That’s why it is difficult to decide.
Everyone treats according to their own
benefits. Ok it will provide more
energy since bombarding uranium
with neutron that’s fission and huge
energy comes out. And also we have
rich uranium source and this will
decrease the cost for the source. On
the other hand, as a result of NPP,
environment and people can get
damaged. Nuclear waste is radioactive
and its radioactivity does not stop in a
short time. It keeps releasing radiation
for long. It should get cold first which
requires time and then should be kept

4-1: Kolay degil. Bu niikleer. Ge¢miste
kotii deneyimlerimiz oldu. Bence

kurulmamali. Cok tehlikeli olabilir.

4-2: Tabiki kolay degil. Niikleer santralin
hem avantajlari hem de dezavantajlari
var. Bu ylizden karar vermesi zor bir
durum. Herkes kendi ¢ikarina gore
hareket ediyor. Tamam, daha fazla energy
saglayacak ¢linkii uranyum nétron
bombardimanina tab tutulacak ve ¢ok
bliyiik enerji elde edilecek. Uranyum
kaynaklarimiz da bol bu da kaynak
maliyetini diisiirecek. Ama diger taraftan
cevre ve insanlar niikleer santralden
etkilenecekler. Niikleer atik radyoaktif ve
uzun sure radyoaktifligi devam ediyor.
Yillarca radyasyon yayacak. Bu atik
oncelikle sogutulmali ki zaman gerekli
sonar yer altina gdmiilmeli ki diger

sorunlar1 beraberinde getiriyor. Saklamak
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underground which results in other
problems. Checking them in
underground is required. The type of
container is really important to prevent
leakage of radioactive material. | mean
lots of issues should be considered
before making a decision. The health
of people and other living things in
that area also gets threatened. NPP
probably will use the sea water in
Akkuyu for cooling and it will be also
sent back to the sea. So the marine life
will be affected by radioactive
materials too. People may swim in the
sea and can be affected. This requires
good evaluation of all these issues and
it is difficult.

23-1: It cannot be solved easily. Some
people may support the construction of
NPP but the people living there do not
want it due to the risk of radiation.
Therefore environmentalists and local
people protest too much and resist so
the situation become more difficult.
23-2: Cannot be solved easily...This is
so controversial. Yes it has good
points but it has also bad ones.
Therefore it is difficult to deal with.
We all know how dangerous NPP is

and experienced it in Chernobyl even

i¢in kullanilan kutu ya da konteynir her
neyse radyasyon sizintilarina izin
vermemeli ve bud a belli araliklarla
control edilmeli. Demek istedigim karar
vermeden once dikkate alinmasi gereken
0 kadar ¢ok nokta var ki. O bolgede
yasayan insanlarin sagliklar1 tehdit altinda
olacak. Santral sogutma islemleri i¢in
deniz suyunu kullanacak sonar bu su
tekrar denize verilecek. Sonugta da
denizde yasayan canlilar da radyasyon
alacak. Insanlar denizde ytizebilir onlar
etkilenecek. Bu konu gercekten tiim
bunlarin iyi degerlendirilmesini

gerektiriyor bu yiizden de zor.

23-1: Kolayca ¢oziime ulasilamaz. Bazi
insanlar santralin kurulmasini destekliyor
ama orada yasayanlar radyasyon
riskinden dolayi istemiyor. Bu ylizden
cevreciler, yerel halk protesto ediyorlave
direniyorlar bud a durumu daha karmasik
yapiyor.

23-2: Kolayca ¢oziilemez. Bu ¢ok
tartigsmali bir konu. Evet, 1y1 seyleri var
ama ayni zamanda kotiileri de var. Bu
yiizden iiztesinden gelmek zor. Hepimiz
biliyoruz ki niikleer santral tehlikeli ve

¢ernobilde bunu yasadik ki bizim {ilke
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it is not in our country. But how will
we supply energy. This is also
important issue to consider because
energy is very important for Turkey
and its development. But it has also
some drawbacks. Environment and
society can be affected due to nuclear
waste, radiation. Sea water will
probably used to cool down in NPP
and it will be returned to the sea which
can carry some radioactive materials to
the sea. Soil can be influenced from
radiation and agricultural production
can be also under risk. So energy need,
economy are on one side,
environment, people, health, etc. are
on the other side. Difficult to decide.
12-1: It can be solved easily because
there are many people dealing with it.
Of course it requires research and
planning but at the end, after weighing
negative and positive aspects, can be
decided accordingly.

12-2: 1t is rational not to decide easily.
I mean we should not decide quickly.
Because it has impact on both human,
animals, and environment but it also
affects economy, our dependency on
foreign sources. We cannot think just

ecosystem there and decide

sinirlarimizda bile degildi. Ama enerji
ihtiyacimizi nasil karsilayacagiz. Bu da
tizerinde durulmasi gerekn 6nemli bir
konu ¢iinkii Tiirkiyenin gelismesi igin.
Ama niikleer santralin de sakincalar1 var.
Cevre, toplum niikleer atiktan,
radyasyondan etkilenebilir. Muhtemelen
santraldeki sogutma islemleri i¢in deniz
suyu kullanilacak ve tekrar denize
dokiilecek ki bu giden su radyoaktif
maddleri denize tasiyabilir. Toprak
radyasyondan etkilenebilir ve tarim
tirtinleri risk altinda olabilir. Yani energy
ihtiyaci, ekonomi bir tarafta, ¢evre,
insanlar, saglik diger tarafta. Karar

verilmesi zor.

12-1: Kolayca ¢oziilebilir ¢iinkii bu
durumla ilgilenen bir siirii insane var.
tabiki 1yi bir arastirma ve planlama
gerektiriyor. Sonunda negative pozitif

yonleri tartilir ve karar verilir.

12-2: Kolay karar verilmesi mantikli
degil. Demek istedigim ¢abuk karar
vermemliyiz. Cilinkii hem insanlar,
hayvanlar, ¢cevre hem de economi, dis
iligkiler tizerinde etkisi var. Sadece
ekosistemi diisiiniip diger etmenleri

gormemezlikten gelip karar veremeyiz.
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accordingly ignoring other
dimensions. But we cannot only
consider economy and ignore
ecosystem, environment, people, and
health. NPP is efficient in terms of
energy production, we get more
energy, and we use uranium that we
have.

15-1: Two sides have strong supports.
| mean there are people who want the
construction of NPP and who are
against it. For NPP, instead of
Akkuyu, we may find another place
which does not have a lot of livings. |
mean a rural place far from people,
livings etc.

15-2: Well | think difficult. It has
many disadvantages compared to
advantages. It will meet the energy
need to a large amount. This is its
positive side. However we should
think the harm given to environment.
There are radioactive materials
released from NPP. Their effects last
for long years because of the life time
of radioactive elements. They
continually release radiation. This is so
bad. People can get radiation directly.
They also can get radiation through

their foods because the food also keeps

Diger taraftan sadece ekonomiyi diisiiniip
ekosistem, ¢evre, insanlarin sagligini da
gormemezlikten gelemeyiz. Niikleer
santral enerji iiretimi agisindan ¢ok
verimli. Daha ¢ok enerji ederiz ve bu
enerjiyi elde etmek icin de kaynagimiz

var.

15-1: iki tarafin da giiclii destekleri var.
Yani niikleer santralin kurulmasini
isteyenler ve istemeyenlerin. Akkuyu
yerine, bagka bir yer bulabiliriz ¢ok
canlinin yasamadig1. Yani boyle kirsal

insanlardan, canlilardan vs. uzak bir yer.

15-2: .....Sanirim zor. Avantajlarini gore
dezavantajlar1 daha fazla. Enerji ihtiyacini
bliyiik ol¢iide karsilayacak. Bu olumlu
yani. Ama g¢evreye verdigi zarar1 da
diistinmek zorundayiz. Santralden ¢ikan
radyoaktif maddeler var. Bunlarin etkisi
uzun yillar siiriiyor ¢ilinkii radyoaktif
elementlerin yar1 dmrii denilen bir durum
var. Siirekli radyasyon yayiyorlar. Bu ¢ok
kotii bir sey. Insanlar direk radyasyon
aliyorlar. Ayrica yediklerinden de
radyasyon alabilirler ¢linkii gidalar da
radyasyonu tutuyor ve bud a insanlar iki

kat zarar verir. Niikleer atik ¢ok tehlikeli.
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radiation and this gives double harm to
the people. Nuclear waste is really
dangerous. We should keep them
underground but how? We do not have
necessary equipments and these also
cost too much and then we should
keep them under control for years. |
am not sure that Turkey can do this. In
this problem, everyone is right
actually. Government wants to get
bigger and bigger and so just focus on
economy and ignores other issues.
This is what developing countries do.
The energy is required to develop. But
on the other hand, there is a group of
people trying to protect natural life, the
health of society, the ecological

system.

Yer altinda saklamamiz gerekiyor ama
nasil? Gerekli donanimiz yok zaten
bununda masrafi ¢ok ve bu atiklari
yillarca kontrol etmeliyiz. Ben Tiirkiyenin
bunu saglayabilecegini diistinmiiyorum.
Niikleer santral konusunda herkes hakli
aslinda. Hiikiimet biiyiimek istiyor bu
yiizden ekonomi lizerinde duruyor ve
diger seyleri gormemezlikten geliyor.
Gelismekte olan iilkelerin izledigi bir
yontem bu. Enerji gelismek i¢in gerekli.
Ama diger yandan dogal yasami,
toplumun sagligini ekosistemi korumaya

calisan da bir grup var.
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2. Excerpts given for the inquiry aspect of SSR

17-1: Some alternative places for NPP
can be mentioned. Public should be
informed about NPP. Some people
protest it without knowing nothing but
some knows about NPP and do not want
it. The ideas of these people can be
mentioned.

17-2: Detailed information is required.
Geological background should be
mentioned, for example. Earthquake is
biggest enemy of NPPs. | need more
information about NPP. This is like
newspaper article. For example what
disadvantageous NPP has? What about
the rate of decay of radioactive
materials and how long is required for
them to be stable without releasing
radiation. How ecosystem is affected? It
will be better if these are considered.

2-1: It seems enough. If I were, | will
not construct it.

2-2: | need extra information of course.
These are so superficial. | want to learn
earthquake risk of Akkuyu. | want to
learn how much radioactive material
will be released and how the level of
radiation affects people and livings.
What people think about NPP? They

17-1: Niikleer santral i¢in alternative
yerlerden bahsedilebilirdi. Halk niikleler
santral konusunda bilgilendirilmeli.
Insanlar bilmeden protesto ediyorlar ve
istemiyorlar. Bu insanlarin fikirlerine

yer verilmeli.

17-2: Detayl bilgi gerekli. Ornegin,
jeolojik acidan gecmisinden
bahsedilmeli. Deprem niikleer santralin
en biiyiik diismani. Kesinlikle daha fazla
bilgiye ihtiyacim var. Bu daha ¢ok
gazete yazisi gibi olmus. Ornegin
niikleer santralin dezavantajlarindan
bahsedilmeli. Radyoaktif maddelerin
bozunma hiziyla ilgili ve karali hale
gecmeleri i¢in ne kadar sure gerekli ki
radyasyon yaymasinlar. Ekisistem nasil
etkilenecek. Bunlarin da lizerinde
durulsa iyi olacak.

2-1: Yeterli goriiniiyor. Ben olsaydim
kurmazdim.

2-2: Tabiki ekstra bilgiye ihtiyacim var.
bunlar ¢ok yiizeysel. Akkuyudaki
deprem riskini 6grenmek istiyorum. Ne
kadar radyoaktif madde agiga ¢ikacak
ve radyasyon insanlari, canlilari
etkileyen nasil etkileyecek. insanlarin

niikleerle ilgili fikri ne? Istiyorlar m1
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want it or not. How will it affect
environment and species? Lots of things
| need. | want to learn the amount of
money to construct it, to deal with
nuclear waste, to maintain it, to
deconstruct it when it is shut down
because we learned that it has a life time
and cannot work forever. So these are
needed to be investigated in detail to
construct or not to construct it. We
should know whether it is worth doing
or not. And also | want to compare the
energy produced with NPP and other
power plants. Actually | want to
compare NPP and other power plants in
terms of all their advantages and
disadvantages.

4-1: Of course | need more information.
How is it constructed? What happens in
case of an accident? | need detailed
information. What happens to the
regions after constructing NPP? These
should be investigated.

4-2: | need a serious research. Well, it
says we have insufficient energy. First |
will investigate how much energy we
need and can we meet it through other
energy sources. We can really have
energy need because our population

increases and we develop in industry

istemiyorlar m1? Cevre ve tiirler nasil
etkilenecek? Bir siirii seye ihtiyacim
var. Kurulmasinin maliyeti nedir,
niikleer atiklarin {istesinden nasil
gelinecek, santralin bakim masraflar1 ve
yikimi ne kadar tutacak? Ciinkii
ogrendigimiz kadariyla her niikleer
santralin bir dmrii var sonsuza kadar
calisamaz. Yani bunlar daha detayh
incelemenmesi gereken konular.
Yapmaya deger mi yoksa degmez mi?
ayrica niikleer santralden iiretilen enerji
miktartyla diger santrallerden iiretilen
enerji miktarini karsilagtirilmasini
isterim. Aslinda tiim avantaj ve
dezavantajlart agisindan
karsilastirilmasini isterim.

