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ABSTRACT

AN ANALYSIS OF SCIENCE TEACHERS’ GENETICS LITERACY AND
RELATED DECISION MAKING PROCESS

Cebesoy, Umran Betiil
Ph.D., Department of Elementary Education

Supervisor: Prof. Dr. Ceren Oztekin

September, 2014, 351 pages

The purpose of the present study was twofold. The study, first explored the relationships
among science teachers’ background characteristics (gender, teaching experience, self-
perceived interest in genetics and self-perceived knowledge in genetics), their genetics
literacy levels, attitudes towards various issues in genetics literacy and perceptions of
teaching issues in genetics literacy. Second, the present study was aimed to explore the
factors that influence science teachers’ decision making processes. In current study,
sequential explanatory design, a type of mixed method research, was adopted. 435 science
teachers working in public middle schools in Ankara participated in the quantitative part
of study. Participating teachers completed Genetics Literacy Assessment Inventory,
Attitudes towards Issues in Genetics Literacy Scale and Perceptions of Teaching Issues in
Genetics Literacy Scale. Semi-structured interviews were conducted with 18 volunteer

science teachers in the qualitative part of study. Results revealed that being female, having



high level of interest in genetics and perceiving themselves as knowledgeable in genetics
were associated with higher levels of knowledge in genetics literacy and favorable general
attitudes as well as believing the necessity of introducing genetics literacy and holding
higher self-efficacy teaching beliefs. They, however, were likely to emphasize more
hinderer factors as well as holding unfavorable attitudes towards gene therapy and gene
therapy applications implying that their attitudes were context dependent. Likewise, their
decisions were changed based on the issues being investigated. While their decisions were
influenced by a wide range of factors, the emergent factor that influenced their decisions

was found as moral considerations.

Keywords: Genetics Literacy, Science Teachers, Attitude, Decision-Making
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FEN BILIMLERI OGRETMENLERININ GENETIK OKURYAZARLIK
DUZEYLERININ VE KARAR VERME SURECLERININ INCELENMESI

Cebesoy, Umran Betiil
Doktora, Tlkdgretim Boliimii

Tez Yoneticisi: Prof. Dr. Ceren Oztekin

Eyliil 2014, 351 sayfa

Bu calismanin, iki amaci bulunmaktadir: Ilki, ortaokul fen bilimleri 6gretmenlerinin
genetik okuryazarlik diizeyleri, ¢esitli genetik okuryazarlik konularina yonelik tutumlari
ve genetik okuryazarlik konularinin 6gretimine yonelik algilarini ile bu degiskenler
arasindaki iliskilere etki edebilecek faktorler (cinsiyet, mesleki deneyim, mezun olunan
boliim, genetik okuryazarliga yonelik ilgi ve genetik okuryazarligin 6grenildigi bilgi
kaynaklari) arasindaki iliskileri incelemektir. Diger amaci ise, fen bilimleri 6gretmenlerin
genetik okuryazarlik ile ilgili farkli konularda karar verme siireglerini ve bu siirecleri
etkileyen faktorleri incelemektir. Bu amacla, Genetik Okuryazarlik Olgme Envanteri,

Genetik Okuryazarliga Yonelik Tutum Olgegi ve Genetik Okuryazarlik Ogretimine

Vi



Yénelik Algr Olgekleri kullanilmistir. Arastirmada, nitel ve nicel arastirma yontemleri
birlikte kullanilmigtir. Arastirmanin nicel kismina, Ankara ilinde farkli okullarda gérev
yapan 435 fen bilimleri 6gretmeni katilirken, nitel kismina ise 18 fen bilimleri 6gretmeni
gonilli olarak katilmistir. Nicel verilerin analizinde kanonik korelasyon yontemi
kullanilmistir. Sonuglar, genetik konularina ilgi duyan ve kendilerini daha bilgili algilayan
kadin fen bilimleri 6gretmenlerinin, daha yiiksek diizeyde genetik okuryazar bireyler
olduklarini ortaya koymustur. Buna ek olarak, bu 6gretmenlerin genel tutumlarinin daha
pozitif oldugu ve 6z-yeterlik algilarinin yiiksek oldugu sonucuna ulagilmistir. Bununla
birlikte, ayn1 6gretmenlerin gen terapisi ve gen terapisi uygulamalarina yonelik olumsuz
bir tutum i¢inde olduklar1 gériilmiis ve bu 6gretmenler, genetik okuryazarlik konularinin
fen siniflarinda 6gretilmesinin 6niinde 6grencilerin ilgi ve basarilar1 gibi belli engeller
oldugunu belirtmislerdir. Nitel verilerin analizi sonucunda ise, 6gretmenlerin karar verme
siireclerinde cesitli faktorlerin etkili oldugu sonucuna ulasilmistir. Ogretmenlerin karar
verme siireclerini etkileyen en temel faktoriin ahlaki faktér oldugu, bununla birlikte, bu
siireclerde birden fazla faktoriin birbiri ile etkilesimde oldugu ve incelenen genetik

okuryazarlik konularma gore farklilik gosterdigi bulgularina ulagilmistir.

Anahtar Kelimeler: Genetik Okuryazarlik, Fen Bilimleri Ogretmenleri, Tutum, Karar

Verme Siirecleri
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CHAPTER |

INTRODUCTION

Scientific literacy is an umbrella term that consist many different interest areas (Roberts,
2007). Despite its importance, definition of scientific literacy has long been remained “ill-
defined and diffuse” (Laugksch, 2000; Dillon, 2009; Millar, 2006). Even its precise
meaning is assumed to be unclear as Millar (2006) indicated, Norris and Philip (2003)
clarified some core conceptions that required for scientific literacy. According to Norris
and Philips (2003), scientific literacy requires conceptual understanding of basic scientific
ideas, the role of science and its applications as well as nature of science. In addition, it
requires the ability to use scientific knowledge in problem-solving situations and the
ability to think critically as well as assessing risk and benefits arising from scientific

endeavor implicit in their definition.

In addition to having contemporary knowledge regarding science, Lederman and his
colleagues (2014) stated that the scientific literacy entails using this scientific knowledge
in making decisions about personal and ethical situations (p. 286). Making informed
decisions are also attributed to scientific literacy in numerous studies (Bingle & Gaskell,
1994; Dawson, 2011; Lee, 2007; 2008; Lewis & Leach, 2006; Roberts, 2007; Sadler,
2004a; Sadler, Amirshokoohi, Kezampouri, & Allspaw, 2006; Zeidler, Walker, Ackett, &
Simmons, 2002; Tsui & Treagust, 2010). Thus, making informed decisions are elucidated
as an important characteristic of scientifically literate individuals. With the rapid increase
in genetic technologies, being well informed about genetics issues such as genetic testing,
stem cell research, gene therapy or genetically modified foods as well as being aware of
the ethical, legal and moral controversies that are emanating from technologies have



become crucial (Miller, 1998; Sturgis, Cooper & Five-Schaw, 2005; Lee & Witz, 2009;
Tsui & Treagust, 2010; van der Zande, Brekelmans, Vermunt & Waarlo, 2009). Since
these issues are indispensable parts of scientific literacy as Tsui and Treagust (2010)
mentioned, scientifically literate individuals should have accurate scientific understanding
about the genetic technologies but also make informed decisions about socially and
ethically controversial issues (Halverson, Freyermuth, Siegel & Clark, 2010; Sturgis et al.
2005; Tsui & Treagust, 2010). Accordingly, not only developing understanding but also
participating in and making informed decisions about science-based social discussions
turn out to be a requirement which have been frequently emphasized for citizens living in
modern societies (Bingle & Gaskell, 1994; Eggert & Bogeholz, 2010; Kolste, Bungum,
Arnesen, Isnes et al. 2006; Lee, 2007; Lewis & Leach, 2006; Miller, 2004; Norris &
Philips, 2003; Tytler, Symington, & Smith, 2011).

As public understanding of genetics has become a necessity for citizens living in 21%
century (Miller, 2004), genetics is assumed to be an important and critical aspect of
scientific literacy (National Research Council [NRC], 1996; Duncan, Rogat & Yarden,
2009; Duncan, Freidenreich Chinn & Baush, 2011; Kampourakis, Reydon, Patrinos &
Strasser, 2014; Tsui & Treagust, 2010). The application and implications of genetics, on
the other hand, require a better understanding of “genetic literacy” (Knippels, Waarlo, &
Boersma, 2005). Even there is no consensus among the scholars on the definition
Mclnerney (2000), genetics literacy has been generally described as having necessary
knowledge in genetics, and using this knowledge to make informed decisions for personal
well-being which in turn, resulted in effective participation of social issues (Bowling,
2007). In his article, MclInerney (2002) stated that:

Genetic(s) literacy likely does not require that the public be able to
distinguish science from technology, but it is likely that genetic medicine,
following the pattern of all modern health care, will confront individual
patients and the public with more of the latter than the former. Already,
individuals and the public encounter genetically based diagnostic and
treatment technologies... Just as genetic(s) literacy requires an



understanding of the nature of science, so it requires an understanding of
the basic principles of technology. (p. 386).

As implied in Mclnerney’s statements, it is quite clear that with the increasing influence
of technological developments on society, citizens are confronted with issues related
genetics in their daily lives. Thus, future generations should be raised as genetically
literate in order to understand and involve in the decision-making process about the issues
arising from recent developments in gene technology (Tsui & Treagust, 2010).
Kampourakis and his colleagues (2014) indicated that genetic literacy has two distinct
components as having basic content knowledge regarding genetics (such as knowledge
about genes or DNA) and the skills to participate informed decision making situations
arising from genetic technologies such as genetic testing or genetic engineering. The
genetcs literacy requires not only holding sound understanding of genetics and nature of
science, but also usage of this understanding in solving everyday problems. As a result,
genetically literate individuals are highly demanded by modern societies. As students are
future citizens in societies (Boerwinkel et al., 2014; Levinson, 2006; Molinatti, Girault &
Hammond, 2010), it is important for modern societies to raise genetically literate
individuals who make informed judgments and decisions about scientific and
technological issues by utilizing genetics knowledge (Bowling et al. 2008; Dawson, 2007,
Dawson & Schibeci, 2003; Klop & Severiens, 2007; Lanie et al. 2004; Mclnerney, 2002).
With this respect, the inclusion of issues in genetics literacy into science classes will
prepare students for their future roles as Levinson (2006) indicated.

For raising genetically literate individuals, school science will provide an appropriate
context. At this point, teachers’ role of implementing issues in genetics literacy is crucially
important. As Kelchtermans (2009) noted; teachers are critically important in professional
teaching. Teachers themselves should be genetically literate, if they want to help their
students to develop informed views regarding issues in genetics literacy (Leslie &

Schibeci, 2003). Despite its importance, studies from several countries indicated that



besides having ethical and moral dilemmas regarding applications of genetics
technologies, science teachers possessed serious conceptual difficulties in understanding
and teaching of basic concepts in genetics including controversial issues (Banet & Ayuso,
2000; Boerwinkel et al., 2011; Bryce & Gray, 2004; Ozay, Ozay & Oztap, 2003; Steele &
Aubusson, 2004; Tekkaya, Ozkan & Sungur, 2001). Even science teachers are assumed
to be real implementers of issues in genetics literacy, research studies conducted in
different countries showed teachers’ unwillingness to implement these issues into their
classes (e.g., Boerding, Sadler, & Koroly, 2013; Eggert & Bogeholz, 2010). This can be
attributed partly to teachers’ difficulty in subject matter knowledge regarding
controversial issues in genetics (Steele & Aubusson, 2004; Ball, 2000), lack of their
confidence in handling discussions related with controversial issues in their classes (Bryce
& Gray, 2004) and partly to curricular restrictions and external examinations (Eggert &
Bogeholz, 2010; Lazarowitz & Bloch, 2005), and lack of time and resources (Bryce &
Gray, 2004; Kwon & Chang, 2009; Zeller, 1994). Overall, findings suggested that science
teachers are not well prepared to effectively teach issues in genetics literacy to their

students.

Science teachers’ implementation of issues in genetics literacy in their classes are mainly
influenced by their ideas, beliefs, values, philosophies and personal concerns which
directly enhance their students’ decision making skills, critical thinking, moral reasoning
aswell as attitudes towards and understanding of issues in genetics literacy (Cotton, 2006;
Kolste, 2001; Lee & Witz; 2009; Simmons & Zeidler, 2003; Zeidler, 2011). Close
examination of related literature also implied that background characteristics, such as
gender, self-perceived interest, religious affiliations, and cultural factors, have an impact
on individuals’ attitudes towards different issues in genetics literacy (Brossard, Scheufele,
Kim & Lewenstein, 2008; Crne-Haladnik, Hladnik, Javornik, Ko$melj, & Peklaj, 2012;
Hagay, Baram-Tsabari, Ametller, Cakmakci, et al. 2013; Hagay, Peleg, Laslo & Baram-
Tsabari, 2013; Sohan, Waliczek, & Briers, 2002; Rundgren, 2011; Qin & Brown, 2007,

2008). Among them are gender, self-perceived interest, religious affiliations, cultural



factors such as policy conflicts, and differences in public opinions, risk perceptions and
social trust were being examined and reported as influencing participants’ opinions. The
common finding is that since participants’ knowledge as well as their attitudes tended to
be influenced by one or more of these factors, it is necessary to examine and interpret
participants’ attitudes towards issues in genetics literacy as through the lenses of these

factors.

The aforementioned literature provides some direction to this dissertation by providing
insight into the factors that might influence science teachers’ genetics literacy levels, as
well as their attitudes towards varios issues in genetics literacy. Thus, this study aims to
investigate genetics literacy with respect to knowledge level, attitude towards different
issues in genetics literacy as well perceptions regarding as teaching issues in genetics
literacy.

As science teachers’ are assumed to develop their students’ informed decision making
skills regarding controversial issues in their classrooms (Dawson, 2011; Khishfe, 2012),
science teachers’ own decision making processes have become prominent. Henneman
(2011) indicated there are many factors that may influence decision making process
regarding controversial issues such as genetic screening or clinical genetics. While
primary factors that influence decisions are emphasized as ethical and moral
considerations (Sadler, 2004b; Sadler & Zeidler, 2005; Simmons & Zeidler, 2003; Zeidler
& Keefer, 2003; Zeidler & Sadler, 2008; Wu & Tsai, 2007), a multi-perspective reasoning
framework on decision making considering social, environmental, politics, economic,
religious, value and risk perspectives (Bell, 1999; Bell & Lederman, 2002; Khishfe, 2012;
Lee & Grace, 2012; Ratcliffe & Grace, 2002; van de Zande et al. 2011; Zohar & Nemet,
2002) is needed for exploring decision making process. Thus, the present study also
focused on science teachers’ decision making processes and the factors that influence their

decision making processes.



1.2. Purpose of the study

The main focus of this study is to explore middle school science teachers’ genetics literacy
with respect to knowledge level, attitude towards different issues in genetics literacy as
well as teaching perceptions regarding issues in genetics literacy and the factors that
influence decision making processes. With this respect, this study, first investigated
middle school science teachers’ genetics literacy levels, their attitudes towards issues in
genetics literacy as general attitude, use of genetic information, abortion, pre-
implementation genetic diagnosis, gene therapy and gene therapy applications and their
perceptions of teaching issues in genetics literacy as necessity of introducing, impeding
factors and personal teaching efficacy beliefs. Second, the study examined possible
relationships among science teachers’ background characteristics (gender, teaching
experience, self-perceived interest in genetics and self-perceived knowledge in genetics),
their genetics literacy levels, their attitudes towards various issues in genetics literacy and
their perceptions of teaching issues in genetics literacy. Lastly, the factors that might
influence science teachers’ decision making processes were addressed in present study.

Research questions that are addressed in this study are presented below:

1. What are middle school science teachers’ genetics literacy levels, their attitudes
towards issues in genetics literacy and their perceptions of teaching issues in

genetics literacy?
1.a. What are science teachers’ genetics literacy levels?

1.b. What are the science teachers’ ideas about specific issues in genetics
literacy as use of genetic information, abortion, pre-implementation genetic

diagnosis, gene therapy and gene therapy applications?

l.c. What are the science teachers’ perceptions regarding genetic literacy

issues?



I.  What are science teachers’ ideas about the necessity of
introducing issues in genetics literacy into science classes?
ii.  What are science teachers’ ideas about the factors that impede
introducing issues in genetics literacy?
iii.  What are science teachers’ personal teaching beliefs regarding
issues in genetics literacy?

2. How well do science teachers’ background characteristics (gender, teaching
experience, self-perceived interest in genetics and self-perceived knowledge in
genetics) predict their genetics literacy levels, their attitudes towards issues in
genetics literacy and their perceptions of teaching issues in genetics literacy?

3. What are the factors that influence science teachers’ decision making processes

while dealing with various issues in genetics literacy?

1.3. Significance of study

The overarching goal of science education has been considered as promoting scientific
literacy (NRC, 1996; Sadler et al. 2006). Scientific literacy aims developing individuals’
informed decision making as well as developing knowledge and understanding of
scientific concepts (Bingle & Gaskell, 1994; Dawson, 2011; Lee, 2007; 2008; Lewis &
Leach, 2006; NRC, 1996; Ratcliffe & Grace, 2002; Roberts, 2007; Sadler, 2004a; Sadler
et al., 2006; Zeidler, et al., 2002; Tsui & Treagust, 2010). Thus, scientifically literate
individuals that have sufficient knowledge and understanding of scientific concepts and
make informed decisions regarding daily life problems they are encountered have long
been desired by modern societies (Eggert & Bogeholz, 2010; Dougherty, 2009; Dawson,
2011; Kolsta et al. 2006; Lee, 2007; Lewis & Leach, 2006; MoNE, 2006; Norris & Philips,
2003; Tytler et al. 2011). Significance of scientific literacy and scientifically literate
individuals have also been acknowledged by Turkish curriculum developers. Thus,

scientific literacy as well as raising scientifically literate individuals have been in the



center of reform policies in Turkish national science curriculum. The reform initiatives in
Elementary Science and Technology curriculum that was disseminated starting from the
year of 2005 has envisioned to raise students as “scientifically” and “technologically”
literate individuals (MoNE, 2006). This goal also has shaped the current curriculum

reform efforts in science curriculum beginning from 2013 (MoNE, 3013).

With the increasing impact of developing technologies, scientifically literate individuals
also need to make informed decisions regarding genetics- related issues such as genetic
testing, stem cell research, gene therapy or genetically modified foods (Boerwinkel et al.,
2014; Choi et al., 2011; Concannon et al., 2010; Duncan et al., 2009; Freidenreich et al.,
2011; Lederman et al., 2014) and be aware of the public debates such as privacy of
biomedical and personal information, use of genetic databanks or potential benefits and
the risks of genetics technologies as well as being able to take part in resolution of these
disputes (Dawson, 2007; Miller, 1998; Norris & Philips 2003; Tytler et al. 2011). Thus,
development of genetics literacy and raising genetically literate individuals who
understand genetics concepts to make informed decisions related to genetics related issues
by considering ethical, legal and social implications (Bowling et al. 2008; Dawson, 2007;
Dawson & Schibeci, 2003; Klop & Severiens, 2007; Lanie et al. 2004; Mclnerney, 2002)
have become prominent. As students are future citizens of modern societies, it is important
to prepare students for their future roles. The inclusion of issues in genetics literacy will
enable students to develop understanding regarding genetics and genetics related issues as
well as preparing them to make informed decisions by considering social, ethical, legal
and political concerns related with genetics (Boerwinkel & Warloo, 2011; Dawson, 2003;
Dawson & Schibeci, 2003; Dawson, 2011; Klop & Severiens, 2007; Lee, 2008; Sadler et
al., 2006; Venville & Dawson, 2010; Zeidler, 2011). The inclusion of issues in genetics
literacy into science classes is possible with effective implementation and teaching
strategies of teachers. A number of studies reported that science teachers implement issues
in genetics literacy into their classes in parallel with their values, ideals, philosophies and

concerns (Lee & Witz, 2009). But teachers’ limited understanding possibly will influence



their ability to teach such issues effectively. Thus, for effective implementation of these
Issues into science classes as well as into science curriculum, first, it is needed to reveal
teachers’ genetics literacy levels and their attitudes towards different issues as well as their
teaching perceptions regarding issues in genetics literacy. Although genetics literacy
consists of combination of many issues, past studies were found to be limited by focusing
on only one or two aspects of genetics literacy (Eggert & Bogeholz, 2010; Khisfee, 2012;
Lee, 2008; 2009; Nielsen, 2012; Ratcliffe & Grace, 2002; Van der Zande et al., 2011).
This study seeks to address this identified gap by conducting a study that investigates the
possible associations between science teachers’ background characteristics (gender,
teaching experience, self-perceived interest in genetics and self-perceived knowledge in
genetics), their genetics literacy levels, their attitudes towards various issues in genetics
literacy and their perceptions of teaching issues in genetics literacy. With this study, a
general overview of Turkish science teachers’ attitudes towards different genetics issues
as well as their genetics literacy levels and their relation to background characteristics is
gained. The main contribution of this study is to elucidate Turkish science teachers’
genetics literacy with respect to many aspects comprising genetics literacy. Moreover, by
uncovering science teachers’ levels of genetics literacy, their attitudes towards issues in
genetics literacy and their perceptions of teaching these issues; this study could provide
valuable clues about existing situation regarding genetics literacy to teacher educators in

Turkey for promotion of raising genetics literate citizens.

Numerous studies have emphasized the necessity and the importance of developing
students’ informed decision making skills regarding genetics issues that consist of ethical
and moral dilemmas in the context of biotechnology and socioscientific issues
(Boerwinkel et al. 2009; 2012; Dawson, 2011; Dawson & Venville, 2020; Khishfe, 2012;
Lee, 2007; 2008; 2012; Lee & Witz, 2009; Sadler, 2004a; Sadler et al., 2004; Sadler &
Zeidler, 2005; Simmons & Zeidler, 2003; Zeidler et al., 2002; Wu & Tsai, 2007).
Moreover, the role of socioscientific issues and decision making processes have also been

acknowledged in the current science curriculum reform initiatives and included in the new



curriculum from the beginning of 2013 (MoNE, 2013). Besides, developing students’
informed decision making skills as envisioned in Turkish national science curriculum has
become prominent. In order to develop students’ decision making skills regarding
controversial issues, teachers are assumed to address decision making regarding
controversial issues in their classrooms (Khishfe, 2012). She indicated that decision
making is a learned process. Thus, teachers can teach their students to be well informed
and develop decision making skills about controversial issues. However, Lee and Witz
(2009) pointed out that science teachers develop their own personal meaning of socio-
scientific issues and teach these issues based on values, philosophies, personal concerns
and experiences. Since teachers’ own pedagogical beliefs influence students’
development of decision making skills as well as concept learning in genetics as Zeidler
(2011) highlighted, it is needed to reveal how science teachers’ decisions are influenced
by their viewpoints. The ethical/moral factors that influence individuals’ decision making
processes have been pointed out in numerous studies (e.g., Sadler, 2004a; 2004b; Sadler
& Zeidler, 2005; Wu & Tsai, 2007). In addition other factors such as social,
environmental, politics; economic, religious, economics and cultural as well as values and
risk are reported to play important role in this decision-making process (Bell, 1999; Bell
& Lederman, 2002; Khishfe, 2012; Lee & Grace, 2012; Ratcliffe & Grace, 2002; van de
Zande et al. 2011; Zohar & Nemet, 2002;). Thus, it is needed to explore science teachers’
decision making processes by considering multiple factors. Therefore, the current study
has aimed to shed light on science teachers’ decision making processes and the factors

that influence their decision making processes.

1.4. Definition of important terms

Scientific literacy

10



Scientific literacy defined as “the knowledge and understanding of scientific concepts and
processes required for personal decision making, participation in civic and cultural affairs,
and economic productivity” (NRC, 1996; p. 22).

Genetics literacy

Genetics literacy is defined by Bowling et al. (2008, p.16) as ‘sufficient knowledge and
appreciation of genetics principles to allow informed decision-making for personal well-
being and effective participation in social decisions on genetics issues’. Genetics literacy
also referred the issues and challenges that are related to genetics and genetics

technologies (Jennings, 2004).
Informed decision making

Informed decision making is defined as “decisions that is consistent, aligned and well-
supported by evidence” (Khishfe, 2012; p. 69). Aside from its precise meaning, informed
decision making in this study refers to be well informed about genetics related issues by
considering the ethical, legal and moral controversies that are emanating from genetic
technologies (Miller, 1998; Sturgis et al. 2005; Lee & Witz, 2009; Tsui & Treagust, 2010;
van der Zande et al. 2009).

Issues in Genetics Literacy

Genetics related issues refers the issues that are emanated from development of
technologies and can span a variety of forms such as genetic testing, stem cell research,
gene therapy or genetically modified foods (Boerwinkel et al., 2014; Choi et al., 2011;
Concannon et al., 2010; Duncan et al., 2009; Freidenreich et al., 2011; Lederman et al.,
2014; Sadler et al. 2004).

11



Teachers’ attitude towards issues in genetics literacy

In the present study, teachers’ attitudes towards issues in genetics literacy refers to their
general attitudes, attitudes towards the use of genetic information, abortion, pre-

implementation genetic diagnosis, gene therapy and gene therapy applications.
Use of genetic information

Use of genetic information refers to the use of personal genetic information by third parties

such as insurance companies or employers.
Pre-implementation genetic diagnosis

Pre-implementation genetic diagnosis refers to “the technique whereby embryos created
by in-vitro fertilization are genetically screened prior to implantation in the womb”

(Sturgis et al. 2002; 42-43).
Gene therapy

Gene therapy refers to “all types of early-intervention strategies that result in large-scale

cellular modifications of the individual” (Lederman et al. 2014, p. 296).
Gene therapy applications

Gene therapy applications refers to the different types of gene therapy as somatic gene
therapy, germ-line gene therapy and in-utero gene therapy. While the genes that are
modified would not be inherited by any future children in somatic gene therapy, the
modified genes would be inherited to the offspring in germ-line gene therapy. On the other
hand, the modifications in genes are made before birth and the modified genes would not

be inherited in in-utero gene therapy (Sturgis et al. 2002, p. 39-40).
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Teachers’ perceptions of teaching genetics literacy

In present study, teachers’ perceptions of teaching genetics literacy explored under three
dimensions as teachers’ perceptions of the necessity of addressing issues in genetics
literacy in their classes, their perceptions of factors that impede addressing issues in

genetics literacy in their classrooms and teachers’ personal teaching efficacy beliefs.
Teachers’ perceptions of the necessity of addressing issues in genetics literacy

Teachers’ perceptions of the necessity of addressing issues in genetics literacy refers to

the teachers’ ideas about the importance of genetics literacy in science curriculum.
Teachers’ perceptions of factors that impede addressing issues in genetics literacy

Teachers’ perceptions of the necessity of addressing issues in genetics literacy refers to
the teachers’ ideas about the impeding factors that burdens of addressing these issues such

as maturity of students or students’ learning difficulties.
Teachers’ personal teaching efficacy

Teachers’ personal teaching efficacy is defined as “teachers’ judgments of his/her
personal ability to influence students’ learning” (Denzine, Cooney & Mckenzie, 2005; p.

690)
Science teachers

Science teachers refer to middle school science teachers working in public or private
schools in Turkey who teach from grade 4 to 8.

13



CHAPTER II

LITERATURE REVIEW

The purpose of this study was to explore science teachers’ genetics literacy with respect
to knowledge level, attitude towards different issues in genetics literacy as well as teaching
perceptions regarding genetics literacy and the factors that influence decision making
processes. Therefore, an overview of genetics literacy research considering knowledge
level, attitude towards different issues in genetics and studies focusing on decision making
processes were reviewed in this chapter. In first part, studies focusing on genetics literacy
with respect to students, pre-service and in-service science teachers were reviewed. In
second part, selected studies focusing on students’, pre-service and in-service science

teachers’ decision making processes were presented.