4-1: Tabiki daha fazla bilgiye ihtiyacim
var. Nasil kuruluyo? Kaza aninda neler
oluyor? Detayl bilgi lazim. Kurulan
bdlgede neler oluyor? Bunlar

arastirilmali.

4-2: Ciddi bir aragtirmaya ihtiyag var.
...Enerji ag1g1im1z oldugundan
bahsedilmis. Oncelikle ne kadar enerjiye
thtiyacimiz var ve diger enerji
kaynaklartyla karsilayabilir miyiz bunu
arastirirdim. Niifus hizla artiyor ve

sanayide teknolojide gelisiyoruz bu
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and technology. Then | search for NPP
worldwide. What happened in countries
where NPP was constructed? What
happened to environment? Species may
become extinct. Plants, foods may get
radiation. | read that after Chernobyl,
tea and nuts were radiated in Black Sea
region. | will also search Akkuyu. 1 do
not know if it is in earthquake zone. If
so, this may cause accidents and
leakages. | also want to know the
thoughts of people living there about
NPP. It directly affects people. They
may want since you know it creates jobs
opportunities. Or they may not want
since bad experience in the past. What
else? I think that’s all. I communicate
with economists, environmentalists,
citizens. This is so important to make a

decision which could be doing it or not.

23-1: Yes. Why Akkuyu? Is there a
special reason for it? It can be another
place, more rural. There are many areas,
not productive or touristic. | need
justification for Akkuyu so that |
become convinced otherwise | do not
want it.

23-2: No, these are not enough to make

yiizden eerjiye ihtiyacimiz oldugu
dogru. Sonra diinyadaki niikleer
santralleri arastirirdim. Niikleer santral
kurulan iilkelerde neler olmus? Cevreye
ne olmus? Tiirler yok olabilir. Bitkiler,
yiyecekler radyasyondan etkilenebilir.
Cernobilden sonra Karadenizde ¢ay ve
findikta radyasyon tespit edildi.
Akkuyuyu da arastiririm. Deprem
bolgesinde mi bilmiyorum. Eger dyleyse
bu kazalara ve sizintilara yol agabilir.
Orda yasayan yerel halkin fikrini
ogrenmek isterim. Sonugta bu onlar1
direk etkileyecek. Is imkan1 dogacagi
icin santralin kurlumunu
destekleyebilirler. Ya da ge¢misteki
kotii denyimlerden sonra
istemeyebilirler de. Baska. Sanirim bu
kadar. Ekonomistlerle, ¢cevrecilerle,
vatandaslarla iletisime gecerim. Bunun
yapilmasina ya da yapilmamasina karar
vermeden once arastirilmasi 6nemlidir.
23-1: Evet var. Neden Akkuyu? Ozel bir
sebebi mi var? Bagka bir yer daha kirsal
mesela... Bir¢ok alan var verimsiz,
turistik olmayan. Akkuyunun segilme
nedenini 6grenmeliyim ve ikna
olmaliyim lazim yoksa santrali
istemiyorum ben.

23-2: Hayir, bunlar iyi bir karar
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a good decision. For example, detailed
information was not given about seismic
stability. It is so important for NPP to
function safely and also for nuclear
waste to be stored in safe and not to be
polluted with radioactive materials.
How radiation affects people and other
livings. What levels of radiation are
risky for them? Up to a level it is not
dangerous. We all get radiation through
roentgen but that is minimum and do not
affect much. I also want to know how
nuclear waste will be stored If NPP is
constructed. That is also highly
radioactive and needs long years to
decay. Half life of uranium to decay is
very long. I do not know the exact
number but it is really long. Turkey is
not so careful about such dangerous
things. You know the nuclear waste
tragedy in Istanbul and Izmir. Without
NPP, we have nuclear accident.

9-1: According to me it is enough. It
gives advantageous and
disadvantageous and then asks for what
to do. That’s enough for me.

9-2: Of course | need. For example it

says there will be energy need but we do

verebilmek icin yeterli degil. Ornegin
sismik acidan durum ne detayl bilgi
verilmemis. Niikleer santralin giivenli
bir seklde ¢alisabilmesi i¢in bu ¢cok
onemli. Ayn1 zamanda niikleer atiklarin
giivenli bir sekilde depolanmasi ve
radyoaktif madde kirliligine yol
agmamasi ag¢isindan da 6nemli. Sonra
radyasyon insanlar1 diger canlilar1 nasil
etkiliyor? Hangi seviyedeki radyasyon
bunlar i¢in riskli? Bir seviyeye kadar
tehlikeli degil. Hepimiz rontgen
vasitastyla radyasyon altyoruz ama bu
minimum ve fazla etkilemiyor. Niikleer
atiklarin nasil depolanacagi ile ilgili de
bilgi istiyorum. Bu atiklar ¢ok
radyoaktif ve bozunmalar1 i¢in yillar
gerekli. Uranyumun yar1 dmrii ¢cok
uzun. Tam olarak bilmiyorum ama
bayag1 uzundu. Tiirkiye bu gibi tehlikeli
konularda ¢ok dikkatli degil. Istanbul ve
Izmir’deki niikleer atik kazalarini
biliyorsunuz. Niikleer santralimiz
olmadan niikleer kazamiz var bizim.
9-1: Bana gore yeterli. Avantajlarindan
ve dezavantajlarindan bahsediyor ve ne
yapilmas1 gerektigini soruyor. Bu benim
icin yeterli.

9-2: Tabiki ihtiyacim var. Ornegin,

enerji ihtiyact oldugundan bahsedilmis
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not know how much? It is said that
nuclear energy will be cheaper than
other energy sources but how much?
Because some nuclear energy opponents
claim that nuclear energy is more
expensive since its construction was
expensive and it should be
deconstructed which requires another
costs. Moreover nuclear waste should be
stored and checked which means
another cost. The information about
how nuclear waste will be stored is not
given. This is a really serious problem.
They need to be stored in safe
containers otherwise they can mix with
water which can be used in agriculture.
Then people may also get it. It mentions
about seismic stability briefly. I really
need the seismic status of Akkuyu. In
case of an earthquake nuclear power
plant can be damaged.

6-2: It is not enough and I need more
information. | want to learn more about
ecology in Akkuyu, seismic background
of it. We learned that seismic stability is
required to construct a NPP otherwise it
may be dangerous. | also investigate if
we really need energy. It is also
important to know our uranium

resources. If they are not sufficient then

ama ne kadar? Niikleer santralin diger
enerji kaynaklarindan daha ucuz oldugu
sOylenmi ama ne kadar? Ciinkii baz1
niikleer santral karsitlar1 niikleer
enerjinin daha pahali oldugunu
sOyliiyor. Sebep olarak da kurulumunun
masrafli oldugu ayrica yikilmasi
gerektigi ve bunun da ayrica bir masraf
oldugu sdyleniyor. Sonra niikleer
santral depolanmal1 ve control edilmeli
bu da ekstra bir maliyet. Niikleer
santralin nasil depolanacagi ile ilgili
bilgi verilmemis. Bu ¢ok ciddi bir
problem. Giivenilir sartlarda
depolanmal1 yoksa radyasyon suyla
karisabilir ve tarimda kullanilirsa
insanlar etkilenebilir. Sismic durumdan
kisaca bahsetmis. Akkuyunun seismic
durumu nedir gercekten 6grenmeliyim.
Deprem durumunda niikleer santral
zarar gorebilir.

6-2: Yeterli degil ve daha fazla bilgiye
ihtiyacim var. Akkuyunun ekolojisi,
deprem ge¢misini 6grenmek istiyorum.
Niikleer santralin kurulmasi i¢in sismik
acidan kararlilik olmasini gerektigini
ogrendik aksi takdirde tehlikeli olabilir.
Ayrica gergekten enerji ihtiyacimiz olup
olmadigini da arastirirdim. Uranium

kaynaklarimiz hakkinda bilgi sahibi
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we may import it and this also requires a
different budget. This may not be
beneficial because we want to construct
NPP since it produces cheap energy but
if we do not have enough uranium then
it does not produce cheap energy. | also
look for what we will do with nuclear
waste. It is another problem. Where will
they be kept? They emit radiation for
years. We should bury them
underground but we should also check
them regularly. If there is any leakage to
underground water or the place we bury
is an earthquake zone then serious
results occur. Ok we want to construct a
NPP but we do not consider its waste. It
is not like domestic waste. So | should
do research about nuclear waste and
how to deal with it. Of course | do not
mean | will decide to construct it but |
will consider its advantages and
disadvantages in terms of different
aspects and then I will think. I mean |

will not decide quickly.

10-2: There is. Information should be
collected on how much energy need
Turkey has. Then | need the data for

how much harm coal plant gives. The

olmak da 6nemli. Eger yeterli degilse,
ithal etmek zorunda kalabiliriz bud a
ayr1 bir biitge gerektirir. Bu zaten ¢ok
faydal1 olmaz ¢iinkii niikleer santalin
kurulma gerekcelerinden birisi ucuz
enerji saglayacak olmasi. Eger yeterli
uranyumua sahip degilsek ucuz enerji
iiretemeyiz. Niikleer atikla nasil basa
¢ikacagimizi da arastirirdim. Bu ayr1 bir
sorun. Nerede saklanacak? Yillarca
radyasyon yayiyorlar. Yeraltina
gdmmemiz gerekiyor ve diizenli control
etmemiz gerekiyor. Eger herhangi bir
sizint1 olursa yeralt1 sularina karisabilir
ya da gdmdiiglimiiz yerde deprem olursa
ciddi sonuclar olusabilir. Tamam
niikleer santralin kurulmasini istiyoruz
ama atiklar diigiinmiiyoruz. Ev atigina
benzemiyor bu. Bu yiizden niikleer atik
ve onunla nasil basa ¢ikacagimizla iligili
arastirma yapardim. Tabiki kurmaya
karar verdigimi soylemiyorum. Ama
avantajlarin1 dezavantajlarini, farklh
acilardan degerlendirir ve diiglintirdiim.
Cabuk karar vermeyecegimi demek
istiyorum.

10-2: Var. Ne kadar enerji gerektigiyle
ilgili bilgi alinmali. Kémiir santrallerin
ne kadar zarar verdigiyle ilgili bilgiye

ihtiyacim var. farkli enerji kaynaklarinin
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comparison of different energy sources  enerji verimliligiyle ilgili

in terms of their efficiency should also karsilastirilmasi verilmeli. Eger niikleer
be given. If NPP is constructed, what santral kurulacaksa, avantajlari,
advantageous and what disadvantageous dezavantajlar1 ne olacak. Detays1 bilgiye

it will have. I need detailed information. ihtiyacim var.
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3. Excerpts given for the multiple perspectives aspect of SSR

2-1: Government, nuclear energy
proponents and environmentalists will
react in a different way but government
and nuclear energy proponents can share
some common views. Government does
not probably support the Akkuyu
citizens. Environmentalists support the
Akkuyu citizens. As far as | know wind
and solar energy are not dangerous.
They do not do anything to livings.
They will like this suggestion. Nuclear
energy proponents will ... I do not know
how they react.

2-2: They react differently, I think.
Government and nuclear energy
proponents will not support the Akkuyu
citizens while environmentalists will
support. They react different because
they think different. They have different
reasons for NPP. This suggestion is not
the one that government will like. |
mean wind and solar energy are
renewable energy sources and they do
not emit harmful gases. But government
would probably say that, we already
have them in some parts of Turkey but
they are not sufficient and we need more
energy for now and for future. NPP

produces more energy and it does not

2-1: Hikiimet, niikleer enerjiyi
savunanlar ve ¢evreciler bu ¢oziime
farkli tepki verirler. Ama hiikiimetin ve
niikleer enerjiyi savunanlarin ortak
fikirleri olabilir. Hiikiimet Akkuyu
halkin1 desteklemeyecektir. Cevreciler
destekleyeceklerdir. Bildigim kadariyla
rlizgar ve gilines enerjisi tehlikeli degil.
Canlilara birsey yapmiyorlar. Cevreciler
bu fikri severler. Niikleer enerjiyi
savunanlar.... Nasil tepki vereceklerini

bilmiyorum.

2-2: Sanirim farkli tepki verirler.
Hiikiimet ve niikleer enerjiyi savunanlar
Akkuyu halkini desteklemezler ama
cevreciler destekler. Farkli tepki verirler
clinkii farkl diistiniiyorlar. Niikleer
santral i¢in farkli sebepleri var.
hiikiimetin begenecegi bir oneri degil
yani riizgar ve giines. Bunlar
yenilenebilir enerji kaynaklar1 ve zararl
gaz salinim1 yapmiyorlar. Ama hiikiimet
muhtemelen Tiirkiyenin bazi
bolgelerinde zaten bunlarin oldugunu,
ama yeterli olmadigin1 gelecekte daha
cok enerjiye ihtiyactmiz oldugunu
sOyleyecektir. Niikleer santral cok enerji

liretiyor ve riizgar ya da giines gibi
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stop like wind or solar. Therefore
government does not want wind and
solar and try to convince people to have
a NPP. Nuclear energy proponents also
may claim that wind and solar are not
efficient as NPP so we should construct
NPP. Environmentalists support them
because they are less harmful. Ok wind
turbines can be harmful for birds since
we learned birds cannot see them and
crash them but | do not think they will
give more harm when we compare them
with NPP. And nuclear energy
proponents may say that huge areas are
required for them and even they may not
produce enough energy. But we have
lots of empty areas and I think that they
should be utilized.