2.1. Genetics Literacy

“Genetics literacy” is a broad concept which has no consensus on its definition as
Mclnerney (2000) indicated. Various researchers, however, defined genetics literacy in
their research contexts (Bowling, 2007; Bowling, Acra, Wang, et al. 2008; Jennings, 2003,
2004; Mclnerney, 2002). For instance, Bowling and her colleagues (2008) defined
genetics literacy as the having sufficient knowledge in genetics to make informed
decisions for personal well-being and to effectively participated in discussion related
genetics issues. According to Jennings (2003), having sufficient knowledge in genetics as
well as understanding necessity of genetics was not adequate for genetics literacy. He
indicated that individuals who are genetically literate also should be able to make
decisions related to health related issues by using their knowledge in genetics. In his

definition, Mclnerney (2002) stressed the importance of developing an understanding in

14



basic principle of technology as well as in concepts in genetics. In addition, he referred
the importance of dealing with ethical, legal and social issues in making decisions. From
these definitions, it can be noted that critical function of genetics literacy is to develop an
understanding in genetics and genetics related issues as well as in technology related
issues and use these understandings in making informed decisions which have ethical,
legal and social aspects. As the genetics literacy definitions clearly referred the notions
“understanding in genetics”, “understanding in technology” and “making informed
decision”, a broad literature consisting biotechnology and socio-scientific issues (SSIs)
research have overlapped with genetics literacy research. While research studies
conducted on biotechnology and SSls focused on controversial issues which arise from
the technological developments such as genetic modification of crops and animals,
cloning, genetic testing, stem cell research (Boerwinkel, Swierstra & Waarlo, 2014; Bryce
& Gray, 2004; Choi, Lee, Shin, Kim & Krajcik, 2011; Concannon, Siegel, Halverson, &
Freyermuth, 2010; Dawson & Venville, 2009; Duncan, Rogat & Yarden, 2009;
Freidenreich, Golan-Duncan & Shea, 2011; Sadler & Zeidler, 2004; 2005a; 2004), SSls
studies also focused on informed decision making and reasoning processes (Sadler, 2004a;
Sadler & Zeidler, 2004; 2005a; Zeidler, Walker, Ackett & Simmons, 2002). Thus, while
reviewing research studies in genetics literacy, studies conducted on biotechnology and
socio-scientific issues with respect to various focus groups as students, undergraduate
students, pre-service and in-service teachers as well as various issues in genetics such as
genetic engineering, stem cell research, cloning, genetically modified foods, genetic
testing and pre-implementation genetic testing were explored in present study. As genetics
literacy highlighted understanding of genetics and technology, and informed-decision
making, research studies focused on these aspects were specifically selected for literature
review. First, empirical studies focusing on public, student, pre-service and in-service
teachers’ understanding and attitudes as well as the relationship between understanding

and attitude were presented below:
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2.1.1. Studies focusing on genetics knowledge and attitudes towards genetics

Vast variety of studies with different focus groups such as public, students, undergraduate
students, pre-service and in-service teachers have long investigated participants’ content
knowledge in genetics as well as their attitudes towards various issues in genetics such as
genetically modified foods and genetic modifications in animals in organisms (Crne-
Haladnik, Haladnick, Javornik, KoSmlej & Peklaj, 2012; Sohan, Waliczek, & Briers,
2002; Sorgo & Ambrozi¢-Dolinsek; 2009; 2010); gene therapy and specific applications
of gene therapy as somatic and germ-line gene therapy (Crne-Haladnik et al., 2012;
Sturgis, Cooper & Fife-Schaw 2005), use of genetic data and general attitudes towards
biotechnology (Sturgis et al., 2005) and recombinant DNA (Sohan, et al., 2002). In
addition, the aforementioned studies also explored the relationship between genetics
content knowledge and attitudes towards various issues in genetics. These studies were
reviewed under three subparts. In first part, studies conducted with students will be
presented. While studies conducted with pre-service and undergraduate students, as well
as teachers, will be presented in second part, last part will be devoted to public

understanding of genetics and attitudes towards various issues in genetics.

2.1.1.1. Students’ understanding of genetics and attitudes towards issues in genetics

literacy

Under this heading, empirical studies related to students’ understanding of genetic content
knowledge and attitudes towards various issues in various countries were reviewed. As
genetics literacy consists of issues both related to biotechnology and controversial issues,
studies focusing on biotechnology issues, as well as controversial issues related to
genetics, were selected for this part. In first part, the studies exploring students’
understanding of genetics and their attitudes towards various genetics applications were
explored. In second part, the studies seeking for relationship between content knowledge

in genetics and attitudes towards issues in genetics literacy were presented.
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In an earlier attempt to understand students’ understanding of genetics concepts, Lewis
and Wood-Robinson (2000) investigated English students’ (aged 14- 16) knowledge and
understanding of genetics concepts (n= 482). Findings revealed that students lacked of
basic knowledge regarding genetics such as chromosomes, genes and cell structure. For
instance, while a great majority (73%) were able to define characteristics of genes, only
11% correctly identified the location of genes. While half of the sample seemed to be
unaware of the genetic information is found all the living things, most students were
unable to distinguish meiosis from mitosis. In addition, students were also unaware of the
concept of “alleles”. For instance, only 3% correctly identified alleles and the role of
alleles in genes and different types of genes. The study also revealed that students held
alternative ideas regarding chromosomes and genes. For instance, 25% of them believed
that genes were bigger than chromosomes, and only 10% of participants correctly
identified the location of chromosomes. The researchers concluded that existence of
confusion about terminology used in genes, uncertainty and lack of knowledge regarding
genetics. They suggested the necessity of changing in secondary school biology
curriculum including basic information regarding genetics and developing students’

ability to evaluate scientific information or evidence through courses.

In another study, Tekkaya, Ozkan and Sungur (2001) investigated Turkish high school
students’ difficulties in biology concepts and whether gender difference influence their
perceptions. A total of 368 high school students were surveyed. The results revealed that
high school students mostly perceived the concepts in Mendelian genetics, meiosis and
mitosis, and genes and chromosomes as difficult to learn. In addition, the researches
revealed gender difference favoring male students that implied that male students
perceived the biology concepts easier to learn when compared to female students.
Moreover, the researchers interviewed with 14 biology teachers in order to get a deeper
understanding of the reasons behind these difficulties. The interview results revealed that
teachers were aware of their students’ difficulties in learning biology concepts as the

concepts that both teachers and students matched. The researchers attributed this
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difficulties to biology curriculum, insufficient teaching and learning strategies and
laboratory conditions. Also, it was suggested that the increasing in the number of figures
presenting biology concepts in textbooks might help students to develop better

understanding regarding biology concepts.

In a more recent study, Topcu and Sahin-Pekmez (2009) investigated Turkish middle
school students’ difficulties in learning genetics concept by using qualitative approach. In
first step, an open-ended questionnaire was administrated to a total of 128 students. Then,
semi-structured interviews with low, moderate and high achiever students (3 students for
each) who completed the questionnaire were conducted in order to get deeper insights
about their difficulties. The results revealed that while majority of students correctly
identified the characteristics of genetic structures as cell, nucleus, chromosome, DNA,
gene; they mainly had difficulty in explaining their functions. For instance, more than half
of participants correctly defined cell concepts (62.5%). However, only 14% of them
correctly explained the functions of cell. Similarly, while majority of students correctly
defined somatic and sex cells, more than a quarter correctly explained their functions in
reproduction and growth. Overall, these findings indicated that students did not have deep
understanding in genetic structures. Semi-structured interviews revealed that students
were not pleased about their textbooks as they indicated that they could not get conceptual
knowledge from textbooks. Moreover, students expressed that they had difficulties in
mathematical expressions used in genetics such as mono-dihybrid linkages. The
researchers attributed the students’ difficulties to being invisible and inaccessible concepts
in genetics referred as “micro-level concepts in genetics” and recommended that cell
division topic which are visible and referred as “macro level” should be first taught to

students which may help students to understand other genetics concepts easily.

In another study, Sesli and Kara (2012) investigated Turkish high school students’
understanding of cell division and reproduction by using open-ended questions and semi-

structured interviews (n= 403). The researchers developed a two-tier multiple-choice
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diagnostic test for assessing students’ understanding and identifying misconceptions of
cell division and reproduction concepts. The questionnaire consisted of 14 items with
average item discrimination index of .46 and item difficulty index of .50. The findings
revealed that students lacked of conceptual understanding regarding reproduction and cell
division. In particular, students had difficulty in reproduction of sex cells, fertilization,
genetic variation and genetic information. Moreover, some misconceptions regarding
functions of meiosis and mitosis were revealed. In addition, some students tended to use
theological explanations to the transmission and appearance of characteristics. The
researchers attributed the existing students’ difficulties to abstract concepts and facts as
well as difficulty in making distinction between scientific and theological explanations.
The researchers emphasized the importance of identifying misconceptions for meaningful
learning and problem solving and recommend science teachers to use two-tier diagnostic
tests before beginning of a topic or after finishing a topic which may help teacher to
remedy the existing misconceptions.

While the aforementioned studies (Lewis & Wood-Robinson, 2000; Sesli & Kara, 2012;
Tekkaya et al. 2001; Topcu & Sahin-Pekmez, 2009) specifically focused on exploring
students difficulties, some studies focused on investigating the role of genetic knowledge
in genetics applications. In a such study Lewis and Leach (2006) explored British high
school students’ (14-16 years) science knowledge and engagement of discussions
regarding applications of gene technology such as transfer of genes between organisms of
same type and different type, genetic screening, patenting, potential benefits of gene
technology. The researchers used a two-phase study. In first phase, the researchers
investigated students’ ability to engage discussions by using small group discussions and
paired discussions of written questions. The findings of first-phase indicated that students’
attitudes and opinions were related to the issues identified, and these identified issues were
linked to the scientific knowledge. Students demonstrated a limited understanding in both
science and the contexts being discussed. And the results revealed that the ability to

identify key issues required basic science understanding in a specific context. In second-
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phase, the researchers developed two discussion tasks about prenatal screening for cystic
fibrosis and genetic engineering by using small group discussions. The results of second
phase was also confirmed the findings of first phase. The students who had knowledge in
basic genetics and in the scenarios presented were able to actively participate the
discussions in the classrooms. The researchers acknowledged the importance of teaching
basic genetics concepts to students as this enhanced students’ engagement in socio-
scientific issues by promoting their understanding. The researcher suggested that this basic
science knowledge regarding genetics can be taught to students throughout brief and well-

designed teaching interventions.

Fonseca, Costa, Lencastre and Traves (2012) explored Portuguese high school students’
understanding of biotechnology who enrolled in three different curricula as science
students attending biology (n= 225), non-biology students (n= 210) and non-science
students (n= 263). Findings indicated that only 36% of students correctly answered the
questions related to biotechnology implying a relatively low level of knowledge. While
students were more knowledgeable in medicine and vaccine production as well as disease
resistance enhancement of plants, only more than a quarter were knowledgeable in
genetically modified foods and genetically modified bacteria (31% and 35% respectively).
The students enrolled in biology classes were found to be more knowledgeable when
compared to non-biology and non-science students. The findings regarding their attitudes
towards biotechnology indicated that all three groups held favorable attitudes.
Particularly, biology students held more favorable attitudes when compared to non-
biology and non-science students. Overall, the researchers concluded that Portuguese high
school students’ knowledge regarding basic concepts in biotechnology was insufficient.
Considering students’ attitudes, the researchers indicated that students’ attitudes differed
with respect to aim and usefulness of biotechnological application. The researchers
emphasized the need of updating classic science curricula which consists of classical
genetics and hereditary concepts, with basic concepts of biotechnology as well as social

and environmental aspects that are introduced with biotechnology.
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Overall, the reviewed national and international studies showed that students had
difficulties regarding concepts in genetics. While Turkish high school students perceived
Mendelian genetics, meiosis and mitosis, and genes and chromosomes as difficult to learn
and explain the functions of cell, nucleus, chromosome, DNA (Tekkaya et al. 2002; Topcu
& Sahin-Pekmez, 2009), Sesli and Kara (2012) revealed similar difficulties in concepts of
reproduction of sex cells, fertilization, genetic variation and genetic information. In fact,
these findings were also consistent with Lewis and Wood-Robinson’ (2000) findings. The
researchers attributed these difficulties to the confusions about terminology used in genes,
uncertainty and lack of knowledge regarding genetics (Lewis & Wood-Robinson, 2000)
as well as mathematical expressions used in genetics such as mono-dihybrid linkages
(Topcu & Sahin-Pekmez, 2009). Other studies focusing on the role of genetic knowledge
in understanding of genetic applications such as genetic screening or genetic
modifications revealed that holding sufficient understanding of basic knowledge in
genetics enhanced the understanding of genetic applications. The researchers in general,
emphasized the role updated genetic curriculum and effective classroom applications for

enhancing students’ understanding of genetic concepts, as well as genetic applications.

Another line of study explored the relationship among students’ genetics knowledge, their
attitudes towards various issues and other factors such as gender or grade level. In an
earlier study investigating Australian 15-16 year old high school students’ attitudes
towards biotechnology issues such as genetic engineering, genetically modified foods,
cloning, in-vitro fertilization, DNA finger printing, and social and ethical issues after
completing a 10-week course combining genetics and biotechnology, Dawson and
Schibeci (2003) indicated that high school students held a wide range of beliefs about
biotechnology. More than half of the students (55%) were found to be against the use of
biotechnology applications with all living organisms. Only 14% accepted using
biotechnology applications with all living organisms. Overall, the students perceived
genetic modifications in microorganisms and plants as acceptable and useful compared to

genetic modifications in animals and humans. The researchers also compared the data

21



gathered from the students that had completed genetics and biotechnology course with a
baseline data (n= 116) that were collected from the students that had not taken genetics
and biotechnology course. Similar patterns in both groups’ attitudes towards
biotechnology issues regardless they had taken genetics and biotechnology course or not.
Based on this finding, the researchers concluded being more knowledgeable and well-
informed about biotechnology (by taking genetics and biotechnology) course may not

affect students’ attitudes towards biotechnology issues as it was hoped.

In later years, Dawson (2007) explored high school students’ understanding of
biotechnology, genetically modified foods and cloning as well as their attitudes towards
these issues. A total 465 students in year 8 (n= 175), year 10 (n= 175) and year 12 (n=
115) completed a written survey consisting of two parts as understanding and attitude. In
addition, semi-structured interviews with six students in year 8 and year 12 were
conducted for further exploration of about their understanding in specific issues such as
cloning of endangered species and humans or genetic testing for diseases. Results revealed
that students’ definition of biotechnology, cloning and genetically modified foods and
examples of each case were well constructed for year 12 students. Year eight students,
however, demonstrated poor understanding about understanding of biotechnology which
supported the idea of improvement in students’ understanding of biotechnology, cloning
and genetically modified foods as they get older. In general, students had better
understanding in cloning issues when compared to biotechnology and genetically
modified foods. Regarding attitudes towards biotechnology, their attitudes differed with
respect to context. For instance, while students approved the use of gene technology and
cloning in micro- organisms and plants, they opposed use of gene technology in human.
Similarly, most students approved the use of prenatal genetic testing for determining
genetic diseases. The study findings also demonstrated that students’ attitudes were less
favorable in year eight students when compared to year 12 students. Thus, the researchers

concluded that as the understanding and knowledge in biotechnology issues enhanced,
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students tended to have favorable attitudes towards biotechnology issues that suggests a
direct relationship.

In another study, Klop and Severiens (2007) investigated 574 Dutch secondary school
students’ (aged between 12-18) attitudes towards biotechnology and the factors that
influence their attitudes by administrating a survey developed by using previous surveys
about biotechnology. In addition, the researchers conducted six group discussions with 16
students to ensure construct validity of instrument and in-depth interviews with
researchers in genetic in order to clarify the objects of instrument. The instrument
consisted of 3 components as cognitive component (knowledge of biology, genetics and
biotechnology applications), affective components (beliefs, basic emotional reactions,
worries and unavoidable nature of biotechnology) and behavioral components (consuming
intentions, medical intentions). Cluster analysis revealed four distinct groups with respect
to content knowledge in biotechnology and attitudes towards biotechnology. Less than a
quarter (22%) of students who highest level of content knowledge also held favorable
attitudes towards biotechnology that was referred as “confident supporters of
biotechnology”. On the other hand, nearly half of the students were knowledgeable in
biotechnology and highly positive about biotechnology issues but they were intuitively
‘sceptic’ about biotechnology (42%) which was denoted as “not sure”. While third group
students as “concerned sceptic”’ were knowledgeable in biotechnology, they held
unfavorable attitudes and indicated their concerns about biotechnology (18%). The last
group was “not for me” group whose students were little knowledgeable and held
unfavorable attitudes towards biotechnology. The researchers indicated that attitude
towards biotechnology is “multi-component concept” including cognitive, affective and
behavioral components. Overall, the researchers concluded even the findings implied a
positive relationship between content knowledge and attitudes, the relationship may seem
to be complex depending on other aspect such as affective reactions, emotional reactions,

considerations and worries.
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In another line of study investigating the relationship between content knowledge and
attitude towards various issues in genetics, the factors such as gender that may influence
participants’ attitudes were also explored. In such study, studying with Slovenian high
school students (n= 469), Crne-Hladnik, Peklaj, Ko$melij, Hladnik, and Javornik (2009)
explored high school students’ attitudes towards specific biotechnology applications as Bt
corn, genetically modified salmon, somatic and germ-line gene therapy with respect to
usefulness, moral acceptability and risk perception. Findings indicated that while students
perceived biotechnological application in Bt corn more acceptable and less risky, they
found genetically modified salmon and gene therapy applications as unacceptable and
risky. In addition, gender difference with respect to some biotechnological applications
was demonstrated. While, no gender difference was revealed in students’ attitude towards
Bt corn and somatic gene therapy, female students held unfavorable attitudes with respect
to usefulness and acceptability towards germ line gene therapy when compared to male
counterparts. In a more recent study, with the same sample, Crne-Hladnik, Hladnik,
Javornik, KoSmelij and Peklaj (2012) explored the relationship among high school
students’ prior knowledge regarding genetics and their attitudes towards specific
biotechnology applications as Bt corn, genetically modified salmon, somatic and germ-
line gene therapy which consisted of dilemmas requiring reasons for acceptance, assessing
the risk factors associated with and considering the individuals to be affected by. In
general, findings indicated that being knowledgeable in biotechnology applications played
an important role in female students’ attitudes towards biotechnology applications
presented in the questionnaire. In addition, while female students who were
knowledgeable in biotechnology perceived higher risk about genetically modified salmon,
male students perceived higher risk in germ line gene therapy. Overall, the study indicated
being knowledgeable in biotechnology issues influenced female students’ attitudes
towards various biotechnology applications and gender differences were revealed with

respect to risk perceptions.
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To conclude, the studies exploring the relationship between high school students’ content
knowledge in genetics/biotechnology and attitudes towards various issues in
genetics/biotechnology revealed similar patterns. While Dawson (2007) stressed the
existence of a positive relationship between knowledge and attitude, Dawson and Schibeci
(2003) did not reveal any relationship between two constructs. Moreover, Klop and
Severiens’ (2007) study detected four distinct groups with respect to knowledge in
biotechnology and attitudes towards biotechnology. While existence of a clear positive
relationship between two knowledge and attitude can be noticed in “confident supporters”
and negative relationship in “not for me” group, the other group students demonstrated
sufficient understanding in biotechnology but held unfavorable attitudes towards
biotechnology due to their concerns and worries about biotechnology issues. In addition,
gender differences with respect to various issues in biotechnology were revealed. While,
no gender difference was revealed in some issues such as Bt corn and somatic gene
therapy, gender difference were found with respect some issues as germ-line gene therapy
(Crne-Hladnik et al. 2009, 2012). For instance, female high school students seemed to
perceive more risk and thus, held unfavorable attitudes towards germ-line gene therapy.
Indeed, Klop and Severiens (2007) indicated the relationship between knowledge and
attitude seemed to be complex structure including other aspects such as individuals’
affective reactions, emotional reactions, considerations and worries. In following part,

studies conducted with undergraduate students were reviewed.

While studies conducted with high school students’ content knowledge, attitude towards
various issues as well the factors influencing their attitudes revealed contradictory results,
some studies conducted with undergraduate students documented similar results. In
general, studies reported that undergraduate students’ knowledge level in genetics were
insufficient (Bowling, 2007; Bowling, Huether, Wang, et al. 2008; Sohan et al., 2002).
For instance, studying with American undergraduate non-biology majors (n= 287),
Bowling, Huether, Wang, et al. (2008) investigated undergraduate students’ genetics

literacy levels in an introductory biology course focusing on genetics. The Genetics
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Literacy Assessment Inventory was administrated to participating students as pre- and
post-test. The results showed that the participants were moderately knowledgeable in
genetics literacy implying they correctly answered most questions regarding Mendelian
patterns of inheritance and meiosis gene activity and genetic variation, the functions of
genes in protein synthesis but failed to correctly answer the questions regarding evolution
concepts like natural selection. Their difficulties in understanding current and future
applications of genetics and genetics technologies, as well as the ethics, laws and public

policies regarding genetics literacy, were also demonstrated.

Besides exploring undergraduate students’ content knowledge, another line of research
investigated the relationship among content knowledge and attitude towards various
issues in genetics, the factors such as gender that may influence participants’ attitudes
were also explored. In such study conducted in United States with more than 3046
undergraduate students, Sohan, Waliczek and Briers (2002) investigated undergraduate
students’ attitudes, content knowledge and perceptions toward biotechnology issues
specifically, genetic manipulation, recombinant DNA, genetically modified foods,
cloning issues as well as benefits and risk factors. The results revealed a low level of
awareness about biotechnology. The results indicated that participants had low level of
knowledge regarding biotechnology issues and tended to accept accepts specific
applications or products of biotechnology such as cloning, genetically modified foods or
genetic modification as plausible. Besides, students who were knowledgeable about
biotechnology also tended to have more favorable attitudes towards biotechnology. In
addition, results revealed gender and department differences among participants. While
undergraduate students majoring in medical, veterinary and engineering departments held
more favorable attitude towards biotechnology when compared to students in education
departments, the female undergraduate students were less likely to have positive attitudes
towards biotechnology applications when compared to male students.
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On the other hand, some studies revealed no relationship between students’ knowledge
and attitudes. In such study, studying with 415 undergraduate students, Acra (2006)
investigated undergraduate students’ genetics literacy levels and their attitudes towards
genetics issues by using a genetics literacy questionnaire including 14 true/false
knowledge questions, 8 multiple choice knowledge questions, 9 attitudinal questions, and
4 demographic questions. The researcher evaluated the effectiveness of different courses
(Genetics & Society, General Biology, Honors Biology and Psychology) focusing on
genetics by implementing a pre-course/post-course survey. The statistical analysis
revealed that only two courses (General Biology and Honors Biology) significantly
affected increasing participants’ content knowledge in genetics. In addition, very little
change in attitude scores was seen in any of the courses. The researcher concluded that
the increase in participants’ genetics knowledge might not affect their attitudes toward

genetics as the same way of knowledge.

In Turkish context; Usak and his colleagues (2009) examined Turkish undergraduate (n=
276) and high school (n= 352) students’ knowledge and attitudes towards biotechnology
as well as the relationship between attitudes and knowledge. While significant relationship
between knowledge and attitudes towards biotechnology issues were found, no significant
difference between high school and undergraduate students’ content knowledge was
revealed. In addition, while participants held favorable attitudes towards agricultural
biotechnology, their attitudes towards the use of genetically modified foods were less
favorable implying that participants’ attitudes towards different biotechnological
applications were differed based on their perceptions. Multivariate analysis also revealed
gender difference in favor of male in both undergraduate and high school students.
Overall, the researchers concluded that both high school and university students lacked of

sufficient knowledge regarding biotechnology.

Overall, the reviewed studies indicated that undergraduate students lacked of content
knowledge regarding genetic/biotechnology issues (Bowling, 2007; Bowling et al. 2008;
Sohan et al., 2002). In addition, while some studies indicated positive relationship between
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participants’ knowledge and attitudes towards various issues in genetics (e.g., Usak et al.
2009; Sohan et al. 2002), some studies revealed no relationship between two constructs
(Acra, 2006). With respect to participants’ attitudes, differences based on the issues being
investigated were observed. For instance, participants tended to have favorable attitudes
towards genetically modified foods in contrast to holding unfavorable attitudes towards
genetically modified foods. Besides, female students seemed to hold unfavorable attitudes

towards various issues related to genetics and biotechnology.

In following section, research focusing on pre-service and in-service science teachers’

understanding of genetics and attitudes towards issues in genetics literacy was reviewed.

2.1.1.2. Pre-service and in-service teachers understanding of genetics and attitudes

towards issues in genetics literacy

Under this heading, empirical studies related to pre-service and in-service teachers’
understanding of genetics, attitudes towards issues in genetics literacy as well as the
factors that may influence their knowledge and attitudes were reviewed. The empirical
studies which were chosen for review adopted a wide range of issues by using guantitate
methods and qualitative methods. One of the first attempts for exploring university
students’ understanding of genetics was to investigate their difficulties in genetics. In such
study, Bahar, Johnstone and Hansell (1999) investigated Scottish freshmen university
students’ difficulties in learning biology. In first step, students (n= 207) were surveyed
about their perceptions regarding the difficult topics in biology. In second step of study,
interviews were conducted with selected students from sample. The results revealed that
university students mainly pointed out genetics were difficult to learn. Close examination
revealed that students’ difficulties reasoned from language used in genetics (they
perceived the language as complex and consists of many unfamiliar terms), the
mathematical expressions used in genetics, distinguishing meiosis from mitosis and
insufficient time for understanding and teaching genetics. The researcher attributed

students’ difficulties to the complex nature of different thoughts. The students’ difficulties
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rooted from interactions between macro, sub-micro and symbolic level of thought. For
instance, while morphological characteristics of a flower includes macro level that can be
understood by using senses, these characteristics lead to genes and alleles which are sub-
micro level. Thus, the researchers emphasized the importance of teachers’ focusing on the
interactions between macro, sub-micro and symbolic level that enhance understanding in

genetics.

In a more recent study, Chabalengula, Mumba and Chitiyo (2011a, 2011b) conducted a
series of studies for exploring pre-service teachers’ understanding of biotechnology issues
and attitudes towards biotechnology. In first research, the researchers investigated
American elementary education pre-service teachers’ understanding of biotechnology,
genetic engineering, cloning and genetically modified foods as well as exploring the
relationships between background characteristics. Results revealed that a great majority
of PSTs that enrolled in introductory science courses (77%) and science courses (93%)
failed to define the biotechnology concepts as well as genetic engineering and genetically
modified foods correctly. Moreover, they failed to give examples to biotechnology issues.
The researchers attributed PSTs’ insufficient knowledge in definitions and examples of
biotechnology, genetic engineering and genetically modified foods to the lack of formal
education related to biotechnology issues in university and highlighted the importance of
PSTs being graduated having sufficient knowledge regarding biotechnology issues from
teacher education institutions. The researchers also recommended that biotechnology
issues should be included in elementary education content and method courses in order to
equip elementary teachers with sufficient skills and understanding in biotechnology

issues.

In the second research, Chabalengula et al. (2011) explored PSTs’ attitudes towards
biotechnology, specifically, use of microorganisms such as genetic modification of
plants/foods, genetic modifications of animals and genetic modifications of human genes

(n= 88). The results revealed that elementary education PSTs attitudes towards
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biotechnology issues were differed. While, more than half approved use of
microorganisms for specific processes such as for producing beer or breakdown human
sewerage (62%) the approval rate was dropped when genetic modification of animals was
considered (20%). A large proportion also remained undecided with respect to
modification of human genes (38%). With respect to the science education courses
enrolled, the students who enrolled introductory and advanced science method courses
had more approval rates. They emphasized that PSTs should develop sufficient
understanding of biotechnology as well as hold favorable attitudes towards biotechnology
issues as their role in introducing biotechnology issues to their students considered. Thus,
they suggested that university teacher education programs should equip PSTs with
sufficient understanding in biotechnology issues by developing appropriate materials for

science curriculum.

Pre-service teachers’ knowledge and attitudes towards various biotechnological issues
were also explored by Turkish researchers (e.g., Cebesoy & Tekkaya, 2012; Ozden, Usak,
Prokop, Turkoglu & Bahar, 2008; Usak, Erdogan, Prokop & Ozel, 2009; Turkmen &
Darcin, 2007). Studying with 336 Turkish pre-service science and primary school
teachers, Turkmen and Darcin (2007) investigated knowledge levels of pre-service
teachers about various biotechnological issues (i.e., biotechnology, agro-biotechnology,
human health and pharmacy issues, environment and biotechnology, and food production
with biotechnology). The researchers found that even pre-service teacher had adequate
knowledge in describing biotechnology and human health/pharmacy issues, their
knowledge levels in other dimensions were found to be insufficient. Pre-service science
teachers were found to be more knowledgeable regarding biotechnology issues when
compared to primary school teachers implying a relationship between knowledge and
attitude. In addition, the results did not reveal any gender difference among PSTs. The
researchers inferred that Turkish PSTs’ knowledge levels regarding biotechnology were

insufficient and needed to be addressed in undergraduate education.
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In a similar manner, Ozden and his colleagues (2008) investigated Turkish pre-service
teachers’ knowledge and attitudes towards use of the chemical hormone in humans, plants
and ecological agriculture (n= 371). The researchers reported that pre-service teachers in
their sample had inadequate knowledge about biotechnological issues. Besides, any
difference with respect to gender or age was revealed in the study. In addition, candidate
teachers’ attitudes toward the applications of chemical hormones were reported to be less
favorable. While candidate teachers held more favorable attitudes towards the usage of
chemical hormones in plants and ecological agriculture, they were unwilling to use them

in human.