6-1: I think there may be differences
between them. | do not know exactly
how government reacts to this solution.
But in my opinion, it should focus on
wind and solar. Akkuyu is in south part
of Turkey and it receives sunlight more
and this can be a very good alternative.
The government should really pay

attention to this. The local people are

durmuyor. Bu ylizden hiikiimet riizgar
ve giines Onerisini istemez ve insanlari
niikleer santral i¢in ikna etmeye calisir.
Niikleer santrali savunanlar ise giines ve
riizgarin niikleer kadar verimli
olmadigini ve niikleer santral kurmamiz
gerektigini sOylerler. Cevreciler halki
destekler ¢iinkii rlizgar, giines daha az
zararli. Tamam bunlar da zararh
olabiliyor mesela riizgar tribiinleri
kuslar i¢in tehlikeli olabiliyor. Kuslarin
bu tribiinleri gérmeyip ¢arptigini
ogrenmistik. Ama ben bunlarin verdigi
zararin niikleer ile karsilastirilabilecek
kadar ¢ok oldugunu diigiinmiiyorum.
Sonra niikleer enerjiyi savunanlar bunlar
icin ¢ok fazla alan gerektigini ve buna
ragmen yeterli enerji tiretemediklerini
1ddia edebilirler. Ama ¢ok fazla bos
alanimiz var ve bence bunlar
degerIndirilmeli.

6-1: Bence aralarinda farkliliklar
olabilir. Bu 6neriye hiikiimetin nasil
tepki verecegini tam olarak bilmiyorum.
Ama bence riizgar ve gilines enerjisi
iizerinde durmalilar. Akkuyu
Tiirkiye’nin giineyinde ve daha fazla
giines alan bir bolge. Bu ¢ok iyi bir
alternative olabilir. Hiikiimet buna kulak

vermeil. Yerel halk hakli ¢linkii niikleer
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right because they will live with NPP
and their ideas are most important. |
wish nuclear energy proponents just
look and say nothing. Actually this
solution is a very positive one. But you
know there is an opposing view that is
NPP is better. They do not want wind or
solar energy since they support nuclear
and they think we should have it
immediately to be a developed country.
Environmentalists support the citizens.
Very clean and environmentally friendly
energy will be produced so they will
support the Akkuyu citizens and will do
everything to protest NPP. Can you
imagine? There is wind outside and it
blows whether you make use of it or
not. Why should not we make use of it?
It is free in terms of source and you do
not have to do anything. Just wind
comes and makes the turbines turn and

you have the energy. This is amazing.

6-2: They will react differently.
Government thinks that NPP is
economic. They tell that we will have
cheap energy, more energy and there
will be job opportunities. It will not pay
attention to wind and solar because

wind and solar does not produce more

santral ile onlar yasayacaklar ve onlarin
fikirler en 6nemlisi. Niikleer enerjiyi
savunanlarin bakakalip hicbirsey
sOyleyememelerini diliyorum. Aslinda
halkin getirdigi 6neri ¢ok olumlu. Ama
biliyorsunuz niikleerin daha iyi
oldugunu savunan bir kesim de var.
riizgar ya da giinesi istemiyorlar ¢linkii
niikleeri destekliyor ve bir an 6nce
gelismis iilke olabilmemiz i¢in
kurulmasi gerektigine inantyorlar.
Cevreciler halki destekler. Temiz ve
cevre dostu enerji tiretilecek bu yiizden
Akkuyu halkinin yaninda yer alirlar ve
niikleere kars1 ¢ikmak igin ellerinden
geleni yaparlar. Diisiinebiliyor
musunuz? Ister kullanin ister
kullanmayin disarida riizgar esiyor.
Neden bundan faydalanmayalim.
Kaynag1 bedava ve dyle birsey
yapmaniza da gerek yok. Riizgar geliyor
triblinleri dondiiriiyor ve enerjiye
sahipsiniz. Bu harika.

6-2: Farkli tepki verirler. Hiikiimet
niikleerin ekonomik oldugunu
diisiinecek. Ucuz enerjiden ve is
imkanlarindan bahsedecek. Riizgar ya
da giines Onerisine kulak asmayacak
clinkii bunlar fazla enerji iiretmiyor.

Riizgar tribiinlerinin ya da glines
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energy like NPP. They may say that
constructing wind turbines and solar
panels also requires huge land areas and
this also damages environment. And
they may claim that a minimum of wind
is required to make the turbines turn and
produce electricity. However NPP is not
like them. It produces energy all time.
Wind turbines and solar panels also
require maintenance and this has a cost
too. Nuclear energy proponents may
claim that nuclear energy help Turkey
develop more and be independent. They
say that wind and solar are not so
environmentally friendly since their
construction also damages environment
and some birds crash the turbines and
they may die. Nuclear proponents say
that turbines also give harm to animals.
When they broke down, to fix them is
also expensive. And they do not meet
the energy need. They may be helpful in
local areas but for energy need across
country, they are not sufficient. The
environmentalists will support wind and
solar since they are renewable energy
sources. They may say that solar is the
main energy source for the earth and we
should make use of it. They may claim

that wind and solar do not emit any gas

panellerinin kurulmasi i¢in genis ¢capl
araziler gerektiginden bunun da ¢evreye
zarar vereceginden bahsedebilirler.
Ayrica tribiinlerin donmesi ve enerji
iiretilmesi i¢cin minimum hizda bir
rlizgar gerekli. Ancak niikleer bunlar
gibi degil. Devamli enerji iiretimi s6z
konusu. Ayrica riizgar tribiinlerin ve
giines panellerinin de bakim masraflari
var. Niikleer enerjiyi savunanlar
niikleer enerjinin Tiirkiye nin
gelismesine ve dis lilkelerden bagimsiz
olmasina katkis1 olacagini iddia
edebilirler. Ayrica riizgar ve giines
enerjiilerinin de ¢ok masum olmadigini
sOyleyebilirler. Bunlarin kurulumu i¢in
cok biiytik alanlar gerekli ve gevreye
zarar verebilir. Ya da kuslar tribiinlere
carpip Olebiliyorlar. Yani hayvanlara
zararlar1 oluyor. Bozulduklar1 zaman
tamir masraflar1 ¢cok ve ihtiya¢ duyulan
enerjiyi karsilamiyorlar. Yerel
bolgelerde faydali olabilir ancak iilke
capinda yetersiz kaliyorlar.Cevreciler
rlizgar ve glines enerjisini
savunacaklardir ¢iinkii yenilenebilir
enerji kaynaklari. Giinesiin diinya iginde
ana enerji kaynagi oldugunu, ve
faydalanmamiz gerektigini

sOyeleceklerdir. Riizgar ve giines
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to the atmosphere. Ok they may require
land areas to be constructed but they
will say that this will not give harm to
people, environment, nature and animals
as much as NPP. The government and
nuclear energy proponents may say that
the maintenance and repair of them is
expensive. However they forget that
NPP also requires maintenance and
when it breaks down, it may cause
serious problems. NPP is equal to
radiation and the nuclear waste is so
dangerous even you cannot imagine.
Nuclear waste should be stored in safe
places and checked regularly to prevent
leakage. The environmentalists claim
that the government will not care about
nuclear waste in future and they will not
check it regularly so we may face more

serious problems in future.

15-1: They react differently because
they focus on different things.
Government probably will think that
how much they will cost [wind and solar
energy] since they are responsible to
pay the cost, they will think in terms of
cost. The nuclear energy proponents

may say that there is global warming

enerjisi Uiretiminde atmosphere zararl
gaz salinimi1 olmamakta. Biiyiik alanlar
gerektirdigi dogru ancak insanlara
cevreye, dogaya hayvanlara niikleer
santral gibi zarar vermez. Hiikiimet ve
niikleer enerjiyi savunanlar riizgar
tribiinleri ve gilines panellerinin bakimi
ve tamirinin pahali oldugunu iddia
edebilirler demistim ama unuttuklari
birsey var niikleer santral de bakim
gerektiriyor ve bozuldugu zaman ¢ok
daha ciddi sorunlara yol acabiliyor.
Niikleer santral esittir radyasyon demek
ve niikleer atiklar ¢ok tehlikeli. Bu
atiklar giivenli yerlerde depolanmali1 ve
sizintilar agisindan siirekli control
edilmeli. Cevreciler hiikiimetin niikleer
atiklara gereken ehemmiyeti
gostermeyeceklerini, diizenli controller
yapmayacaklarin1 ve bu yiizden ¢ok
daha ciddi sorunlarla gelcekte kars:
karstya kalacagimizi iddia edebilirler.
15-1: Farkl1 tepki verirler ¢iinkii farkli
seylere odaklaniyorlar. Hiikiimet
muhtemelen riizgar ve giinesin ne kadar
maliyeti oldugunun tizerinde duracaktir
¢linkii paray1 onlar 6deyecek ve maliyet
acisindan olaya bakacaklar. Niikleer
enerjiyi savunanlar kiiresel 1sinma

oldugundan bahsedebilir ve riizgar ve
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and we cannot guarantee wind or solar.
Environmentalists accept this since they
[wind and solar energy] are natural
sources and they do not give too much
harm to the environment.

15-2: They give different reactions.
Government most probably will think in
terms of economy aspect of NPP and
ignore others. Wind and solar energy do
not produce much energy. They are not
so efficient. They require more areas
than NPP and they still do not produce
same amount of energy. Moreover wind
turbines, for example require a
minimum level of wind to turn. If not,
then they stop. | mean they do not
produce energy continually so they are
not so effective to meet the energy need
of Turkey. These are what our
government will say. The proponents
may also talk about how cheap
electricity will be produced and this will
be reflected on bills. Some people
believe that, I am sure. They may claim
that we do not have enough area for
wind turbines and solar panels to get the
same amount of energy produced by
NPP. They require maintenance much
more than NPP. They also damage

environment to be constructed.

giines enerjisinin garantisi olmadigini
sOyleyebilir. Cevreciler bu 6neriyi
Kabul ederler ¢iinkii dogal kaynaklar ve

cevreye cok zarar vermeyeceklerdir.

15-2: Farkl: tepki verirler. Hiikiimet
ekonomi agisinda olaya bakacak ve
niikleeri diistinecek digerlerini goz ardi
edecektir. Riizgar ve giinesten ¢ok fazla
enerji elde edilemiyor. Cok verimli
degiller. Niikleere kiyasla daha biiyiik
alanda kuruluyorlar ama ayn1 miktarda
enerji bile iiretemiyorlar. Riizgar
enerjisinin ¢aligmasi i¢in minimum
seviyede riizgar lazim. Yoksa enerji
iiretimi durur. Demek istedigim stirekli
bir enerji liretimi yapmiyorlar. Tabi bud
a Tirkiye’nin enerji ihtiyacini
karsilamada etkili degil. Bunlar
hiikiimetin dile getirecegi sebeplerdir.
Niikleeri savunanlar yine ayni sekilde
ucuz elektrikten ve faturalarin
diiseceginden olaya gireceklerdir. Buna
inanan bir kesim var eminim. Bunlar da
niikleer santralden elde edilen enerjiyi
rlizgar tribiinlerinden ya da giines
panellerinden elde edebilmek i¢in
gerekli olan tribiin ve panellerin
kurulacak kadar biiyiik alanlarin

olmadigini savunacaklardir. Bakim
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Environmentalists support the citizens
and their suggestions. Although
government and nuclear energy
proponents may claim wind and solar is
not sufficient and they are costly,
environmentalists may tell them how
clean wind and solar energy and do not

threaten life of people, species.

4-1: Does our government really want to
construct NPP in Akkuyu or other
countries force it. The government is
controlled by other countries and
whatever they want, our government
does. This suggestion is good for public
but 1 do not think government pays
attention to it. NPP can be better than
wind and solar so they may want it.
Proponents may say that Akkuyu does
not receive enough sunlight and wind.
Environmentalists take a bright view of
it. Solar and wind are harmless. They

are natural. So they support the citizens.

gerektirdiginden, kurulduklari ¢evreye
zarar verdiklerinden bahsedeceklerdir.
Hiikiimet ve niikleeri savunanlar riizgar
ve glinesin yetersiz ve masrafli
oldugunu iddia ederken ¢evreciler de
bunlarin temiz enerji kaynaklari
oldugunu insanlari tiirleri tehdit
etmedigini savunacaklardir. Cevrecilerin
halkin 6nerisini destekleyeceklerini
diistinliyorum.