Cebesoy and Tekkaya (2012) investigated Turkish senior pre-service science teachers’
genetics literacy levels and their attitudes towards genetics by using Genetics Literacy
Assessment Inventory (GLAI) and Genetics Attitude Scale (n= 183). Results revealed that
Turkish PSTs had correctly responded less than half of the questions found in the GLAL.
While they were found to be moderately knowledgeable in concepts related to DNA,
chromosome, gene and their interactions, genetic variation, gene activity, Mendelian
patterns of inheritance, meiosis and mitosis, they, on the hand, demonstrated limited
understanding in understanding the relationships between genetic variation and disease,
genetic variation and natural selection as well as gene regulation. With respect to their
attitudes towards genetics applications, even they held quite favorable attitudes towards
genetic applications, they remained uncommitted in some items. For instance, while
slightly more than half of the participants believed in the importance of media in genetics
research (54%), nearly a quarter remained undecided with respect to the role of media in
genetics research. With respect to relationship between PSTs’ genetics literacy levels and
their attitudes towards genetics, no significant relationship was revealed. The researchers
emphasized the role of teacher education institutions in terms of training genetically
literate science teachers and recommended further to investigate teachers' as well as PSTs'

genetics literacy levels by considering limitations of the study.
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While aforementioned studies explored university students’ difficulties in genetics as well
as PSTs’ understanding of genetics related issues and attitudes, some other studies
explored teachers’ understanding of genetics related issues and attitudes as well as the
relationship between their understanding and their attitudes towards various issues in
genetics literacy with respect to the some other factors such as gender or teaching
experience. In such study, Boone, Gartin, Boone and Huges (2006) investigated
agriculture teachers’ knowledge levels and attitudes about biotechnology issues (animal
reproduction, hybridization, environmental biotechnology and human genetics) as well as
the relationship among the factors as teaching experience and having a master degree,
their attitudes and knowledge (n= 62). Results indicated that while teachers perceived
sufficiently knowledgeable in animal reproduction and hybridization issues, they reported
lacked of knowledge in environmental biotechnology and human genetics. Teachers in
their sample were found to ta have favorable attitudes towards biotechnology. For
instance, vast majority of teachers expressed the importance of teaching biotechnology
issues to their students as well as developing effective teaching materials. With respect to
teaching experience and having a master degree, no significant relationships were
detected.

In another study, Sorgo and Ambrozi¢-Dolinsek (2009) investigated the relationships
among primary and secondary school Slovene teachers’ knowledge levels in genetics and
biotechnology, attitudes towards genetically modified organisms (GMO) and
acceptability of using genetic modifications in microorganisms, plants and animals.
Authors found that although teachers have high level of knowledge in classical genetics,
they possessed poor levels of knowledge in modern issues such as stem cells, genetically
modified organisms or cloning. It was also reported significant, but weak correlations
between knowledge and acceptance which indicates their decisions about accepting
genetic modification over variety of organisms is rarely related with scientific facts. Same
researchers’ replicated study with pre-service teachers also revealed similar correlation

patterns between knowledge-attitude and knowledge-acceptance of GMO. While
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remained undecided about usage of genetically modified organisms in research studies or
in medicine, prospective teachers inclined to accept usage of genetic modifications on

plants and microorganisms (Sorgo & Ambrozié-Dolinek, 2010).

To sum up, empirical studies conducted with both pre-service and in-service teachers
revealed lack of content knowledge in various issues covered in genetics and
biotechnology. In addition, significant but weak relationships between content knowledge
and attitudes towards various issues detected. Both pre-service and in-service teachers’
attitudes towards various issues differed. While both groups held favorable attitudes
towards some genetics applications such as genetic modifications in plants and
microorganisms or using chemicals in plants and agricultural products, they were showed
unwillingness use of aforementioned issues in humans. Besides, the relationship among
various factors such as gender, teaching experience or holding a master degree, knowledge
and attitude were explored, and no correlation was found. Only reported difference was
major factor. Turkish pre-service science teachers were reported to be more
knowledgeable when compared to primary school teachers (Darcin & Turkmen, 2007).
This result was an expected result as pre-service science teachers had courses such as
general biology, genetics, and biotechnology when compared to primary school teachers.
Another point is that studies exploring relationships between knowledge and attitude in
various genetics/biotechnology issues within Turkish context were mainly conducted with

pre-service teachers.

2.1.1.3. Public understanding of genetics and attitudes towards issues in genetics

literacy

Study findings conducted with public in different countries reported conflicting results
with respect to relationship between genetics consent knowledge and attitudes towards
various issues. While some studies reported positive correlation between genetics content
knowledge and attitudes towards various issues (e.g, Sturgis et al., 2005), other studies

revealed no correlation between content knowledge and attitude (e.g., Ishiyama, Tanzawa,
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Watanebe, Maeda, et al. 2012). Regarding existence of a relationship between content
knowledge and attitudes, Sturgis, Cooper and Fife-Schaw (2005) investigated British
public opinion on particular applications of genetics technologies as gene therapy, use of
genetic data as well as more general attitudes towards genetic research by using 2000
British Social Attitude Survey and 1999 Wellcome Consultative Panel on gene therapy.
A total of 976 individuals participated in the study. The results revealed that genetics
content knowledge influenced participants’ attitudes towards genetic applications.
Informed individuals developed more favorable attitudes towards genetics applications.
This result, however, was not consistent in all attitude dimensions being explained. For
instance, while informed individuals tended to favor genetics applications for treatment

of disease, they showed negative appraisal for the use of genetic information.

In addition, while examining the relationship between genetics content knowledge and
attitudes towards various issues, researchers also investigated some factors that might
influence individuals’ attitudes such as gender or educational level (Ishiyama, Nagai,
Muto, Tamakoshi et al. 2008; Ishiyama, Tanzawa, Watanebe, Maeda, et al. 2012;
Rundgren, 2011; Qin & Brown, 2007; 2008). For instance, Ishiyama and his colleagues
(2008) aimed to examine the relationship between Japanese public attitudes towards
genomic studies related to health and “genomic literacy”. The researchers collected the
data collected from 4000 individuals in Japan. The findings revealed that individuals who
were genetically literate tended to favor genetic research related to health issues. The
determined relationship between genetic knowledge and attitude was stronger in male
participants when compared to females. Results also indicated that a great majority of
participants (70%) approved the genetic research related to health issues. In another study,
conducted with the same participants, researchers investigated the relationship among
genetics content knowledge, attitudes towards health related genetics issues and gender.
They, however, revealed no relationship among gender, genetics content knowledge and
attitudes towards promotion of genetics research related conducted in crops (Ishiyama et

al. 2012). Based on both study findings, it can be inferred that relationship between
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genetics knowledge and the participants’ attitudes towards various issues in genetics can

differ with respect to issue being investigated.

In addition to the effect of gender, other studies investigated the role of background
characteristics such as education level, marital status and monthly income. In such study,
studying with 501 American individuals, Qin and Brown (2008) explored participants’
attitudes towards genetic engineering and genetically modified food specifically
genetically modified salmon and the relationship among attitudes and the demographic
characteristics such as gender, education level, marital status and monthly income. The
findings only revealed gender difference with respect to attitude. Female participants held
less favorable attitudes towards genetically modified salmon when compared to male
counterparts. This finding is also consistent with Ishiyama et al.’s (2008) study which
reported male participants had favorable attitudes towards genetics research in health
context. The researchers explained the gender difference as females having concerns about
health risks and the ethics/morality of this application. While female participants
perceived genetically modified salmon as a potential risk to health, they also indicated
that the application was morally unacceptable because of risk factors for environment and
society.

To sum up empirical research conducted with public indicated conflicting results. While
some studies indicated existence of a positive relationship between participants’ genetics
knowledge and their attitudes towards issues in genetics (e.g., Sturgis et al., 2005,
Ishiyama et al., 2008), some studies revealed no correlation between two constructs (e.g.,
Ishiyama et al., 2012). In addition, research findings supported the idea that participants’
attitudes towards various issues in genetics differ based on the issues being investigated.
With respect to background characteristics, only gender seemed to influence participants’
attitudes towards issues in genetics literacy (Ishiyama et al., 2012; Rundgren, 2011; Qin
& Brown, 2007; 2008). Overall, the studies conducted with individuals in public implied
inadequate understanding in genetics that also caused developing unfavorable attitudes

towards issues in genetics literacy. As individuals actively participate in decision making
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processes in daily life debates (Halverson, Freyermuth, Siegel & Clark, 2010; Mclnerney,
2002; Miller, 1998; Sturgis et al. 2005; Tsui & Treagust, 2010), it is important to raise
students with sufficient level of understanding in genetics and having favourable attitudes

towards issues in genetics literacy.

Following section devoted to the studies from literature related to students’, pre-service

and in-service science teachers’ decision making processes.

2.1.2. Studies focusing on decision making processes

Making informed decisions are assumed to be an important characteristic of both
scientifically and genetically literate individuals (Bingle & Gaskell, 1994; Bowling et al.
2008; Eggert & Bogeholz, 2010; Jennings, 2004; Kolsts, Bungum, Arnesen, Isnes et al.
2006; Lee, 2007; Lewis & Leach, 2006; Miller, 2004; Norris & Philips, 2003; Tytler,
Symington, & Smith, 2011). Under this heading empirical studies related to students,
university students’ (college and pre-service teachers) and in-service teachers’ decision
making and the factors that influence decision making processes in a variety of countries
were presented. The empirical studies reviewed throughout current section include a wide
variety of controversial issues including biotechnology and SSls which requires making
informed decisions such as biological conservation (Grace & Ratcliffe, 2002), gene
therapy cloning, genetic engineering. and genetically modified foods in the context of
socio-scientific issues and biotechnology (Chang & Chiu, 2008; Dawson, 2011; Khishfe,
2012; Lazarowitz & Bloch, 2005; Sadler & Zeidler, 2004, 2005a; Steele & Aubusson,
2004), pre-implementation genetic testing (Boerwinkel, Knippels & Waarlo, 2011; Ozer-
Keskin, 2013), construction of power plants (Kolsta, 2006), use of nuclear power
generation, climate change, and embryonic stem cell research (Lee & Witz, 2009; Lee,
Chang, Choi, Kim & Zeidler, 2012; Concannon et al. 2010; Halverson et al. 2009;
Halverson, Fyermuth, Siegel & Clark 2010), and pollution, global warming and
endangered species (Lee & Witz, 2009). Besides, focusing on various issues, various

contexts and instructional methods were adopted in reviewed studies. Due to fact that
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decision making in controversial issues also requires informal reasoning, studies related
to informal reasoning and moral reasoning in the context of socio-scientific issues were
reviewed (Dawson, 2011; Sadler & Zeidler, 2004, 2005a). In addition, studies dealing
with decision making adopted a variety of instructional method such as argumentation
(Dawson & Venville, 2009), classroom discourse (Lee, 2007), nature of science (Khishfe,
2012) and cooperative learning (Eggert, Ostermeyer, Hasselhorn & Bdgeholz, 2013).

First, studies focusing on high school students’ decision making processes were presented.

2.1.2.1. Studies focusing on high school students’ decision making processes

In this part, selected studies focusing on high school students’ decision making processes
were reviewed throughout a historical order. One strand of study focused on students’
reasoning pattern used in their decisions and the factors that influence their reasoning and
their decision. In such study, Grace and Ratcliffe (2002) investigated 15-16 year
secondary school students’ decision making and discussions on two biological
conservation issues (elephants and puffins as endangered species) as well as science
teachers’ opinions about how students make decisions in conservation issues (n= 34).
While teachers generally expected their students to use ecology concepts, genetics
concepts as well as other concepts such as evolution or adaptation which require basic
understanding of genetics concepts, students tended to use ecology concepts such as food
web, food chain, habitat and population while making decisions. Regarding the values that
were adopted in decision making process, value considerations including intrinsic values
(values for life) as well as utilitarian values (i.e. values of some benefit to humans) were
both used by students which were also acknowledged and stressed by teachers in teacher
interviews. Students general tended to consider animals’ right to live (intrinsic values)
while making decisions. The researchers concluded that students’ decisions were both
influenced by scientific concepts and values which should be taken into consideration

when dealing with ethical issues in science classes.
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In another study, Kolste (2006) investigated Norwegian students’ informal reasoning on
atask as local construction of new power lines and the possible increased risk of childhood
leukemia which required considering possible positive and negative consequences effects
on individuals. A total of 22 students were interviewed, and data analyzed by using
qualitative methods. Findings revealed that all the students used different risk perceptions
while dealing with scientific issues involving ethical aspects. For instance, while nine
students perceived potential risk of construction of a new power line as a minor, two
students perceived risk factors as negligible. Five of the students compared the pros and
cons when dealing with risk factors. Only two of the students were unable to make a
decision as they were unable to deal with the risk factors presented in scenario. Students
were also concerned about psychological reactions of affected individuals due to
uncertainty and anxiety, opinions of independent researchers and getting consensus within
scientific community. Overall, Kolste concluded that students’ values are much more
influential on their decisions when compare to their knowledge and thus, the
aforementioned concerns of students should also be included while dealing with

developing students’ decision making.

In a similar manner, investigating high school students’ informal reasoning and
argumentation about biotechnology, Dawson and Venville (2009) conducted semi-
structured interviews with year 8 students (n= 10), year 10 students (n= 14) and year 12
students (n= 6) in Australia. Students’ informal reasoning patterns were examined under
rationalistic, emotive and intuitive reasoning patterns. Results revealed that regardless
grade level, students generally used intuitive reasoning which consists of participants’
immediate reactions and responses to the cases (33% of total statements) and followed by
emotive reasoning which consist of statements such as empathy, sympathy or care
concerns (28.5% of total statements). On the other hand, only 18% of total statements
included rationalistic reasoning patterns that consists of logical and scientific

understanding, as well as weighting advantages and disadvantages of biotechnology. As
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the researcher studied with young students, use of multiple reasoning patterns was found
to be less frequent.

In contrast to reasoning patterns detected in Dawson and Venville’s (2009) study,
Slovenian high school students, in general, tended to use rationalistic reasoning in their
decisions. While investigating the relationship among Slovenian high school students’
prior knowledge regarding genetics and their attitudes towards specific biotechnology
applications as Bt corn, genetically modified salmon, somatic and germ-line gene therapy,
Crne-Hladnik, Hladnik, Javornik, Kosmelij and Peklaj (2012) further explored students’
moral reasoning patterns. Regarding students’ decision making and reasoning patterns,
majority of students adopted rationalistic reasoning in their decisions. They indicated
some concerns as inferring with nature, benefits, unknown consequences, possible abuse
of applications, progress of science. They also expressed some concerns regarding adverse
effect on animal heath that was categorized under emotive reasoning pattern.