4-1: Gergekten hiikiimet mi kurmak
istiyo yoksa diger iilkeler mi diretiyor
bunu. Hiikiimet diger iilkelerin kontrolii
altinda ve onlarin dediklerini yapiyor.
Bu 6neri halk i¢in iyi ama hiikiimet
dinlemez bile. Niikleer santral riizgar ve
giinese gore daha iyi o yiizden niikleeri
tercih edeceklerdir. Niikleeri savunanlar
Akkuyunun yeterli glines ve riizgar
almadigini sdyleyebilirler. Cevreciler
daha 1liml bir yaklagim
sergileyeceklerdir. Riizgar ve glines
zararsiz dogal. Bu ylizden halki

destekleyeceklerdir.
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4-2: Government wants to construct it
...You know the use of wind and solar
is not efficient because they do not give
much energy in a short time. Therefore
the cost for their construction may not
be so economical. Their maintenance is
also costly. Government may claim that
they also damage environment since
large areas are required for wind and

solar to get the same energy as nuclear

power plant supplies. Wind turbines can

be dangerous for birds since they may
not see turbines and crash or | read
some news that wind turbines fell over,
blades flew off or there can be wind

turbine fires...It supports NPP by

saying, it produces more energy because

of the source and reactions taking place
in plant. The same amount of coal and
uranium differ significantly in
producing energy but really significant.

And NPP does this in a smaller area not

like wind and solar. Moreover its energy

production is continuous. Wind and
solar depend on the climate, time of the
day, power of the wind or solar. They
[proponents] think like government.

Suggest that construction for wind and

solar energy is costly but not efficient to

produce more energy and to meet

4-2: Hiikiimet kurmak istiyor.
...Biliyorsunuz riizgar ve glinesin
kullanim1 ¢ok etkili degil ¢iinkii kisa
zamanda ¢ok enerji vermiyor. Bu
yiizden bunlarin kurulmasi ¢ok
ekonomik olmayabilir. Bakimlari
masrafli. Hilkiimet bunlarin da gevreye
verdigi zararlar1 6ne siirebilir ¢iinkii
niikleer santralden elde edilecek
enerjinin aynisini almak i¢in genis
araziler kullanilacaktir. Tribiinlerin
kuslar i¢in zararl oldugu ¢linkii onlar1
farketmedikleri ve ¢arpmadan dolay1
oldiikleri ya da tribiinlerin diistiigii
etrafa pargalar firlattig1 hatta riizgar
tribiinlerinde yanginlar ¢iktigiyla ilgili
haberleri okuduk. Hiikiimet niikleeri
daha c¢ok enerji liretecegi icin istiyor.
Reaksiyonlar sonucu ve kullanilan
kaynak sonucu fazla enerji iiretiliyor.
Ayni miktarda kdmiir ve uranium
onemli derecede farkli miktarlarda
enerji lretiyor. Ama gercekten farkli...
Ve niikleer bunu kiicilik alanda yapiyor
riizgar ve gilinesle kiyasladigim
durumdan konusuyorum. Ayrica
niikleerin enerji tiretimi durmuyor. Oysa
riizgar ve gilines iklime, giiniin saatine,
rlizgarin ya da giinesin giicline gore

degisiyor. Niikleeri savunanlar da
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energy. It is not worth doing when you
compare their cost and what you get
from them. Their maintenance is also
costly and again you do not get enough
from them although you spend more but
you get less. Require huge areas and this
means damaging environment and
habitat loss and degradation. Also they
suggest that NPP do not release
greenhouse gases like coal and so it can
decrease the impact of them. NPP
produces more in a small area and
...same things as government. Wind and
solar energy may stop sometimes. They
are dangerous too accidents may occur |
just mentioned for government. They
may talk more about scientific aspect of
NPP to produce energy. You know,
uranium bombarded with neutron and
then this cause a chain reaction and
huge amount of energy obtained. They
also do not support this suggestion.
They may also say that we already have
wind turbines and solar panels but these
are not enough so more efficient one is
necessary. We do not totally ignore
wind and solar but we need to get
energy in high amount in a short time,
etc. They [environmentalists] directly

focus on environment. They argue that

hiikiimet gibi diistineceklerdir. Riizgar
ve giinesin kurulumu pahali ama yeterli
enerji ietmiyor ve ihtiyaci karsilamiyor.
Maliyetle elde ettigimizi karsilagtirinca
bunlar1 yapmaya deger
bulmayacaklardir. Hemde bakimlar1
masrafli. Cok harciyorsunuz ama az
karsiligini aliyorsunuz. Genis alanlar
tahrip edilmek zorunda bud a ¢evreye
zarar verecek, yasam alanlarimin
kaybina, tiirlerin cografik nedenlerle
birbirinden ayrilmasina yol acacaktir.
Ayrica niikleeri savunmalarinda onun
komiir santralleri gibi sera gazi
salinimina yol agmadig1 ve bu gazlarin
etkisinin azalmasi etkili olacaktir.
Niikleer santral kiiciik bir alanda ¢ok is
yaptyor. Hiikkiimetle ayni seyler. Riizgar
ve glines enerjisi Uiretimi arada durabilir.
Onlar da tehlikeli ve kazalara yol
acabiliyor yukarda bahsetmistim.
Niikleeri savunanlar bilim boyutundan
da konusabilir. Niikleerin enerji elde
etmesiyle ilgili. Biliyorsunuz ya
uranium nétronla bombardiman ediliyor
ve bu bir zincir reaksiyon olusturuyor.
Sonugcta ¢ok enerji elde ediliyor. Riizgar
ve gilines enerjisini desteklememelerinin
nedenlerinden biri de zaten bunlarin

oldugu ama yetersiz kaldig1 ve daha
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NPP cause loss of ecosystem, habitat
because radioactive waste are formed
they release radiation for long and they
do not decay. | mean they have half-life
for billion years. This means the half of
the initial amount decays for billion
years but other half remains. They argue
wind and solar are not dangerous as
NPP. Some can be some
disadvantageous, that is normal, but we
cannot compare with NPP in terms of
advantage. Huge areas are required, that
is true, then let’s tell people the
importance of energy and learn how to
use it efficiently. NPP produces more
energy in a small area but it makes very
large bad impact. It is small but
extremely dangerous. It may prevent
global warming but it gives harm to
ecosystem, people, animals, plants. |
think they defend themselves in this
way and support citizens.

verimlisine ihtiya¢ duydugumuz da
olacaktir. Riizgar1 ve glinesi tamamen
birakmadiklarini ama kisa siirede ¢ok
enerjiye ihtiyacimi oldugunu iddia
edeceklerdir. Cevreciler ise ¢evre
iizerinde duracaklar. Niikleerin
ekosistem kaybina yok agtig1, habitat
zarar verdigi ¢iinkii niikleer atiklarin
radyasyon yaydig1 uzun sure
bozunmadig1 gibi seylerden
bahsedeceklerdir. Yani milyarlarca yil
yar1 Omrii olan radyoaktif maddelerden
bahsediyorum. Bu su demek ilk bastaki
madde miktarinin yartya inmesi i¢in
yillarca y1l gececek sonra gerisi aynen
kalacak. Cevreciler riizgar ve giinesin
niikleer kadar zararli olmadigi,
dezavantajlariin oldugu ama
avantajlariyla kiyaslanamayacagini
savunacaklardir. Bunlar i¢in genis
alanlar gerektigi ama insanlara enerjinin
oneminin anlatilmasini ve tasarruf
etmemiz gerektigini hatirlatmaliyiz.
Niikleer santral kii¢lik alanda ¢ok
iiretiyor ama kotii anlamda etkisi de ¢ok
biiyiik. Kiiresel 1stnmayi 6nleyebilir ama
ekosisteme insanlara hayvanlara

bitkilere zarar veriyor.
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APPENDIX |

I. EXTENDED TURKISH SUMMARY

FEN BILGiSi OGRETMEN ADAYLARININ SOSYOBILIMSEL KONULARDA
MUHAKEME YETENEKLERININ GELISTIRILMESI

Giris ve Literatiir

Kok hiicre, klonlama, genetigi degistirilmis gidalar, kiiresel 1sinma ve niikleer
santral gibi konular bireylerin giinliik hayatta karsilagabilecekleri olaylara ornek
olarak verilebilir. Bireyler bu konularda bir tartisma ve karar verme siirecine
girebilirler. Ornegin niikleer santral kurulmali m1 kurulmamali m1 ya da genetigi
degistirilmis gidalar yasaklanmali m1 yoksa yasaklanmamali m1 gibi tartismalar
olur ve her birey bir muhakeme siireci yasar. Bu konularla ilgili genellikle bireyler
arasinda ikilemler olusur ¢linkii farkli fikirler ve karsit goriisler mevcuttur. Farkli
ve karsit goriislerin olmasi bu konulan ¢eliskili, karmasik, ¢6ziimii kolay ve tek
olmayan yapmaktadir (Sadler, 2004). Sadler (2004) bu konular1 sosyobilimsel
konular olarak isimlendirmistir ¢iinkii bu konularin hem bilimsel hem de sosyal

yonii vardir. Ayrica teknolojiyle baglantisi da vardir.

Bireylerden beklenen bu konulari derinlemesine tartigmalart ve her yoni

degerlendirerek bir karara varmalaridir. Basit ve sadece tek bir acidan verilmis
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kararlar istenmemektedir. Bu nedenle sosyobilimsel konularda karar verme iizerine
odaklanmis bilimsel calismalarin sayist artmaktadir (Sadler, 2003). Gelecegin
vatandas1 olarak Ogrenciler bu konular {izerinde nasil tartisilacagini ve karar
verilecegini 6grenmelidirler. Sosyobilimsel konularin 6gretilmesi ozellikle de
bilimsel okuryazar bireyler yetistirmek acgisindan fen egitiminin bir amaci olarak
goriilmistiir (Hofstein, Eilks, & Bybee, 2011; Lee, Chang, Choi, Kim, & Zeidler,
2012; Sadler, Barab, & Scott, 2007; Zeidler, Sadler, Simmons, & Howes, 2005).
Fen egitimindeki son gelismeler de bilimsel okuryazarlik ve vatandaslik egitimini
vurgulamakta ve bu ylizden sosyobilimsel konularin fen egitimine dahil edilmesi

gerektigini gostermektedir (Barrue & Albe, 2013).

Bunlarin 15181 altinda bu calisma fen bilgisi 6gretmen adaylarinin sosyobilimsel
konularda muhakeme yeteneklerinin gelistirilmesini ve gelistirilmesine yardime1
olabilecek sinif i¢i aktiviteleri belirlemeyi amaclamaktadir. Bilim baglaminda
muhakeme daha ¢ok formal muhakeme olarak bilinip mantik ve matematigin
kurallarina dayali olarak geligsmistir. Formal muhakeme, bireylerin genellikle iyi
tanimlanmis problemler iizerinde kendilerine sunulan nedenleri ve sonuglart dogru
veya yanlis olarak degerlendirmesini kapsayan bir siirectir (Evans & Thompson,
2004). Informal muhakeme ise nedenlerin ve sonuclarin acik ve kesin olmadig,
iddialarin ve delillerin degerlendirildigi, ¢eliskili, karmasik ve iyi tanimlanmamis
problemlerin tartisma ve ¢ozliimiinii kapsayan bir siirectir (Means & V0ss,1996).
Shaw (1996) ise iyi tanimlanmamis problemlerin daha c¢ok giinliik hayatta

karsilagtigimiz, secim yapmak ya da karar vermek zorunda oldugumuz sorunlar
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oldugunu belirtmistir. Sadler (2004) ise bilim insanlarmin dogadaki olaylar
aciklarken formal muhakemeye basvurduklarini, vatandaslarin da giinliik hayattaki

celigkili konular i¢in informal muhakemelerini kullandiklarin1 vurgulamistir.

Sosyobilimsel konular1 tartisma ve ¢Oziime ulastirma agisindan informal
muhakemenin yami sira bu konularin dogasin1 ve bazi degismez 6zelliklerini de
anlamak gereklidir. Ogrenciler bu ozellikleri icsellestirmeli ve bunlar iizerine
muhakeme edebilmelidir. Sadler, Barab, ve Scott (2007) sosyobilimsel konularin
ozelliklerini kompleks, stirekli arastirmaya dayali, ¢ok yonlii ve siiphecilik
gerektiren olarak tanimlamislardir. Ogrencilerin bunlar {izerine muhakemeleri ise
sosyobilimsel muhakeme olarak isimlendirilmistir. Sonu¢ olarak sosyobilimsel
muhakeme sosyobilimsel konularin dort temel 6zelligi olan kompleks, siirekli
aragtirmaya dayali, cok yonlii ve siiphecilik gerektiren bir yapidir. Bu dort temel
ozellik Ogrencilerin sosyobilimsel konular1 derinlemesine arastirmalarint  ve
tartigmalarini, daha 1iyi akil yliriitmelerini, biitlin etmenleri g6z Oniinde
bulundurarak mantikli ve bilingli bir karara varmalarin1 amaglamaktadir. Sadler ve
digerlerinin (2007) 6ne siirdiigii sosyobilimsel muhakeme {izerine yapilan bir diger
caligmada da dort temel 6zellikten ikisi olan ¢ok yonlii ve siiphecilik kavramlar1 her
ikisini de kapsayacak sekilde ¢ok yonlii olma Ozelliginin altinda toplanmistir
(Sadler, Klosterman, & Topcu, 2011). Bu ¢alismada da sosyobilimsel muhakeme

kompleks, siirekli arastirmaya dayali ve ¢ok yonlii olarak ii¢ boyutta incelenmistir.

Kompleks boyutu sosyobilimsel konularin dogas1 geregi vardir. Zeidler ve Sadler

(2011) sosyobilimsel konularin taniminda kompleks olduklarmin vurgulandigim
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belirtmislerdir. Sosyobilimsel konular iyi tanimlanmamis problemlerdir ve kesin ve
tek ¢oziimleri yoktur (Sadler, 2004). Farkl1 ¢oziimler ortaya ¢ikabilir. Ogrencilerin
sosyobilimsel konularin kompleks oldugunu kavramalart énemlidir ¢iinkii bunu
kavrayabilen Ogrenciler daha bilingli, delile dayali, mantikli kararlara
varmaktadirlar. Sosyobilimsel konularin kompleks oldugunu kavrayamayan

ogrenciler ise basit, tek diize, ve tek yonlii ¢6ziim Onerileri sunmaktadirlar.

Sosyobilimsel konularin ¢ok yonlii olmasi demek bu konular tartisirken farklh
etmenleri dikkate alip incelemektir ve farkli etmenler arasinda dengeli bir karara
varmay1 gerektirmektedir. Sosyobilimsel konular ikilemler igerdigi i¢in karsi
fikirler, goriisler olacaktir ¢iinkii bireyler farkli fikirlere, ilgi alanlarina, 6nceliklere
ve Onyargilara sahiptir. Bu noktada herkesin onyargilar1 oldugunu ve sunduklar
bilgilerin ve delillerin 6nyargilarindan etkilendigini unutmamak ve arastiran
sorgulayan bir tavir takinmak gerekir. Bu nedenle bireyler farkli etmenler lizerinde
durarak sosyobilimsel konular1 tartisabilir ve farkli coziimlere ulasabilirler.
Bireylerden beklenen sosyobilimsel konulari farkli etmenler agisindan incelemeleri
ve tartigmalaridir. Bu noktada iyi muhakeme yapabilenler akilcr kararlar verebilir
ve kararlarin arkasindaki nedenleri delillerle agiklayabilir. Aksi takdirde ise
bireyler tek etmen agisindan sosyobilimsel konulart inceler, ¢6ziim Onerileri tek

etmeni kapsamaktadir ve diger etmenler agisindan dengeli degildir.

Sosyobilimsel konularin tartigilmasi ve ¢oziime ulasilmasi siirekli arastirmaya
dayalidir ¢iinkii bu konular dénceden de belirtildigi lizere iyi tanimlanmamistir ve

belirsizlikler vardir (Sadler et al., 2007). Bu konularla ilgili tartisirken bilgi
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eksikligi dogacaktir ve bu da ek arastirmalara, bulgulara ihtiya¢ duyulacaktir.
Bireylere sunulan bilgiler yetersiz ve/veya tarafli olabilir. Bu yilizden sosyobilimsel
konular1 derinlemesine tartisabilmek ve bu konularla ilgili akiler kararlar
verebilmek i¢in bireyler aragtirma ve sorgulama yapmanin dnemini kavrayabilmeli
ve bu beceriyi edinmelidirler. Bunu gerceklestirebilen bireyler sosyobilimsel bir
olayla karsilagtiginda eldeki bilgileri degerlendirebilir ve eksiklikleri fark edip
tamamlama girisiminde bulunur. Muhakeme analiz etme, degerlendirme,
tahminlerde ve ¢ikarimlarda bulunma gibi ¢esitli diisiinme tarzlarini igeren zihinsel
bir siirectir (Stiggins, Arter, Chappuis, & Chappuis, 2004). Stiggins et al. (2004)
alt1 cesit muhakeme tipi One siirmistir. Bunlar analitik muhakeme, sentez,
karsilagtirmali muhakeme, smiflama, tiimevarimsal muhakeme, tiimdengelim ve
degerlendirme muhakemedir. Analitik muhakeme ve degerlendirici muhakeme
ozellikle sosyobilimsel konularla ilgili yargida bulunma ve karar verme
stireglerinde kullanilan muhakeme ¢esitleridir. Analitik muhakemede bireyler
biitliniin parcalarin1 belirleyip pargalar arasinda ve parcalarla biitiin arasinda iliksi
kurmaya calisirlar; degerlendirme muhakemesinde ise bir fikir, goriis ya da karar
bildirip bunlar1 savunurlar (Stiggins et al., 2004). Bunun i¢inde bir iddia, iddiay1
dayandirdiklar1 kistas ve iddiay1 destekleyen deliller saglarlar. Sosyobilimsel
muhakeme daha ¢ok analitik ve degerlendirme muhakeme tiplerini igermektedir.
Bireyler sosyobilimsel konularla karsilastiklarinda destekleyici ya da karsit
iddialar1  dikkatlice degerlendirebilmelidirler. Gerekirse bilgi alis verisinde
bulunup, arastirmalar yapip deliller sunabilmelidirler. Akilci kararlar verebilmek

icin sosyobilimsel konularla ilgili farkli etmenleri belirleyebilmeli ve
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inceleyebilmelidir. Bu sayede bireyler sosyobilimsel konularin kompleks, siirekli
aragtirmaya dayali ve ¢cok yonlii oldugunu kavrayabilir ve ulastiklar1 ¢oziimler ileri
diizey bir muhakemenin urunu olur. Bu ¢alismada da katilimcilarin sosyobilimsel
konularda ozellikle analitik ve degerlendirme muhakeme yeteneklerini
kullanmalar1 beklenmektedir. Ornegin katilimcilar sosyobilimsel konularm g¢ok
yonlii oldugunu kavrayabilmeleri i¢in niikleer santrale karsi farkli taraflarin nasil
tepkiler verecegi, bu taraflarin nasil iddialar ortaya atacagi ve iddialarini nasil
destekleyecegini belirlemeleri beklenmektedir. Eger bunlar1 sosyobilimsel
konularin  kompleks ve siirekli arastirmaya dayali oOzellikleri i¢in de
yapabiliyorlarsa, sosyobilimsel muhakemelerinin ileri diizeyde oldugu sdylenebilir.
Bu caligmanin amaci da zaten fen bilgisi O6gretmen adaylarinin sosyobilimsel

muhakemelerini gelistirmektir.

Arastirma Amact ve Sorular

Bu c¢aligmada 6gretmen adaylarinin sosyobilimsel muhakemelerini sosyobilimsel
konular iizerine tasarlanmis bir ders yardimiyla gelistirmektir. Iki ana arastirma

sorusu ¢aligmaya yon vermistir.

1. Fen bilgisi 6gretmen adaylarinin sosyobilimsel muhakemeleri sosyobilimsel

konular iizerine tasarlanmis ders ile nasil degismistir?

a. Ogretmen adaylarmin sosyobilimsel konularin kompleks oldugunu
kavramalar1 sosyobilimsel konular iizerine tasarlanmig ders Oncesi ve

sonrast nasil degismistir?
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b. Ogretmen adaylarinin sosyobilimsel konularin siirekli arastirmaya dayali
oldugunu kavramalari sosyobilimsel konular iizerine tasarlanmis ders
oncesi ve sonrasi nasil degismistir?

c. Ogretmen adaylarinin sosyobilimsel konularmn ¢ok yonlii oldugunu
kavramalar1 ve incelemeleri sosyobilimsel konular iizerine tasarlanmig ders

Oncesi ve sonrasi nasil degismistir?

2. Fen bilgisi Ogretmen adaylarinin sosyobilimsel muhakeme yetenekleri

sosyobilimsel konulara gore tasarlanmis olan ders siiresince nasil degismistir?

a. Ogretmen adaylarmin sosyobilimsel konularin kompleks oldugunu
kavramalar1t sosyobilimsel konular iizerine tasarlanmig derste uygulanan
birinci ve ikinci agsamalardan sonra nasil degismistir?

b. Ogretmen adaylarmin sosyobilimsel konularin siirekli arastirmaya dayali
oldugunu kavramalar1 sosyobilimsel konular {lizerine tasarlanmis derste
uygulanan birinci ve ikinci agsamalardan sonra nasil degismistir?

c. Ogretmen adaylarinin sosyobilimsel konularin ¢ok yonlii oldugunu
kavramalart ve incelemeleri sosyobilimsel konular iizerine tasarlanmis

derste uygulanan birinci ve ikinci agamalardan sonra nasil degismistir?

Calismanin Onemi

Sosyobilimsel konular 6grencilerin ger¢ek hayatta karsilagabilecekleri bilimle
iligkili sosyal konulardan haberdar olmalarina olanak vermektedir (Sadler &

Fowler, 2006). Sadler ve Fowler (2006) fen egitimin bilim, teknoloji ve toplum
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arasindaki dinamik etkilesimi yansitmasi gerektigini savunmaktadirlar. Toplumun
bireyleri olarak dgrenciler mutlaka bu konularla gelecekte i¢ i¢e olacaklardir. Bu
yiizden sosyobilimsel konularin fen egitimine dahil edilmesi 6nemlidir. Ayrica bu
konularin tartisilabilmesi ve ¢oziime ulastirilabilmesi i¢in gerekli olan bilgi ve
becerilerin de 6grencilere kazandirilmasi 6nemlidir. Sosyobilimsel konularin fen
egitimine dahil edilmesi bilimsel bilginin farkinda olan bilimsel okur yazar
vatandaslar yetistirebilmek icin Onemli oldugu arasgtirmacilar tarafindan da
desteklenmektedir (Driver, Newton, & Osborne, 2000; Kolsto, 2001a). Tim
diinyada bilimsel okur yazar bireyler yetistirmek fen egitiminde son yapilan
yeniliklerde dile getirilmistir. Tiirkiye’de de 2006 yilinda fen miifredatinda yapilan
yeniliklerle bilimsel okuryazarlik fen egitimin bir amaci olmustur (MEB, 2006).
Sosyobilimsel konular da 2013 yilinda fen miifredatina fen egitimin amaci olarak

eklenmistir (MEB, 2013).

Ogrencilerin sosyobilimsel konularda muhakeme edebilmeli bu nedenle onlarin bu
becerileri sinif ortaminda kazanmalar1 gerekmektedir. Dogal olarak dgretmenlerin
de bu konularda bilgi ve beceri sahibi olmalar1 sinif i¢i uygulamalarinin verimini
artiracaktir.  Ogretmenler sosyobilimsel konularla ilgili ¢esitli ~aktiviteler
yaptirabilmeli ve 6grencilere rehber olabilmelilerdir. Bu nedenle 6gretmenlerin,
meslege baslamadan Once 6gretmenlik egitimleri sirasinda sosyobilimsel konulari
ogrenmeleri ve muhakeme etmelidirler. Bu 6gretmenlerin hem kisisel hem de

gelecegin Ogretmenleri olarak profesyonel gelisimleri agisindan Onemlidir. Bu
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sayede oOgrencilerini sosyobilimsel konularla ilgili daha iyi yonlendirebilir ve

onlara gerekli bilgi ve becerinin kazandirilmasini saglayabilirler.

Bu calisma ayn1 zamanda sosyobilimsel muhakeme yeteneklerinin gelisebildigi ile
ilgili kanit saglamistir. Bu anlamda literatiirde yeterli ¢alisma bulunmamaktadir.
Sadler et al. (2011) sosyobilimsel muhakeme ile ilgili daha ¢ok ¢alisma yapilmasi
gerektigini savunmustur. Ayrica bu ¢alismada sosyobilimsel konular iizerine bir
ders tasarlanmistir. Bu da bu alandaki literatiire katki saglamis ve sosyobilimsel
muhakeme yeteneklerinin gelismesine katki saglayacak bir takim aktiviteler

onerilmistir.

Calismanin diger bir Onemi ise sosyobilimsel muhakeme yeteneklerinin
degerlendirilmesinde Onceki ¢alismalarda kullanilan rubrigin gelismesine katkida
bulunmak ve bu yeteneklerin daha detayli degerlendirilmesine olanak saglayan

ikinci bir rubrik gelistirilmesine olanak saglamaktir.

Yontem

Calisma modeli

Bu calismaya yon veren iki ana arastirma sorusu temel alinarak calismada tasarim
tabanli arastirma modeli kullanilmistir. Tasarim tabanli arastirma ilk olarak Brown
(1992) ve Collins (1992) tarafindan tasarim deneyleri adiyla ortaya c¢ikmustir.
Cobb, Confrey, diSessa, Lehrer ve Schauble (2003) tasarim tabanli arastirma

modelinin dongiisel olarak yapilan analiz ile tasarlanan ve gelistirilen ders ici
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deneyler oldugunu ifade etmislerdir. Tasarim deneyleri 6grenme ortamini anlamada

onemli bir role sahiptirler (Cobb ve digerleri, 2003).

Bu ¢alismada simif tasarim deneyi uygulamasi yapilmistir. Cobb ve digerleri (2003)
herhangi bir tasarim deneyi uygulanirken kuram, 6grenme amag¢ ve ¢iktilari,
ogrencilerin On bilgilerinin tasarim deneyini hazirlamada 6nemli bir role sahip
oldugunu vurgulamaktadirlar. Bu c¢alismada sosyobilimsel konular {izerine

tasarlanan ders igerdigi asamalar detayli bir sekilde verilmistir.