On the other hand, investigating investigated 80 Swedish upper secondary school (aged
18-19) students’ informal reasoning patterns with respect to different SSIs as global
warming, genetically modified organisms, nuclear power and consumption issues,
Christenson, Chang-Rundgren and Hoglund (2012) used another model consisting of six
areas as environment, economy, science, ethics/morality and policy with respect to value,
personal experience and knowledge. They proposed that students’ decisions are
influenced by the interplay between these factors. The researchers analyzed students’
reasons by using the proposed model. Data were collected from students’ written
expressions about their reasoning about one of the different SSlis as global warming,
genetically modified organisms, nuclear power and consumption issues. Among issues,
global warming and consumption (the effect of consumption on environment both local
and global level) were the most preferred ones (33% and 31% respectively). Results
revealed that students in the study used different reasoning patterns considering different
issues. Regardless the issues, majority of students used value aspect while supporting their

reasons (67%). Only a quarter, on the other hand, used scientific knowledge to support
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their reasons. Researchers concluded that, selection of SSls in science teaching is crucial
part of curriculum if teachers aim to engage their students to take active part in informal
argumentation. For example, while environmental courses are more appropriate for
covering issues like global warming or nuclear power plants, science courses may be more
appropriate for including issues such as genetically modified foods. In addition, some
alternative conceptions that students had were identified implying that students did not
have a deep understanding about SSIs being discussed. Lastly, researchers indicated that
the students in their study did not used all the perspectives. Thus it was not possible to
adopt a holistic approach in analyzing students’ argumentation patterns, as well as
argumentation skills. They suggested that teachers studying with different subject areas
on SSlIs may be helpful in engaging students to actively participate in this issues as well

as developing multidisciplinary viewpoints.

In parallel with Christenson and her colleagues study (2012); Lee (2012) proposed another
framework that explained how decisions are framed. In his study, Lee explored how
various factors interact while making decision regarding SSls in health context. He used
a collective case study method and examined the case studies that are related with health.
He addressed that while making decisions, many factors such as psychological state of
individuals, science and sociocultural values interact each other which deeply effect
participants’ decisions. He proposed a tentative framework that demonstrated how various
factors interact while making decisions. According to this framework, while scientific
knowledge from everyday life and sociocultural background that individuals are raised in
serve as background in making decisions. As individuals are dealt with a specific case,
individuals also face with the uncertainties, risk factors, locality of issues, the stakeholder
that are involved in societal values and cultural aspects. So the researcher concluded that
aside from rationalistic, emotive and intuitive reasoning while making decisions, it is also
necessary to address societal values, cultural values, politic and economic aspects in
decision making framework. Thus, decision making framework should be considered

within a wider perspective including multiple frameworks.
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In another study conducted with 1142 high school students in Turkey, Ozer-Keskin (2013)
investigated students’ ethical decision making process in hypothetical cases as genetic
screening, prenatal genetic testing, abortion, reproductive technologies and euthanasia by
using an inventory constructed by multiple-choice items. Results, in general, indicated
that students opposed the applications presented in the cases. For instance, a great majority
of students opposed abortion (79%) and indicated that “we should not deny the right to
life of other organisms even it is disabled”. Likewise, 86.5% of participants were against
the use of prenatal testing for the purpose of sex determination and stressed the importance
of having a healthy child is more important than determining its gender. Similar patterns
were observed in genetic screening and Euthanasia scenarios. With respect to different
scenarios, students made different ethical decisions. For example, students expressed the
importance of individuals’ choices and right as well as the role of religious values in
prenatal genetic testing, abortion and euthanasia scenarios. Overall, the research findings
indicated that students’ ethical decisions are influenced by their perceptions about
personal choices, individual rights and values as well as the theological worldviews that

they are holding.

Another study investigating secondary school students’ decision makings and the factors
that affect their decision in the context of pre-symptomatic genetic testing, Boerwinkel,
Knippels and Waarlo (2011) used four real life cases focusing on genetic testing in elite
sport. Participated students (n= 120) reported their decisions on student worksheet after
each case. Results revealed that students changed their decisions about conducting a
genetic test after each case. At the end of lesson, a great majority (71%) changed their
decisions. While 7% of students indicated multiple factors associated with genetic testing
at the beginning of course, 75% of students indicated multiple factors at the end of course.
At the end of course, students recognized the advantages and disadvantages of genetic
testing for different stakeholders (for instance, advantages and disadvantages for both
athlete and sport organization), the uncertainty of genetics testing as well as the conflicting

values that genetics testing has entailed. Overall, students realized that controversial issues

41



like genetic testing required consideration of different perspectives while making

decisions.

Another line of research investigated the how various methods influence development of
students’ decision making. For instance, Khishfe (2012) investigated the relationship
between nature of science (NOS) teaching and students’ decision making skills in
controversial socioscientific issues as cloning and genetically modified foods. 9" grade
students in 4 intact groups taught by the same teacher (the two groups referred as
experimental, and the other two groups referred as control group) participated in the study.
A 4-week unit focusing on genetic engineering was designed consisting of how to apply
NOS aspects when formulating arguments and making decisions when encountered with
a controversial issues. Views of Nature of Science Questionnaire and open-ended scenario
on decision making were used for data collection. The results indicated that treatment
group students developed better understanding of NOS aspects when compared to control
group. No statistical difference was revealed between control and treatment groups’ pre-
and post-decisions but students in treatment group used more factors as health,
moral/ethical, religious, and economic factors when making decisions and explaining the
rationale of their decisions. Based on the findings, the researcher concluded that the

instruction focusing on NOS aspects is useful for facilitating students’ decision making
skills.

In a similar manner, studying with 360 senior high school students, Eggert, Ostermeyer,
Hasselhorn and Bogeholz (2013) investigated how students’ socio-scientific decision
making strategies including description of SSI and developing and evaluating solutions to
SSI could be developed. The researcher developed two training programs as a cooperative
learning setting and a cooperative learning setting assisted with metacognitive guidance.
Both programs used methods as jigsaw and fishbow! as well as think-pair-share processes.
In addition in metacognitive assisted group, metacognitive guidance to students was
provided. The training focused on controversial issues as the issue of palm oil production

in Indonesia and two measures as metacognition, and socio-scientific decision making
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were used as pre-and post-test. The findings indicated that both training programs
facilitated the process of students’ decision making when compared to control group. Even
students get higher scores in cooperative learning setting than the cooperative learning
embedded in metacognitive setting; no significance difference between two experimental
groups was revealed. It was concluded cooperative learning setting as well as
metacognitive guidance may help students’ to enhance decision making skills regarding

controversial issues.

Aside from the studies that investigated informal reasoning and moral reasoning while
making decisions and during development of instructional methods for exploring and
enhancing students’ decision making, some researchers attempted to develop instruments
for assessing decision making competence. For instance, Eggert and Bogeholz (2010)
developed a test instrument in order to measure students’ decision making skills with
respect to sustainable development issues. In first phase of study, an open ended
questionnaire focusing on sustainable development issues considering national standards
and state curricula developed. Then, a group of experienced science teachers in decision
making competence (n= 10) examined the developed questionnaire in terms of the quality
of decision making competence. The reviewed questionnaire was pre-piloted with junior
high school students (n= 25) and university undergraduates (n= 20). The finalized form
consisting two decision making tasks as overfishing of codfish in the Baltic Sea and
neophyte invasion that causes landslides along river banks was piloted with 291 students
and was reported as valid and reliable instrument for measuring students’ use of decision
making strategies. The main study was conducted with 370 secondary school students
from Grades 6 (n=105), grade 8 (n= 100), grade 10 (n=82), and grade 12 (n=83) and 78
second-year biology university undergraduates and the data was analyzed by using Rash
partial credit model. Results identified that years of education has a strong effect on
decision making competence as decision making competence increased with respect to

years of education. Based on this finding, the researchers concluded that the first two years
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in secondary school have critical importance in developing students’ decision making

competence.

The literature reviewed above provided empirical evidence that students’ decision making
processes are influenced by the interaction of multiple factors. The researchers explored
these factors within various issues in the context of genetics, biotechnology and
socioscientific issues. The reviewed studies unveiled various factors such as political,
cultural and social factors (Lee, 2007); risk factors (Kolsta, 2006; Lee, 2012);
sociocultural and psychological factors and uncertainty (Boerwinkel et al. 2011; Lee,
2012; Kolste, 2006); rationalistic, emotive and intuitive factors (Crne-Halanick et al.
2012; Dawson & Venville, 2009); religious factors (Khishfe, 2012; Ozer-Keskin, 2013);
value factors (Boerwinkel et al. 2011; Christenson et al. 2012; Grace & Ratcliffe, 2002;
Kolste, 2006; Lee, 2012), personal choice (Ozer-Keskin, 2013) and economic factors
(Lee, 2012; Khishfe, 2012). Thus, it can be concluded that students’ decisions are
influenced by the interaction of multiple factors. In addition, some studies explored how
various methods enhance development of students’ decision making (Dawson & Venville,
2009; Khishfe, 2012; Eggert et al; 2013) and NOS, cooperative learning as well as
argumentation and discourse were reported to enhance students’ reasoning which in turn
influence their decision making process. Lastly, Eggert and Bogeholz (2010) developed
an instrument for assessing students’ decision making competence and revealed students’
decision making competence increased with respect to level of education implying that as
the students get older, they develop more comprehensive decision making skills which

was also supported by a previous study conducted by Dawson and Venville (2009).

In following part, studies focusing on undergraduate students’ decision making process

were presented.

2.1.2.2. Studies focusing on undergraduate students’ decision making processes

In this part, selected studies in biotechnology and socioscientific issues contexts focusing

on undergraduate students’ decision making processes by using different frameworks
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were reviewed throughout a historical order. In such study, exploring college students’
informal reasoning patterns (n= 30), Sadler and Zeidler (2005a) conducted two semi-
structured interviews in genetic engineering scenarios as gene therapy on Huntington
Disease, on near sightedness and on intelligence, cloning, reproductive cloning, deceased
child cloning and therapeutic cloning. The researchers tried to explain participants’ socio-
scientific informal reasoning by using a socio-scientific informal reasoning framework by
considering multiple perspectives as personal experiences, emotive factors, social
consideration, moral and ethical considerations. Results indicated that all the participants
used rationalistic reasoning in their decisions and considered a wide range of issues in
their decisions such as patient rights, parental responsibilities, availability of treatment
options, side effects and the accessibility of treatments. Some of the students used emotive
informal reasoning and had concerns how individuals would be affected, thus indicated
feelings such as sympathy or empathy to fictious characters in the scenarios. Some of the
participants used their “intuitions” while making decisions. They made decisions but they
did not clearly explain the main reason for their decision. Besides, distinct patterns of
informal reasoning, students also frequently used multiple reasoning patterns in their
decisions. For instance, while they considered the individuals’ situations in the scenarios
by showing empathy towards characters in the scenarios, they also considered the
availability of treatment options in their decisions. Another significant finding revealed
was that participants’ reasoning patterns differed with respect to scenarios. The
researchers concluded that decision making is a complex process that are not only
influenced by informal reasoning patterns, but also morality, personal experiences, social
considerations as well as emotive factors influence decision making of individuals.
Studying with 20 college students, the same researchers (2004) also explored the role of
morality on college students’ decision making in the same genetic engineering issues.
Results revealed that students mainly used consequalistic moral reasoning and principle
based moral reasoning patterns indicating that students made decision by considering
either the consequences of issues presented in the scenarios or principles such as taking

human life or using embryos as a tool. Besides, participants used moral intuitions and
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emotions while considering these issues. Researchers also indicated that students’
decisions were influenced by other factors such as religion, personal experience,
additional information and pop culture besides moral reasoning. They proposed that

decision making process should be dealt with considering multiple perspectives.

In another study conducted by Sadler and Zeidler (2005b), the role of content knowledge
in influencing college students’ informal reasoning regarding controversial genetic
engineering scenarios focusing on gene therapy and cloning were investigated. Two
groups of students (n= 15 for each group) representing high and low knowledge levels in
genetics who were selected among 258 college students that completed a questionnaire
assessing genetics knowledge were interviewed by using genetic engineering scenarios.
Findings indicated that participants in high knowledge group expressed clear positions,
rationales, counter-positions and rebuttals by using their extensive knowledge in genetics.
On the other hand, no patterns in informal reasoning (rationalistic, emotive, and intuitive)
were revealed about between two groups. Even the participants’ knowledge levels in
genetics differed, any observable differences in their informal reasoning while making

discussion and during decision making about controversial issues were detected.

While Sadler and Zeidler (2004; 2005a, 2005b) used rationalistic, emotive and intuitive
informal reasoning pattern for explaining undergraduate students’ decision making in the
context of socioscientific issues processes focusing on genetic engineering issues and
cloning issues, Chang and Chiu (2008) used another framework to explore Taiwanese
undergraduate students’ decision making in a different context. The researchers
investigated science majors’ (n= 40) and non-science majors’ (n= 30) informal
argumentation skills with respect to four scenarios with respect to genetically modified
food, organic food, DDT and malaria and dispute about dioxins. Based on students’
written reports about each scenario, researchers determined five sources to support their
reasons as general beliefs, scientific belief (participants’ beliefs about the value of
scientific research, uncertainty and temporary nature of science) authority (reasons from

textbooks, expert opinions, teachers’ instructions, parents’ thoughts), personal experience
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and analogy (using examples of knowledge regarding other field while making a
decision). Participants in both groups frequently used their personal experiences and
scientific beliefs while supporting their reasons. In addition, while science majors use
analogies such as giving examples development of medical products and their clinical
trials, non-science majors used authority such as approval of governments for supporting
their reasons. Based on the findings, researchers concluded that individuals’ background
knowledge such as majoring in science or non-science braches such as psychology

influence their reasons and the way how they supported their reasons.

In stem cell research context, Halverson, Siegel, and Freyermuth (2009) examined 132
college students’ papers in a biotechnology course in order to investigate students’
decision making strategies about stem cell research including embryonic and adult stem
cells, in-vitro fertilization, and therapeutic and reproductive cloning. They reported that
college students’ decisions were rooted from eight different perspectives as medical
application, ethical, rights, economic, religious, personal anecdotes, political, and
scientific. Even, the most common perspective among students was found as medical
applications, most of students used multiple viewpoints while making decisions. The
researchers also concluded that the influencing perspectives were unequally valued, and

students’ decisions, in general, relied on ethical perspectives.

In another study, studying with 96 undergraduate students; Concannon, Siegel, Halverson
and Freyermuth (2010) investigated undergraduate students’ understanding related to
stem cell, stem cell research and cloning. The researchers developed a course including
interactive lectures, case discussions, hands-on activities, and independent projects in
order to develop students’ scientific understanding as well as enhance their reasoning
about these controversial issues and make decisions regarding these issues. The data was
collected as pre-posttest administration of 23 question instrument with multiple item
format including true/false with justification, multiple choice with justification, and open-
ended responses that focused on knowledge of stem cells, stem-cell research, and cloning.

Findings indicated that there were a significant decrease in students’ misconceptions about
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stem cells, stem cell research and cloning from pre- to posttest implying that participants
developed more accurate understanding about stem cells, stem cell research and cloning

issues which in turn will be resulted in making informed decisions.