Sinif Tasarim Deneyi: Sosyobilimsel Konular Uzerine Ders

Bir dénem boyunca sosyobilimsel konular iizerine tasarlanmis olan fen-teknoloji-
toplum dersi durum olarak ele alinmis ve incelenmistir. Toplamda haftada ii¢ saat
olmak iizere 36 saat ders yapilmistir. Dersin hazirlanma asamasinda sosyobilimsel
muhakeme ile ilgili amag ve ¢iktilar belirlenmiglerdir ve 6gretmen adaylarmin 6n
sosyobilimsel muhakemeleri goriisme yoluyla tespit edilmistir. Ders {ic asamadan

olusmaktadir.

[k asamada 6gretmen rehberliginde fen-teknoloji-toplum, sosyobilimsel konular ve
informal muhakeme ile ilgili okumalar ve makaleler tartisilmistir. Bu tartigmalarin
sonunda genel tekrarlar yapilmis ve sosyobilimsel konularin degismeyen 6zellikleri
lizerine agik tartismalar yapilmistir. Ogretmen ilk ii¢ hafta fen-teknoloji-toplum
lizerinde durmustur. “Science, Technology and Society”, “Meaning of STS for

Science Teachers” (Yager, 1996); “The Congruency of the STS Approach and

Constructivism” (Lutz, 1996); “What is STS Science Teaching?” gibi kitap
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boliimleri ve makaleler tartisilmistir. Bu tartigmalarin amaci fen bilgisi 6gretmen
adaylarmi fen-teknoloji-toplum hakkinda bilgilendirmek ve bunlarin fen
egitimindeki yerini Ogretmenlere  benimsetmektir. Tartismalar 6gretmen
rehberliginde, 6gretmen adaylarmin aktif katilimimi destekleyici sekilde olmustur.
Ogretmen adaylar1 fikirlerini beyan etmis ve birbirlerinin fikirleri {izerine
konusmuslardir. Sonraki iki hafta “Beyond STS: A Research-Based Framework for
Socioscientific Issues Education” (Zeidler et al., 2005), “Patterns of Informal
Reasoning in the Context of Socioscientific Decision Making” (Sadler & Zeidler,
2005), and “Preservice Science Teachers’ Informal Reasoning about
Socioscientific Issues: The influence of issue context” (Topcu, Sadler, & Yilmaz-
Tuzun, 2010) adli makaleler tartistlmistir. Bu sayede fen-teknoloji-toplum
yaklagimindan sosyobilimsel konular yaklagimina gecis saglanmis ve Ogretmen
adaylar1 bilimsel okuryazarlik hakkinda bilgi sahibi olmuslardir. Bu iki yaklagim
arasindaki fark vurgulanmigtir. Son olarak da informal muhakeme {izerinde
durulmus ve akilci, duygusal ve sezgisel informal muhakeme Oriintiileri
orneklendirilmistir. Sonraki lic hafta ise “Toward a Global Understanding of
Nuclear Energy and Radioactive Waste Management” (Powell, Robinson, &
Pankratius, 1994) adli makale ve niikleer santralin pozitif ve negatif yonleri
tartisilmistir. Niikleer santralin pozitif ve negatif yonlerini ekonomi, ¢evre, politika

ve toplum acisindan ele alan, siif i¢i tartismalar1 yonlendiren sorular sorulmustur.

Ikinci asamada dgretmen 6gretmen rehberliginde grup aktiviteleri ile yaptirilmustir.

Bu aktivitede 6gretmen adaylar1 gruplar halinde farkl roller iistlenerek (¢evreci, is
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adami, politikact gibi) niikleer santral ile ilgili iddialar ve deliller ortaya koyup
niikkleer santralin  kurulup kurulmamas: ile ilgili Onerilerini ve kararlarini
aciklamiglardir. Bu aktivitede de politikacilar1 temsil eden grup iiyeleri diger
gruplara dagilmig ve cevreci, is adami ve bilim adamlarmin iddialarini ve
dayanaklarini dinlemislerdir. Sonugta niikleer santralin kurulmasinda karar verme
yetkisi hiikiimette goziiktiigii i¢in politikacilar1 temsil eden grup diger gruplarin

fikirlerini degerlendirerek bir karara varmaya ¢alismislardir.

Uglincii asamada fen bilgisi 6gretmen adaylari 6gretmenden bagimsiz grup
aktiviteleri gerceklestirmislerdir. Her grup niikleer santralden farkli bir
sosyobilimsel konu segip tartismis ve akilci kararlar vermeye ¢alismiglardir.
Genetigi degistirilmis gidalar, deney hayvanlari, kok hiicre, genetik tarama

gruplarin tartistig1 sosyobilimsel konulardir.

Katilimcilar

Calismanin katilimcilar1 Orta Dogu Teknik Universitesi, 2010-2011 sonbahar
donemi, fen-teknoloji-toplum dersine kayithi son smif fen bilgisi Ggretmen
adaylaridir. Bu ders fen bilgisi 6gretmen adaylarinin son sinifta aldiklar1 zorunlu
bir derstir. Derste 33 Ogretmen adayr kayithdir. Yaglari 22 ile 26 arasinda
degismektedir. Tamami biyoloji, fiziki kimya igerikli temel fen derslerini
tamamlamislardir. Ayrica egitim derslerinin bir¢ogunu da tamamlamislardir. Bir
katilimer hari¢ digerleri ¢evre ile ilgili bir ders almistir. Otuz iic 6gretmen aday1

gorlismeler hari¢ diger tiim veri toplama yontemlerine katilmiglardir. Goniilliiliik
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esasina dayanarak 33 6gretmen adayindan 24’1 ile ders dncesi ve sonrasi goriisme
yapilmistir.  GoOriisme  yapilan  Ogrencilerin - hepsi  sosyobilimsel konular
duyduklarini ancak bu dersteki gibi tartisma ya da karar verme siirecini igeren

aktivitelere katilmadiklarini bildirdiler.

Veri Toplama

Calismanim verisi dersin verildigi bir dénem boyunca toplanmistir. On-son
goriismeler, acik uclu sorular, dokiimanlar, video/ses kayitlar1 ¢alismanin veri
kaynagini olusturmustur. Onceden de bahsedildigi gibi 24 fen bilgisi dgretmen
aday1 goniillii olarak goriigmelere katilmistir. Derse kayithi tiim 6gretmen adaylari

diger veri toplama yontemlerine dahil olmustur.

Ilk veri toplama araci fen bilgisi Ogretmen adaylariyla birebir yapilan
goriismelerdir. On ve son goriismeler fen bilgisi 6gretmen adaylarmin ders dncesi
ve sonrasinda sosyobilimsel muhakemelerini degerlendirip ders sonunda 6gretmen
adaylarmin muhakeme yeteneklerinde degisiklik olup olmadigini arastirmak igin
kullanilmigtir. Her goriisme 20 ile 30 dakika siirmiistiir. Sadler ve digerlerinin
(2011) kiiresel 1sinma i¢in gelistirdikleri goriisme protokolii gerekli degisiklikler
yapilarak niikleer santral i¢in uyarlanmistir. Protokolde Akkuyu’da kurulmasi
planlanan niikleer santral ile ilgili durum anlatilmis ve sonrasinda goériisme sorulari
siralanmigtir. Gortismeye katilan katilimcilar 6nce durumu okuyup sonrasinda

arastirmaci sorulari onlara tek tek yoneltmistir.
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Ikinci olarak fen bilgisi gretmen adaylar1 niikleer santral ile ilgili acik uclu sorular
cevaplandirmislardir. Katilimcilara niikleer enerji, radyoaktivite, niikleer atik ve
niikleer santralin neden bir sorun olabilecegi ile ilgili sorular sorulmusur. A¢ik uglu

sorular da ders dncesi ve sonrast uygulanmistir.

Uciincii olarak fen bilgisi 6gretmen adaylarindan gesitli dokumanlar toplanmustir.
Bunlar 6gretmen adaylarmin smif igindeki tartisma ve aktivitelerden sonraki
sosyobilimsel muhakemelerini 6grenmek amacl sorular igermektedir. Katilimeilar
ilk olarak niikleer santralin pozitif ve negatif yonlerini tartistiktan sonra goriis ve
diisiincelerini kendilerine verilen sorular1 cevaplandirarak belirtmislerdir. Ikinci
olarak niikleer santral ile ilgili grup aktivitesinden sonra bu aktivite ile ilgili
diisiincelerini yine kendilerine sorulan sorulari cevaplandirarak bildirmislerdir.
Ayrica bu grup aktivitesinde gruplar iddialarini, dayanaklarini, 6nerilerini belirten

raporlar hazirlamiglardir.

Dordiincii olarak video ve ses kayitlar1 veri toplama araci olarak kullanilmistir.
Ders bir donem boyunca kayit altina alinmistir ve niikleer santral iizerine yapilan

grup aktivitesinde her grubun tartigmasi ses kaydi yapilmustir.

Veri Analizi

Ik arastirma sorusu olan fen bilgisi 6gretmen adaylarinin sosyobilimsel
muhakemeleri sosyobilimsel konular iizerine tasarlanmis ders ile nasil degistigi
oncelikli olarak 6gretmen adaylarinin 6n ve son goriismelerinin analiz edilmesiyle

belirlenmistir. A¢ik uglu sorularla bu sorunun cevabi desteklenmistir. Bu noktada
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veri analizi baska bir arastirmaci ile beraber yapilmistir. Once bes fen bilgisi
Ogretmen adayimnin 6n ve son goriismeleri Sadler ve digerlerinin (2001) hazirladig
rubrige gore analiz edilmistir. Bu rubrik sosyobilimsel muhakemeyi kompleks,
stirekli arastirmaya dayali ve ¢ok yonli olmasina gore degerlendirmektedir.

Sifirdan dorde kadar seviyeler bulunmaktadir. Bu rubrik bireylerin;

e Sosyobilimsel konularin kompleks oldugunu kavrayip kavrayamadiklarini
ve kompleks olmasini saglayan nedenleri ortaya ¢ikarmalarini,

e Sosyobilimsel konularin siirekli arastirmaya dayali oldugunu idrak edip
edemediklerini ve gerekli olan bilgileri sunup sunamadiklarini,

e Sosyobilimsel konularin ¢ok yonlii oldugunu anlayip anlayamadiklarini ve
bu konular tartigirken ¢esitli goriis ve fikirler arasindaki farklilig belirleyip

belirleyemediklerini degerlendirmektedir.

Iki aragtirmacmin yukarida bahsedilen rubrikle, birbirinden bagimsiz yaptig1 ilk
analizlerde, toplamda elde edilen otuz degerlendirmenin dokuzunda tutarsizlik
gozlemlenmistir. Bir araya gelen arastirmacilar bunlarin degerlendirme sirasinda
yapilan bireysel hatalardan oldugunu anlamis ve bu dokuz tutarsizlik bu sekilde
ortadan kalkmustir. ilk analizde, iki arastirmaci da yukarida bahsedilen rubrigin
ogretmen adaylarinin sosyobilimsel muhakemelerini degerlendirmede yetersiz
kaldig1 hemfikrine varilmistir. Eldeki veriler ¢ok daha derin bir muhakeme
degerlendirmesinin yapilmas: gerektigini gdstermektedir. Ornegin katilimcilardan
biri sosyobilimsel konularin siirekli arastirmaya dayali oldugunu belirtmis ve

goriisme protokoliinde verilen durumda bazi bilgilerin eksik oldugunu sdylemistir.
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Sonug olarak da bu bilgilere ii¢ tane drnek vermistir. Yukarida bahsedilen rubrik
kullanildiginda bu katilimci rubrikteki en yiiksek seviyede bir aciklama yapmis
olmaktadir. Diger bir katilimci da ayni sekilde bir cevap vermis ancak eksik
oldugunu diisiindiigli bilgiler hakkinda detayli agiklamalar, savunmalar yapmis
hatta bilimsel bilgi ile desteklemistir. ikinci katilime1 da bu rubrige gére en yiiksek
seviyede bir agiklama yapmistir. Yani bu iki katilimcinin da muhakeme seviyesi
esit kabul edilmistir ancak ikinci katilimcinin daha ileri bir seviyeyi hak ettigi
kanaatine varilmistir. Bu nedenle bu tarz farklar1 géz ardi etmemek i¢in ilk rubrige
ek olarak ikinci bir rubrik gelistirmistir. Sifirdan iice kadar seviyeler
bulunmaktadir. Ilk rubric “breadth rubric” ikinci rubric ise “depth rubric” olarak

isimlendirilmistir. Ikinci rubric katilimeilarin;

e Sosyobilimsel konularin kompleks oldugunu anlamalarini, bunun igin
sebepler belirtmelerini ve bu sebeplerle ilgili detayli agiklama, dayanak
gostermelerini,

e Sosyobilimsel konularin siirekli arastirmaya dayali oldugunu kavramalarini,
bu konular iizerine muhakeme yapabilmek icin hangi bilgilerin de gerekli
oldugunu belirtmelerini ve bu bilgilerin neden gerekli oldugu ile ilgili
detayl aciklama, dayanak gostermelerini,

e Sosyobilimsel konularin ¢ok yonlii oldugunu kavramalarmi, bu konular
tartisirken ¢esitli goriis ve fikirler arasindaki farkliligi belirlemelerini ve bu
farkliliklarin neden kaynaklanabilecegi ile ilgili detayli agiklama, dayanak

gostermelerini degerlendirmektedir.
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Ikinci rubrigin giivenirlik ve gecerliligini saglamak icin iki arastirmaci fen bilgisi
Ogretmen adaylarinin 6n ve son goriismelerini her iki rubrigi de kullanarak analiz
etmislerdir. Sonugta iki arastirmaci arasinda otuz degerlendirmeden bes tutarsizlik
olusmus ve bunlar {izerinde de hemfikre varilmistir. ilk rubrik igin iki arastirmaci

arasindaki ol¢tim giivenirlik katsayis1 %93, ikincisi i¢in ise %90 bulunmustur.

Iki rubrikten elde edilen sosyobilimsel muhakeme puanlari birlestirilmis ve 8
seviyeden olusan sirali bir 6lgek haline getirilmistir. Bdylece her fen bilgisi
Ogretmen adaymin birinci ve ikinci rubrikten aldigi puani temsil eden tek bir 6n
goriisme puani ve son goriisme puani olmustur. Bu 6n ve son goériisme puanlar
istatiksel analize tabi tutularak fen bilgisi Ogretmen adaylarinin sosyobilimsel

muhakeme yeteneklerindeki degisim bulunmustur.

Ikinci aragtirma sorusunun analizi i¢in birinci arastirma sorusu kapsaminda
gelistirilen rubriklerde tanimlanan seviyeler kullanilmistir. Ogretmen adaylarinin
birinci ve ikinci asamadan sonra sosyobilimsel muhakeme acisindan nasil

gelistikleri bu rubrikler kullanilarak ortaya ¢ikarilmistir.

Bulgular ve Tartisma

Calismanm bulgular1 iki kisimda verilmistir. Ilkinde fen bilgisi gretmen
adaylarinin sosyobilimsel muhakeme yeteneklerindeki degisim kompleks, stirekli

arastirmaya dayal1 ve ¢cok yonlii alt boyutlar1 dogrultusunda verilmistir.

Fen Bilgisi Ogretmen Adaylarimin Sosyobilimsel Muhakeme Yetenekleri
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Fen Bilgisi Ogretmen Adaylarimin Sosyobilimsel Konularin Kompleks

Oldugunu Kavramalarindaki Degisim

On ve son goriismeler ilk rubrige (breadth rubric) gore analize edilmistir. Onceden
de belirtildigi gibi bu rubrikte 0’dan 4’¢ kadar seviyeler bulunmaktadir. Sifir
sosyobilimsel konularin kompleks oldugunu kavrayamamaya, 4 ise sosyobilimsel
konularin kompleks oldugunu kavrama ve bununla ilgili nedenler ortaya koyabilme
yeteneginin oldugundan bahsetmektedir. On goriismelerin ilk rubrikle kompleks
olma agisindan analizine gore; alt1 6gretmen aday1 (25%) sosyobilimsel konularin
kompleks oldugunu kavrayamamis ve basit ve mantiksiz ¢oziimler one stirmiistiir.
Ogretmen adaylarmin diger altis1 ise (25%) kompleks olma 6zelligini kavramis
ancak nedenler ortaya koyamamislardir. Bes (21%) 0gretmen aday: ise kompleks
olma 6zelligini kavramis ve bir neden ortaya koyabilmistir. Alt1 (25%) 0gretmen
aday1 iki tane neden sunabilmistir. Sadece bir (%4) dgretmen aday1 sosyobilimsel
konularin kompleks oldugunu kavrayip ligten fazla neden siralayabilmistir ve ilk
rubrige gore en yliksek seviye olan 4. seviyede degerlendirilmistir. Son
goriismelerin ilk rubrikle analizine gore ise; sadece bir (4%) Ogretmen adayi
sosyobilimsel konularin kompleks olmagini belirtmistir. Kalan 23 6gretmen aday:
ise bu konularin kompleks oldugunu kavrayip bir iki, {i¢ ve daha fazla sebepler
belirtmislerdir. On goriismelerde Ogretmen adaylarmin  kompleks 6zeligini
kavrayabilmeleri acisindan  sosyobilimsel muhakemeleri diisiikken son

goriismelerde arttig1 gézlemlenmistir.

266



On ve son goriismeler ikinci rubrige (depth rubrik) gore de analiz edilmistir. Bu
rubrikte sifirdan lige kadar seviyeler bulunmaktadir. Sifir ilk rubrikte oldugu gibi
sosyobilimsel konularin kompleks oldugunu kavrayamamaya, {i¢ ise kompleks
oldugunu kavrayip, bunun i¢in sebepler gdstermeyi ve bu sebeplerle ilgili detayli
aciklama, dayanak belirtmeyi &lgmektedir. On gériismelerin ikinci rubrik
kullanilarak kompleks olma agisindan analizine gore; Altt 6gretmen adayr alti
ogretmen aday1 (25%) sosyobilimsel konularin kompleks oldugunu kavrayamamis,
diger altis1 kavrayabilmis ancak sebep gosterememistir. On ikisi (50%) bu
konularin kompleks oldugunu kavrayabilmis ve sayisina bakilmaksizin sebepler
gosterebilmistir. Ancak hi¢bir 6gretmen adayi belirtikleri sebepler icin agiklama ya
da dayanak gosterememis ve ikinci rubrige gore en iist seviye olan 3. seviyede
degerlendirilememiglerdir. Son goriismelerin ikinci rubrikle kompleks olma
acisindan analizine gore ise; 14 (58%) Ogretmen adayr sosyobilimsel konularin
kompleks olma ozelligiyle ilgili 3. seviyede bir muhakeme gostermislerdir. Dokuzu
(38%) kompleks olma 6zellgini kavramis ve sebepler belirtmistir. Bir tanesi ise bu

0zelligi halen kavrayamamustir.

Yontemde bahsedildigi gibi iki rubrikten elde edilen puanlar sirali bir 6l¢ek haline
getirilmis ve her 6gretmen adayinin sosyobilimsel konularin kompleks oldugunu
kavramalarma yonelik bir 6n gériisme ve bir son goriigme puani bulunmaktadir. Bu
puanlar lizerinden yapilan Wilcoxon Signed Rank testine gore fen bilgisi 6gretmen
adaylarinin sosyobilimsel konularin kompleks oldugunu kavradigini gosteren

muhakeme yeteneklerinde anlamli bir artig gozlemlenmistir.
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Fen Bilgisi Ogretmen Adaylarimin Sosyobilimsel Konularin Siirekli

Arastirmaya Dayali Oldugunu Kavramalarindaki Degisim

On ve son goriismeler ilk rubrige (breadth rubric) gore analize edilmistir. Onceden
de belirtildigi gibi bu rubrikte 0’dan 4’¢ kadar seviyeler bulunmaktadir. Sifir
sosyobilimsel konularin siirekli aragtirmaya dayali oldugunu kavrayamamaya, 4 ise
sosyobilimsel konularin siirekli arastirmaya dayali oldugunu kavrama ve spesifik
olarak hangi bilgilerin de gerekli oldugunu ortaya koyabilme yeteneginin
oldugundan bahsetmektedir. On goriigmelerin ilk rubrikle siirekli arastirmaya
dayali olma agisindan analizine gore; li¢ 0gretmen adayr (13%) sosyobilimsel
konularm siirekli arasgtirmaya dayali oldugunu kavrayamamstir. Ogretmen
adaylarmin diger dokuzu ise (38%) siirekli arastirmaya dayali olma o6zelligini
kavramis ancak spesifik bilgiler ortaya koyamamigslardir. Alt1 (25%) O6gretmen
adayi ise siirekli aragtirmaya dayali olma 6zelligini kavramis ve bir spesifik bilgi
ortaya koyabilmistir. U¢ (13%) 6gretmen aday: iki tane bilgi sunabilmistir. Ug
(%13) 6gretmen aday1 sosyobilimsel konularin siirekli aragtirmaya dayali oldugunu
kavrayip li¢ veya daha fazla spesifik bilgi belirtmislerdir ve ilk rubrige gore en
yiikksek seviye olan 4. seviyede degerlendirilmislerdir. Son goriismelerin ilk
rubrikle analizine gore ise; li¢ (13%) Ogretmen adayr sosyobilimsel konularin
stirekli arasgtirmaya dayali oldugunu kavrayip bir spesifik bilgi belirtmislerdir.
Sekiz (33%) aday ise iki spesifik bilgi belirtmislerdir. On {i¢ (54%) 6gretmen aday1
ise sosyobilimsel konularin siirekli arastirmaya dayali oldugunu kavrayip {i¢ ya da

daha fazla spesifik bilgi belirtmislerdir. On goriismelerde 6gretmen adaylarmin
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siirekli arastirmaya dayali Ozelligini kavrayabilmeleri agisindan sosyobilimsel

muhakemeleri diisiikken son goriismelerde arttig1 gézlemlenmistir.

On ve son goriismeler ikinci rubrige (depth rubrik) gére de analiz edilmistir. Bu
rubrikte sifirdan tlige kadar seviyeler bulunmaktadir. Sifir ilk rubrikte oldugu gibi
sosyobilimsel konularin stirekli arastirmaya dayali oldugunu kavrayamamaya, ii¢
ise siirekli arastirmaya dayali oldugunu kavrayip, spesifik bilgilerden bahsedip ve
bu bilgilerin neden gerekli oldugu ile ilgili detayli agiklama, dayanak belirtmeyi
6lgmektedir. On goriismelerin ikinci rubrik kullanilarak siirekli arastirmaya dayali
olma agisindan analizine gore; Ug 6gretmen aday1 (13%) sosyobilimsel konularin
stirekli arastirmaya dayali oldugunu kavrayamamis, dokuzu kavrayabilmis ancak
spesifik bilgi gosterememistir. On ikisi (50%) bu konularin siirekli arastirmaya
dayali oldugunu kavrayabilmis ve sayisina bakilmaksizin spesifik bilgiler
gosterebilmistir. Ancak higbir 6gretmen aday1 belirtikleri bilgiler icin agiklama ya
da dayanak gdsterememis ve ikinci rubrige gore en iist seviye olan 3. seviyede
degerlendirilememislerdir. Son goriismelerin ikinci rubrikle siirekli aragtirmaya
dayali olma agisindan analizine gore ise; 18 (75%) O0gretmen adayr sosyobilimsel
konularin siirekli arasgtirmaya dayali olma ozelligiyle ilgili 3. seviyede bir
muhakeme gostermislerdir. Altis1 (25%) siirekli aragtirmaya dayali olma 6zeligini

kavramis ve spesifik bilgiler belirtmistir.

Iki rubrikten elde edilen puanlar birlestirilmis ve her ogretmen adayinin
sosyobilimsel konularin siirekli arastirmaya dayali oldugunu kavradigin1 gosteren

bir 6n goriisme ve bir son gorligme puani olusmustur. Bu puanlar {izerinden yapilan
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Wilcoxon Signed Rank testine gore fen bilgisi 6gretmen adaylarinin sosyobilimsel
konularin siirekli arastirmaya dayali oldugunu kavradigini gésteren muhakeme

yeteneklerinde anlamli bir artig gozlemlenmistir.

Fen Bilgisi Ogretmen Adaylarimin Sosyobilimsel Konularin Cok Yonlii

Oldugunu Kavramalarindaki Degisim

On ve son goriismeler ilk rubrige (breadth rubric) gére analize edilmistir. Onceden
de belirtildigi gibi bu rubrikte 0’dan 4’e¢ kadar seviyeler bulunmaktadir. Sifir
sosyobilimsel konularin ¢ok yonli oldugunu kavrayamamaya, 4 ise sosyobilimsel
konularin ¢ok yonlii oldugunu kavrama ve verilen perspektifleri degerlendirebilme
yeteneginin oldugundan bahsetmektedir. On gériismelerin ilk rubrikle ¢ok yonlii
olma acisindan analizine gore; bir 6gretmen aday1 (4%) sosyobilimsel konularin
¢ok yonlii oldugunu kavrayamamistir. Ogretmen adaylarmin ii¢ii (13%) ¢ok yonlii
olma 6zelligini kavramis ancak verilen perspektifleri degerlendirememislerdir. Alti
(25%) ogretmen aday1 ise ¢ok yonlii olma 6zelligini kavramig ve verilen bir
perspektifi degerlendirebilmistir. On dort (58%) O6gretmen adayr iki tane bilgi
sunabilmistir. Yedi (%26) ogretmen adayi sosyobilimsel konularin ¢ok yonlii
oldugunu kavrayip verilen iki perspektifi degerlendirebilmistir. Kalan yedi
ogretmen adayi ise sosyobilimsel konularin ¢ok yonlii oldugunu kavrayip verilen
ii¢ perspektifi de analiz edebilmislerdir ve ilk rubrige gore en yliksek seviye olan 4.
seviyede degerlendirilmislerdir. Son goriismelerin ilk rubrikle analizine gore ise;
bir (4%) 6gretmen aday1 sosyobilimsel konularin ¢ok yonlii oldugunu kavrayip bir

perspektif hakkinda degerlendirme yapabilmistir. Dort (17%) aday ise iki
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perspektif icin degerlendirme yapabilmistir. On dokuz (79%) 6gretmen adayi ise
sosyobilimsel konularin ¢ok yonlii oldugunu kavrayip verilen ii¢ perspektif i¢in de

degerlendirme yapabilmiglerdir.