To conclude, the reviewed studies conducted with undergraduate students also revealed
similar results with respect to decision making. The researchers used different frameworks
for explaining participants’ reasoning in decision making process both biotechnology
related issues and socioscientific issues. For instance, while Sadler and Zeidler (2004;
2005) used informal reasoning as rationalistic, emotive and intuitive reasoning, Chang and
Chiu (2008) identified five sources that undergraduate students supported their reasons as
general beliefs, scientific belief (participants’ beliefs about the value of scientific research,
uncertainty and temporary nature of science) authority (reasons from textbooks, expert
opinions, teachers’ instructions, parents’ thoughts), personal experience and analogy
(using examples of knowledge regarding other field while making a decision). The
reviewed studies unveiled various factors such as rationalistic, emotive and intuitive
reasoning patterns, personal experiences, social considerations, pop culture, religion
(Sadler & Zeidler, 2004, 2005a, 2005b); general beliefs, scientific belief, authority,
personal experience and analogy (Chang & Chiu, 2008) and medical application, ethical,
rights, economic, religious, personal anecdotes, political, and scientific (Halverson et al.
2009). In addition, Sadler and Zeidler’s (2005b) study revealed that participants’
knowledge levels influenced making clear positions, indicating rationales, counter
positions and rebuttals but not their informal reasoning patterns. Besides, Concannon and
her colleagues’ study (2010) uncovered that participants’ understanding about
controversial issues could be enhanced by courses consisting of interactive lectures, case
discussions, hands-on activities, and independent projects and this may help students to

develop scientific understanding as well as making informed decisions.
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2.1.2.3. Studies focusing on pre-service and in-service science teachers’ decision

making processes

Under this heading, two strands of study were investigated. In one strand, studies
exploring pre-service and in-service science teachers’ decision making processes and the
factors that influence their reasoning in various contexts ranging from nuclear power to
stem cell research were reviewed. In another strand, studies investigating science teachers’
teaching perceptions and difficulties while teaching controversial issues in
genetics/biotechnology contexts as well as some possible factors such as gender, teaching

experience or self-perceived importance that influence their teaching were reviewed.

In first strand, the studies exploring pre-service and in-service teachers’ decision making
processes and the factors that influence their reasoning in various contexts ranging from
nuclear power to stem cell research were reviewed. In an earlier study, Sadler,
Amirshokoohi, Kazempour and Allspaw (2006) explored 20 middle and high school
science teachers’ perspectives on using socio-scientific and ethical issues in their classes
by conducting semi-structured interviews. Based on the data analysis, the researchers
described five different profile explaining their views and practices while dealing with
socio-scientific and ethical issues in their classes. While Profile A stressed the importance
of including SSls into science classes and gave specific examples in classes, Profile B
emphasized existence of constraint that prevent them implementing SSls into science
classes. On the other hand, Profile C remained undecided about the implementation of
SSls. Profile D indicated that science education should be value free. Both Profile C and
D indicated that science education should not focus on controversial issues. Lastly, Profile
E stressed that all the science education should include ethical issues. The results revealed

that teachers held a wide range of perspectives considering their own values.

In another study, H. Lee and Witz (2009) recruited four science teachers’ implementation
of SSlIs in their classrooms and explored their motivations to teach SSls by conducting a

series of semi-structured interviews (changing 4 to 6) with each teacher and by classroom
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observations. They explored how teachers were dealt with SSIs such as their interest in
SSls, their personal concerns and implementation strategies of SSI into their classes. The
recruited issues that were specified during interviews and observations included
environmental problems as pollution, global warming, endangered species; biotechnology
related issues as cloning, stem cell research and genetically modified foods; and power
plant issue. They reported that all the teachers’ implementations were deeply influenced
by their ideas, values, philosophies and personal concerns. Teachers’ inspiration to teach
SSIs to students differed based on teacher. While two of teachers’ inspiration were rooted
from their personal concerns and experiences, the rest of teachers’ inspirations were
rooted from their moral and spiritual-religious concerns. As a conclusion, Lee and Witz
(2009) indicated that teacher in their study developed their own teaching goals, and this

influenced their students’ decision making skills and attitudes towards SSls.

While Lee and Witz (2009) explored science teachers’ implementation of SSIs and the
factors that influence their implementation, in later years, Dawson (2011) investigated an
experienced science teacher’s teaching strategies on reproduction unit focusing on SSls
as genetic diseases, embryo testing and genetic engineering as well as Mendelian patterns
of inheritance. In addition, the researcher also explored how the adopted learning activities
affected students’ attitudes towards science. Multiple data collection tools as participant
observation, interviews with teacher, questionnaires and personal reflection journals were
used in the study. The teacher used group work, whole group discussion; cooperative
learning and student centered learning while dealing with SSls. The findings indicted that
teacher’s perceptions about SSI may influence students’ attitudes. The researcher
concluded that the teacher’s beliefs about the purpose of SSI are important. The teachers
who explicitly explained the importance of SSls in genetics lead greater improvement in
their students’ reasoning and argumentation skills. She addressed that teachers’ beliefs;

understanding and skills are important in developing students’ decision making abilities.

In another study conducted by H. Lee and her colleagues (2012) investigated how Korean

pre-service science teachers dealt with socio-scientific issues and the role of character and
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values in this process. 18 PSTs were participated the program focusing on SSlIs as use of
nuclear power generation, climate change, and embryonic stem cell research.
Audiotyping of small group discussions of each scenario and self-reflections of pre-
service teachers were gathered and analyzed with respect to PSTs’ characters and values.
The researchers reported that participants’ reactions to different SSIs were influenced by
their character and value considerations. The effect of moral consideration was most
evident in stem cell research scenario. The participants experienced dilemmas rooted from
their personal beliefs and religious beliefs when dealing with stem cell research scenario.
Another important finding was that even PSTs were influenced by value and moral
considerations; they tended to possess a high degree of faith in science and technology.
The researchers suggested that a pre-service teachers’ reasoning and decision making
competence can be enhanced via programs focusing on socio-scientific issues (H. Lee,
Chang, Choi, Kim & Zeidler, 2012).

As abovementioned studies stressed the importance of the factors such as teachers’ ideas,
beliefs, values, philosophies and personal concerns, moral and religious perspectives
influence their decisions, some researchers investigated the role of content knowledge in
making informed decisions. In such study, van der Zande, Waarlo, Brekelmans,
Akkermant and Vermut (2011) investigated the content knowledge that is required for
teaching genetic testing. For this purpose, the researchers conducted interviews with 9
experienced science teachers (average teaching experience of 20.7 years) and 12
stakeholders (four clients, two physicians, one clinical geneticist, one genetic counselor
and medical ethicists). Three instruments were used for data gathering as semi structured
interviews with teachers, semi-structured interviews with different stakeholders and the
referents regarding ethical, legal, and social aspects of genetics testing. Overall, the result
revealed that content knowledge was a necessity for effective teaching of genetic testing.
However, researchers indicated that, some additional concepts such as multifactorial and
Polygenic disorder were needed in addition to the concepts that are found current

curriculum. Moreover, ethical, legal and social aspects and characteristics as uncertainty,
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complexity, probability, and morality were reported to be important factors for effective
teaching. The researchers also added some additional characteristics as informed consent,
solidarity, legal issues concerning insurance, and social implications for relatives or future

children to the framework.

In another strand, studies investigating science teachers’ teaching perceptions and
difficulties while teaching controversial issues in genetics/biotechnology contexts as well
as some possible factors such as gender, teaching experience or self-perceived importance
that influence their teaching were reviewed. In an earlier study, Australian secondary
science teachers’ difficulties while teaching two specific biotechnology units which
focused on DNA, proteins, mutations, genetic manipulations and the role of biotechnology
in daily life including ethical issues were investigated by Steele and Aubusson (2004).
Data was collected by using multiple methods as interviews, document analysis and
observation (field notes) during two case studies of teachers while teaching biotechnology
unit. Prior to case studies, the researchers collected data from 59 teachers from 100 schools
by using questionnaires in order to provide some insights about teaching biotechnology in
their courses. In addition, eleven teachers were interviewed for probing their experiences
regarding teaching biotechnology. The quantitative analyses revealed that teaching
experience in general, as well as teaching experience in biology, were not related with the
amount of biotechnology taught in their classes. Qualitative analyses of interviews with
teachers revealed that, teachers, in their study, reported lacking both enough knowledge
and practical work to teach these units effectively. They attributed this finding to presence

of external exams and students’ difficulties in understanding concepts in biotechnology.

In the same year within a different cultural context, Byrce and Gray (2004) investigated
Scottish biology teachers’ opinions about the new biotechnology curriculum consisting of
biotechnological issues such as genetic modification or cloning. They interviewed with
ten biology teachers who were previously attended a summer school for implementing
new curriculum and their students. The findings revealed that biology teachers’ lacked of

confidence in handling discussions about social and ethical applications of biotechnology
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such as genetic modification and cloning. Even both teachers and high school students in
their study stressed the importance of including ethical and social dimensions into science
classes, the results revealed that teachers lacked of confidence in handling discussions.
They explained main reasons of this lacked confidence in handling discussions as lack of
knowledge in science content, unfamiliarity with the issue presented and being unsure

about students’ interests.

The difficulties that Australian and Scottish science teachers faced with were also
supported with other studies. For instance, Lazarowitz and Bloch (2005) investigated 30
Israeli high school biology teachers’ awareness of societal issues including values, moral,
ethical and legal issues when teaching genetics, genetic engineering and molecular
genetics by conducting interviews. The researchers analyzed data based on teaching
experience, gender and religion. Majority of teachers tended to include Mendelian
Genetics as Mendel principles, sex determination, genetic disease and blood types while
teaching genetics. Only three teachers included societal issues into their classes while
teaching. Overall, the results demonstrated biology teachers’ low levels of awareness
about societal issues, including bioethical, social and political aspects of molecular
biology and genetic engineering. While biology teachers’ opinions were not differed based
on religious faith and gender, experienced teachers were more eager to teach societal
issues to their students. The researchers reported that teachers preferred not to include
societal issues in their classes; instead they preferred to prepare their students for the

matriculation exams which is a similar finding to Steele and Aubusson’s study (2004).

While Lazarowitz and Bloch (2005) did not reveal any difference with respect to gender
or religion, Sadler and his colleagues (2006) found differences between male and female
teachers’ opinions and implementation of controversial issues. While all the female
teachers supported the idea of implementation SSls into science classes, half of them
implemented these issues into classes. Whereas five of eight participating male teachers
were undecided and showed unwillingness about the importance as well as

implementation of these issues implying that females were more eager to implement these
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issues when compared to male counterparts. In addition, all the teachers in the study
expressed the importance of including ethical issues into science classes and raising
students as being aware of ethical issues. Even science teachers acknowledged the
importance of controversial issues in science classes; they failed to implement these issues
into their classes. Moreover, high school and middle school teachers had different
opinions regarding implementation of SSls. For instance, high school teachers preferred
to focus on the content knowledge in the curriculum for preparing their students for
entrance exams. Likewise, the importance of introducing controversial issues into science
classes, have been referred by H. Lee, Abd-EIl-Khalick and Choi (2006). Studying with 86
Korean science teachers, H. Lee, and her colleagues (2006) investigated science teachers’
perceptions about the necessity of introducing SSIs, the impeding factors that prevent
them to implement SSls to science classes and their self-efficacy beliefs regarding
teaching SSls in their classrooms. They used a Likert-type scale to explore science
teachers’ perceptions about SSI and conducted follow-up interviews with 12 selected
teachers for further investigation. Quantitate data analysis revealed that while majority of
science teachers strongly believed that SSIs worth to address in their classes, they
identified some factors that prevent them to address SSls in their classes such as lack of
time, student maturity, student interest in SSIs or unavailability of materials for
classrooms. As they perceived the existence of factors that prevent them from addressing
SSils, they demonstrated low self-efficacy beliefs regarding teaching of these issues. They
expressed inadequacy in their content knowledge as well as pedagogical expertise and low
confidence in developing materials for teaching these issues. The interview analysis
provided supporting evidence for the quantitative data. While teachers most frequently
emphasized that SSIs will help their students to make informed decision, more than a

quarter perceived addressing SSIs as time consuming.

While H. Lee and colleagues identified some hinderer factors as lack of time, student
maturity, student interest, van der Zande, Brekelmans, Vermunt and Warloo (2009)

identified another difficulty as making distinction between emotive and rationalistic
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reasoning for science teachers. The researchers designed a 2-stage study in order to
investigate students’ reasoning and teachers’ considerations while dealing with
controversial issues. In Study 1, they interviewed with 15 students (14-15 years) about
their reasoning patterns while dealing with controversial issues by using a dilemma. In
Study 2, the researchers also interviewed with eight experienced biology teachers about
teachers’ approaches to moral education and students’ moral reasoning. The results of
Study 1 indicated that while more than half of the students made decisions based on
emotive considerations (53%), 20% of participants used rational considerations and 26%
of them used both emotive and rationalistic considerations while dealing with dilemma in
the interview. The results of Study 2 revealed that even experienced science teachers
noticed the existence of different reasoning skills, they failed to make a distinction
between reasoning skills and to choose appropriate skills for addressing different
reasoning skills in their classes. They also used different approaches for promoting moral
reasoning, but they had difficulty in recognizing and making distinction between emotive

and rationalistic reasoning is difficult for both students and teachers.

A more recent study also investigated high school life teachers’ concerns and opinions
about biotechnology issues which have undeniable effects on issues such as health, food,
environment, as well as energy. Borgerding, Sadler and Koroly (2013) conducted semi-
structured interviews with 20 high school life science teachers that had attained a two-
week summer programmed focusing on biotechnology. Findings revealed a wide range of
approaches about biotechnology considering teacher’ teaching perceptions, difficulties as
well as students’ difficulties. One of the major point that was revealed is that even teacher
did not teach or include biotechnology issues in their classes (7 teachers indicated that
they did not cover biotechnology issues in their classes), all teachers were aware about the
importance of biotechnology issues. They were aware of how implementing these issues
into their classes will affect their students in terms of career choice, and understanding
science and scientific knowledge. They also demonstrated some obstacles that prevent

effective implementation of biotechnology issues such as lack of time and materials to be
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used in classes, and curriculum overload. Also, some teachers were concerned about lack
of content knowledge (n= 6) that in turn resulted in feeling of inadequacy and anxiety
towards biotechnology issues. With respect to teaching experience, novice teachers that
they did not prefer to teach biotechnology issues and expressed that they were ill-prepared
for effective teaching. On the other hand, experienced teachers felt well-prepared for
teaching biotechnology issues. In fact, this finding is also support van der Zande and his
colleagues’ (2012) findings. Exploring Dutch biology teachers’ expertise and needs for
teaching genetics focusing on genetic tests, van der Zande et al. (2012) interviewed nine
biology teachers about how to teach genetic testing considering pedagogical content
(concerning learning process of students), subject matter (entailing knowledge of
curriculum) moral (considering controversial issues and their ethical aspects) and
interpersonal (contains the ability of teacher’s creating a good relationship with students)
expertise and they observed lessons of five teachers among them. Results revealed that
science teachers held a variety of learning and teaching activities while teaching genetic
testing in pedagogical content area. Experienced teachers used more problem based on

activities in their lessons.