On ve son goriismeler ikinci rubrige (depth rubrik) gére de analiz edilmistir. Bu
rubrikte sifirdan tlige kadar seviyeler bulunmaktadir. Sifir ilk rubrikte oldugu gibi
sosyobilimsel konularin ¢ok yonlii oldugunu kavrayamamaya, ii¢ ise ¢ok yonli
oldugunu kavrayip, verilen perspektifleri degerlendirip, perspektiflerle ilgili detayl
aciklama ve dayanak gostermelerini degerlendirmektedir. On goriismelerin ikinci
rubrik kullanilarak sosyobilimsel konularin ¢ok yonlii olma agisindan analizine
gore; Bir Ogretmen adayi (4%) sosyobilimsel konularin ¢ok yonlii oldugunu
kavrayamamig, {icli ise kavrayabilmis ancak verilen perspektifler ile 1ilgili
degerlendirme yapamamustir. On yedi (71%) bu konularin ¢ok yonlii oldugunu
kavrayabilmis ve sayisina bakilmaksizin verilen perspektifler ile 1ilgili
degerlendirme yapabilmislerdir. Yani bu perspektifler i¢in iddialar ve fikirler
ortaya koyabilmislerdir. On goriismelerde sadece ii¢ fen bilgisi dgretmen adayi
sosyobilimsel konularin ¢ok yonlii oldugunu kavramis, verilen perspektifler ile
ilgili degerlendirme yapabilmis ve ayni1 zamanda perspektiflerle ilgili detaylh
aciklama ve dayanak gosterebilmislerdir. Bu ylizden ikinci rubrige gore en {ist
seviye olan 3. seviyede oldugu kararlastirilmistir. Son goriismelerin ikinci rubrikle
cok yonlii olma agisindan analizine gore ise; 3 (13%) 6gretmen aday1 sosyobilimsel
konularin ¢ok yonlii oldugunu kavrayabilmis ve verilen perspektiflerin en az biriyle

ilgili degerlendirme yapabilmislerdir. Kalan 21 6gretmen adayi ise 3. seviyede bir
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muhakeme gostermislerdir. Diger bir deyisle sosyobilimsel konularin ¢ok yonlii
oldugunu kavramis, verilen perspektifler ile ilgili degerlendirme yapabilmis ve ayn

zamanda perspektiflerle ilgili detayli agciklama ve dayanak gdsterebilmislerdir.

Iki rubrikten elde edilen puanlar birlestirilmis ve her &gretmen adayinin
sosyobilimsel konularin ¢ok yonlii oldugunu kavradigini gosteren bir 6n goriisme
ve bir son goriisme puani olusmustur. Bu puanlar iizerinden yapilan Wilcoxon
Signed Rank testine gore fen bilgisi 6gretmen adaylarinin sosyobilimsel konularin
cok yonlii oldugunu kavradigini gosteren muhakeme yeteneklerinde anlamli bir

artis gézlemlenmistir.

Sosyobilimsel Konulara Gére Tasarlanmis Olan Dersin Fen Bilgisi Ogretmen

Adaylarinin Sosyobilimsel Muhakeme Yeteneklerine Katkist

Ogretmen adaylarinin  sosyobilimsel muhakeme yeteneklerinin 6n ve son
goriismelere gore gelistigi ilk arastirma sorusuyla ortaya ¢ikmustir. Ikinci arastirma
sorusu ile de bu derste uygulanan birinci ve ikinci agsamadan sonra sosyobilimsel

muhakemelerindeki gelisme ortaya ¢ikarilmistir.

Birinci Asamadan Sonra Fen Bilgisi Ogretmen Adaylarinin Sosyobilimsel

Muhakemelerindeki Degisim

Birinci ve ikinci asamadan sonra, Ogretmen adaylarmi sosyobilimsel
muhakemelerin degerlendirilmesi birinci ve ikinci rubrigin birlestirilmesiyle elde

edilen 8 seviyeden olusan sirali 6l¢ege gore degerlendirilmistir. Buna gore, birinci
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asamadan sonra 24 fen bilgisi 0gretmen adaymin iginde 5 Ogretmen adayi
sosyobilimsel konularin kompleks oldugunu kavrayamamustir. On goriismelerde bu
sayl alti idi. Ancak oOn goriismedeki sonuclarla kiyaslandiginda, 6gretmen
adaylarimin birinci asamadan sonra daha {ist diizey seviyelerde muhakeme
gosterdigi ortaya cikmistir. Dort 6gretmen adayi ise sosyobilimsel konularin
kompleks oldugunu kavramis ancak nedenler sunamamaistir. Dokuz 6gretmen aday1
bu konularin kompleks oldugunu kavramis ve iki neden ortaya koyabilmislerdir.
Sadece bir Ogretmen adayr ortaya koydugu nedenlerle ilgili detayli bilgi

verebilmistir.

Sosyobilimsel konularin siirekli arastirmaya dayali oldugunu kavrama acisindan
birinci asamadan sonra fen bilgisi 6gretmen adaylar1 6n goriismeye gore gelisme
gostermislerdir. Biitiin 6gretmen adaylar1 sosyobilimsel konularin siirekli
arastirmaya dayali oldugunu kavramis ve en az bir spesifik bilgi belirtmislerdir. On
ogretmen aday1r iki spesifik bilgi, alti 6gretmen adayr ise li¢ spesifik bilgi
belirtmislerdir. Sadece bir 6gretmen adayr belirttigi bir spesifik bilgi ile ilgili
detayli agiklama yapmustir. On gériismede bunu yapabilen 6gretmen aday:
bulunmamaktadir. On goriismeyle kiyaslandiginda iki ve ii¢ spesifik bilgi belirten

ogretmen aday1 sayilarinda da artis olmustur.

Sosyobilimsel konularin ¢ok yonlii oldugunu kavramalari agisindan, birinci
asamadan sonra 0gretmen adaylarinin muhakemelerinde gelisme gdzlemlenmistir.
Biitlin  6gretmen adaylar1 sosyobilimsel konularin ¢ok yonli oldugunu

kavrayabilmistir. Bunlarin i¢inde {i¢ 6gretmen aday1 niikleer santral ile ilgili iki
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yon, dokuz 6gretmen adayr ise {i¢ ya da daha fazla yon belirtmislerdir. On bir
ogretmen adayi ise niikleer santralin ¢ok yonlii oldugunu kavramakla kalmamis,

belirttikleri yonlerin en az biriyle ilgili detayl bilgi ve agiklama yapabilmislerdir.

Birinci asamada 6gretmen rehberliginde yapilan sinif tartismalar1 agik uglu sorular,
bilgi akisi, tekrarlar ve agik tartismalar icermektedir. Ilki olan agik uglu sorular
Ogretmen tarafindan sorulan niikleer santralle ilgili c¢evre, politika, toplum ve
ekonomi yonlerini vurgulayan sorulardir. Ikinci olarak 6gretmen Ogretmen
adaylarina farkli bilgi tiirlerini sunmustur. Bunlar tarihsel bilgi, aragtirma sonuglari,
uzman goriisleri ve bilimsel bilgidir. Ugiincii olarak dgretmen sinif tartismalarindan
sonra niikleer santralle ilgili perspektiflerin, aktarilan bilgilerin tekrarin1 6gretmen
adaylaryla etkilesimli bir sekilde gergeklestirmistir. Sadece sinif tartismalarindan
sonra degil grup aktivitelerinden sonra da bu tarz tekrarlar goriilmiistiir. Karsilikli
yapilan bu tartigmalarda, 6rnegin, 6gretmen aday1 bir perspektif {izerinde dururken
ogretmen sordugu bir soruyla onu baska bir perspektif {izerinde diisiinmeye de
zorlamistir. Bunlar 6gretmen adaylarinin sosyobilimsel konularin kompleks, siirekli
arastirmaya dayali ve ¢ok yonlii olma O6zelliklerini kavramalarina ve muhakeme
yeteneklerinin gelismesine katkis1 olmustur. Son olarak 6gretmen rehberligindeki
smif i¢i tartismalarinda agik tartismalar dedigimiz sosyobilimsel konularin
bahsedilen 6zelliklerinin agik bir sekilde tartigildigi gézlemlenmistir. Bu sekilde
yapilan acik tartigmalar bu 6zelliklerin sadece niikleer santrale ait olmadigini tiim
sosyobilimsel konularda ortak olan ozellikler oldugunu Ogretmen adaylarina

benimsetmeye calismistir. Acik bir sekilde sosyobilimsel konularin 6zelliklerin
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tartistirilmasi 6gretmen adaylarmin sosyobilimsel muhakeme yeteneklerine katki
saglamistir. Bu sekilde yapilan tartigmalar baska alanlarda da faydali oldugu ortaya
konmustur. Ornegin bilimin dogasi {izerine yapilan arastirmalar ogrencilerin

bilimin dogasin1 daha iyi anladiklarini gostermistir.

Ikinci Asamadan Sonra Fen Bilgisi Ogretmen Adaylarinin Sosyobilimsel

Muhakemelerindeki Degisim

Ikinci asamadan sonra fen bilgisi 6gretmen adaylarmin sosyobilimsel muhakeme
yetenekleri tekrar degerlendirildi. Katilimcilarin sosyobilimsel muhakemelerinde

birinci asamaya gore gelisme olmustur.

Sosyobilimsel konularin kompleks oldugunu kavrama agisindan sadece bir
Ogretmen sosyobilimsel konularin kompleks olmadigini ifade etmistir. Bu say1
birinci asamadan sonraki degerlendirmede bes idi. Ikinci asamadan sonra 12
ogretmen aday1 sosyobilimsel konularin kompleks oldugunu kavramis ve en az bir
neden belirtmistir. On bir 6gretmen adayi ise belirttigi nedenlerle ilgili detayl

aciklama ve gerekge ortaya koymustur.

Sosyobilimsel konularin siirekli arastirmaya dayali oldugu agisindan da fen bilgisi
ogretmen adaylarmin muhakemelerinde birinci asamaya kiyasla gelisme
gozlemlenmistir. Biitlin 6gretmen adaylar1 sosyobilimsel konularin tartigmasi ve
cozlimiinde siirekli arastirma gerekecegini kavramis ve en az bir spesifik bilgi
ortaya koymuslardir. Bunun yani sira on bir fen bilgisi 0gretmen adayi ise

belirttikleri bilgilerle ilgili detayli agiklama ve gerek¢e sunmuglardir.
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Sosyobilimsel konularin ¢ok yonlii oldugunu kavramada da fen bilgisi 6gretmen
adaylar1 birinci asamaya gore gelisme gostermislerdir. Ikinci asamadan sonra on
dokuz 6gretmen aday1 sosyobilimsel konularin ¢ok yonlii oldugunu kavramis ve en

az bir perspektif icin detayli agiklama ve gerekgeler ifade etmiglerdir.

Ikinci asama niikleer santralle ilgili karar verme siirecini igeren Ogretmen
rehberliginde gerceklesen grup aktiviteleri icermektedir. Bu aktivite sirasinda
Ogretmen adaylar karar vermede sikintilar yasamis, niikleer santralin iyi ve kot
yonlerini tartigsmis, eldeki bilgileri degerlendirmis ve daha fazla bilgi ihtiyaci
hissetmis, farkli yonlerden niikleer santrali incelemis ve verdikleri karar farkli
yonleri igermistir. Yani 6gretmen adaylarmin bu deneyimleri onlarin sosyobilimsel
konularin degismez o6zelliklerini kavramalarina yardimci olmustur. Nitekim bu
aktivite ile ilgili goriislerinde de bu aktivite sayesinde bu konularin ne kadar
kompleks ve karar verilmesi zor konular oldugunu, arastirma yapmalar1 gerektigini
ve eldeki bilgilerin yetersiz kalabilecegini, ve bir ¢ok agidan bu konularin

incelenmesini gerektigini belirtmislerdir.

Sonu¢ olarak fen bilgisi Ogretmen adaylarmin sosyobilimsel muhakeme
yeteneklerinde gelisme bulunmustur ve sosyobilimsel konular iizerine tasarlanmis
olan derste uygulanan farkli aktiviteler buna katki saglamistir. Bu anlamda
sosyobilimsel konular fen egitimine dahil edilmelidir ve 6grencilerin sosyobilimsel
muhakeme yeteneklerinin gelismesi amaglanmalidir. Ayrica sosyobilimsel konular

Ogretmen yetistirme programlarina da dahil edilmelidir ve bu konular1 6gretecek
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olan 6gretmenler bu konulardan haberdar olmali ve kendileri de bu konular iizerine

muhakeme edebilmelidirler.
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TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitisu

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisti

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi : Cansiz
Adi : Nurcan
Boliimii : lIkdgretim

TEZIN ADI : Developing Preservice Science Teachers’ Socioscientific Reasoning

Through Socioscientific Issues-Focused Course

TEZIN TURU : Yiiksek Lisans Doktora

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

3. Tezimden bir bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIM TARIHI:
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