The literature reviewed above were conducted in various countries as well as in various
contexts from stem cell research to cloning. The reviewed studies unveiled various factors
such as religious, factors, values and personal factors (Lee & Witz, 2009; Lee et al. 2012),
beliefs (Dawson, 2011), content knowledge (van der Zande et al. 2011), ethical, legal and
social factors (van der Zande et al. 2012). Overall, the reviewed studies provided empirical
evidence that teachers’ decision making processes are influenced by multiple factors. In
addition, the studies explored how science teachers dealt with various issues in classroom
contexts. While several studies indicated that science teachers acknowledged the
importance of these issues (Lee et al. 2006; Sadler et al. 2006; van der Zande et al. 2009),
other studies reported that they also identified some issues that prevent effective
implementation of these issues (Bryce & Gray, 2004; Borgerding et al., 2013; Lazarowitz
& Bloch, 2005; Lee et al. 2006; Steele &Aubusson, 2004). Among them, low self-efficacy
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(Lee etal., 2006), lack of content knowledge (Bryce & Gray, 2004; Borgerding et al. 2013;
Lee et al. 2006; Steele & Aubusson, 2004; van der Zande et al., 2012), external
examinations such as state or university entrance exams (Lazarowitz & Bloch, 2005;
Steele & Aubusson, 2004), lack of material and time and curriculum overload (Lee et al.,
2006; Borgerding et al. 2013) and student difficulties and maturity (Lee et al., 2006; Steele
& Aubusson, 2004); and low self-efficacy beliefs about effective teaching of controversial
issues (Lee et al. 2006) were reported. Among these issues, content knowledge were
frequently examined in different contexts and reported as an important factor for effective
implementation of controversial issues into science classes (e.g., van der Zande et al.,
2012). Besides, the effect of some background characteristics such as gender, teaching
experience and religion were explored. The effects of these characteristics, however,
yielded conflicting results. While Lazarowitz and Bloch (2005) revealed no gender
difference with respect to teaching societal issues, Sadler and her colleagues (2006)
indicated male teacher were more eager to teach these issues in their classes when
compared to female teachers. Likewise, there was no consensus in research findings with
respect to teaching experience. While studies indicated that experienced teachers tended
to teach controversial issues in their classes when compared to their novice counterparts
(Borgerding et al., 2013, van der Zande et al., 2009; 2012) some studies revealed that
teaching experience in general as well as teaching experience in biology was not related
with teachers’ implantation of controversial issues (Lazarowitz & Bloch, 2005; Steele &
Aubusson, 2004). Lastly, high school teachers tended to acknowledge and try to
implement these issues into science classes when compared to middle school teachers
(Sadler et al., 2006).

Overall, the reviewed research studies highlighted the importance of investigating
multiple factors that influence teachers’ decision making processes as well as some
background characteristics that might influence science teachers’ implementation in many
contexts. Therefore, it is needed to conduct a study that investigated both the factors that

influence science teachers’ decision making as well as the relationship among science
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teachers’ background characteristics, genetics literacy level, attitudes in genetics literacy
issues and teaching perceptions. With this respect, this study investigated multiple the
effect of background characteristics as gender, teaching experience, content knowledge,
self-perceived interest and self-perceived importance in genetics and tried to explain the
relationship among background characteristics, genetics literacy levels and attitudes in
genetics literacy as well as teaching perceptions. Moreover, it is tried to explain the factors
that influence participants’ decision making processes that identified in previous studies

and investigated the role of these factors by adopting a multi-layer perspective.

2.1.3. Studies focusing on teachers’ perceptions of teaching issues in genetics

literacy and self-efficacy beliefs regarding genetics literacy

As present study investigated the relationship among science teachers’ genetics literacy
levels, their attitudes towards various issues in genetics literacy and their teaching
perceptions regarding genetics literacy, this part is devoted to the studies focusing on pre-
service teachers and in-service teachers’ perceptions of teaching about issues in genetics

literacy and their self-efficacy teaching beliefs regarding genetics literacy.

In an earlier study, Czerniak and Schriver (1994) explored pre-service teachers’ self-
efficacy beliefs by using a Likert scale instrument and compared their pedagogical
teaching strategies to their self-efficacy scores over two-year period. In first year of study,
data collected from a total of 25 pre-service teachers by open-ended and journal type
questionnaire. After determining the most and least efficacious teachers, in second year,
the most and least efficacious 14 PSTs were interviewed for revealing their teaching
strategies. Results revealed that both group of teachers used a variety of teaching strategies
such as discussions, experiments, games or hands-on activities. On the other hand, while
most efficacious teachers, in general, used student centered activities like simulations,
small group discussions, low efficacious teachers preferred teaching from textbooks and
using lecturing and demonstrations while teaching. Overall the high efficacious teachers

were more eager to help their students to learn science, acknowledged their strengths and
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weakness. In addition, they were eager to use student centered activities and selected
teaching strategies that may help their students while learning science. On the other hand,
low efficacious teachers felt uneasy about their teaching abilities to teach science
effectively. They frequently stressed other factors for their failure. As a conclusion, the
researchers emphasized the importance of self-efficacy in terms of enhancing students’
learning in science as self-efficient teachers were frequently used appropriate teaching
strategies for enhancing their students’ leaning science concepts. The researchers
indicated that science educators should aware of self-efficacy construct as it affects

students’ beliefs and behaviors regarding science.

Schoon and Boone (1998) investigated the relationship between pre-service elementary
teachers’ teaching efficacy beliefs and the number of alternative conceptions. A total of
619 pre-service teachers were surveyed throughout a survey that measured both science
teaching efficacy beliefs and alternative conceptions. The results revealed that the high
efficacious PSTs were more knowledgeable in science concepts being assessed by the
inventory, and no relationship was revealed between number of alternative conceptions
and science teaching efficacy beliefs. Some certain misconceptions such as “planets can
be seen only by using a telescope” or “the dinosaurs lived at the same time with cave-
man” were found to be associated with low science teaching efficacy beliefs regarding
science. The researchers attributed this to the barriers that alternative concepts create in
learning process and the students with these alternative misconceptions tended to struggle
in understanding scientific knowledge that in turn resulted in developing low self-efficacy
beliefs. The researchers suggested the need of focusing pre-service science teachers’
alternative conceptions as well as students’ misconceptions that may also help developing

their self-efficacy beliefs regarding teaching science.

In another study, Roberts, Henson, Tharp and Morena (2001) investigated the role of
different length of in-service teacher training programs (2-week, 3-week, 4-week and 6-
week) in enhancing teachers’ self-efficacy. The results revealed that 2-week and 3-week

programs were more successful in terms of increasing self-efficacy scores of teachers who
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had scored below average. On the other hand, the length of professional training did not
seem to influence the teachers’ self-efficacy who scored over average. The researchers
concluded that in-service training programs were more successful in increasing low
efficacious teachers’ efficacy scores. As the researchers expected that teachers’ efficacy
are closely related with students’ outcomes, they emphasized the role of in-service training

programs for enhancing teachers’ self-efficacy beliefs.

In an earlier study, Tekkaya, Cakiroglu and Ozkan (2002) investigated Turkish senior pre-
service science teachers’ understanding of science concepts and their teaching self-
efficacy beliefs regarding science by using science concept test and Science Teaching
Efficacy Beliefs (STEBI) form B (n= 299). Results revealed that less than half the
questions were correctly answered by PSTs implying that PSTs held low level of
understanding in science concepts. In addition, misconceptions regarding fundamental
concepts in science were revealed. For instance, a great majority reported that “plants
respire only at nights” (83%) and “respiration in plants occurs in the leaves (89%). With
respect to PSTs’ self-efficacy beliefs and outcome expectancies, PSTs gained high scores
in STEBI. For instance, a great majority reported they had confidence in effectively
teaching science concepts to their students (81%), and that welcomed students’ questions
during their teaching (86%). The researchers also sought for the relationship among self-
efficacy beliefs, number of courses completed and conceptual understanding in science.
The results implied that the number of courses completed and having sufficient conceptual
understanding in science increased PSTs’ personal teaching efficacy beliefs regarding
science positively. On the other hand, no difference in outcome expectancy scores were
reported with respect to number of courses completed and conceptual understanding in
science. The researchers concluded that even science teachers were highly confident in
their ability to teach science effectively; they possessed insufficient understanding in
science. The researchers suggested that rather than including additional courses to science

teacher education programs in universities, the existing courses should focus on
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alternative conceptions that PSTs held and the ways for remedying them before PSTs start
their professions.

In another study, Cantrell, Young and Moore (2003) explored the factors such as gender
or extracurricular science activities in high school that affect undergraduate students’
efficacy beliefs in science teaching. Different groups [seminar group that enrolled nine
semester-hours of science content (n= 154), methods group that enrolled six-semester-
hour advanced methods course in science, mathematics and technology (n= 84), and
student teacher group that completed their semester of student teaching experience period
(n= 54)] were surveyed by using Science Teaching Efficacy Belief Instrument Form B.
Result revealed that male seminar group students had higher self-efficacy beliefs in
teaching science when compared to females. In addition, the number of extracurricular
activities and the years of being involved influenced their self-efficacy beliefs. For
instance, the undergraduates who reported they had extracurricular activities over five
years had greater self-efficacy beliefs when compared to the students who has 2-4 years
of high school experience. Similar pattern was found among method group students as
students who reported they had extracurricular activities in high school tended to have
higher self-efficacy beliefs in teaching science. On the other hand, no gender difference
was revealed among method group students. No difference with respect to gender and
number of activities in high school were revealed for pre-service teachers group. The
researchers concluded that being involved in extracurricular activities like being a judge
in science fairs, giving assistance to students in Science Olympiads or being a volunteer
in a science related club lead an increase in participants’ self-efficacy teaching beliefs in
science teaching. In addition, the time for teaching science to the students also was found
to be an influencing factor. The participants who reported have teaching experience tended
to have higher self-efficacy beliefs. The researcher concluded that undergraduate courses
that provides effective strategies and teaching experiences of undergraduate students are

important for improving students’ personal teaching efficacy beliefs regarding science.
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In a more recent study, Sahin, Isiksal and Ertepinar (2010) explored Turkish elementary
school teachers’ self-efficacy beliefs in science teaching and the factors that influence
their self-efficacy beliefs (n= 197). Results revealed that elementary teachers held
favorable self-efficacy beliefs in science teaching. For instance, a great majority indicated
that they understood science concepts well enough to teach science effectively (90%) and
indicated their confidence in both understanding and teaching science concepts to their
students (89%). With respect to gender and school type (private or public school), only
school type was found to be a significant factor affecting elementary teachers’ self-
efficacy beliefs. Teachers working in private schools seemed to have higher self-efficacy
beliefs when compared to teachers working in public schools. The researchers attributed
the difference in school type to the opportunities provided to private school teachers such
as instructional materials and technological support. They, on the other hand, suggested
that the reasons why teachers working in public schools had lower self-efficacy beliefs

should be further investigated.

While Sahin and her colleagues (2010) explored the role gender and school type on PSTs’
self-efficacy beliefs, Aydin and Boz (2010) explored PSTs’ sources of their science
teaching efficacy beliefs in addition to self-efficacy beliefs. The statistical analysis
indicated that there was difference with respect to grade level in self-efficacy scores and
outcome expectancy scores. While seniors had highest personal self-teaching efficacy
beliefs mean scores, juniors had the lowest scores. Pre-service teachers’ self-efficacy
sources were explores by semi-structured interviews. While mastery experience (teaching
in school experience course, giving private lessons or teaching to peers/students/siblings)
was most common source reported by PSTs (n= 14), vicarious experience (referring their
teachers who had taught them in past or observations of other peers in school experience)
was the second important source (n= 8) followed by social persuasion (n= 1). The
researchers attributed the increase in self-efficacy and outcome expectancy scores as
senior students had highest scores to the number of courses completed. As senior students

completed a number of courses that might help to gain more experience with respect to
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teaching, they might develop higher self-efficacy beliefs. The interviews also supported
their conclusion as the most referred source for self-efficacy was mastery experience
reported by PSTs. The researchers emphasized the importance of method course that
provides effective activities and the possibility for gaining teaching experience for helping

PSTs to develop effective teaching efficacy beliefs regarding science.

While Sahin et al.’s (2010) and Aydin and Boz’s (2010) studies focused on PSTs’ general
science efficacy beliefs, Sonmez and Kilinc (2012) specifically focused on PSTs’ self-
efficacy beliefs about teaching genetically modified foods. They investigated Turkish pre-
service science teachers’ knowledge, risk perceptions and attitudes about genetically
modified foods (GM foods) as well as their self-efficacy beliefs about teaching GM foods
(n=161). Results revealed that pre-service science teachers were well-informed about GM
foods. In terms of self-efficacy beliefs about teaching GM foods, even they seemed to
have moderate self-efficacy beliefs about teaching GM food, they acknowledged the
existence of some hinderers. For further analysis, the researchers explored the factors
(knowledge, risk perceptions and attitudes about GM foods, age, gender, preparing project
and joining science Olympiads) that affect PSTs’ self-efficacy beliefs by using step-wise
regression model. The statistical analysis revealed that only knowledge in GM foods and
joining science Olympiads influenced PSTs’ self-efficacy beliefs. While knowledge
explained 8% variance in PSTs’ self-efficacy beliefs, joining a joining science Olympiad
explained only 4% of variance. The researchers concluded that educating PSTs about GM
foods as well as SSI will enhance students’ ability to discuss controversial issues in their
classroom environment. They also suggested that even risk perceptions and attitudes about
GM food did not found to be influencing factors for self-efficacy beliefs of PSTs, these
factors need to be further explored as they influence teachers’ positions while dealing with
GM foods.

In a more recent study, Fonseca, Costa, Lencastre and Tavares (2012) explored Portuguese
secondary biology teachers’ beliefs about teaching biotechnology issues and the

relationship between their beliefs and biotechnology teaching (n= 97) by administrating a
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quantitative survey consisting of four biotechnology issues as classical applications,
genetically modified organisms, gene therapy and human. The statistical analysis revealed
that biology teachers perceived biotechnology as interesting and important to teach. With
respect to their competence of teaching biotechnology, teachers showed interest in
attaining workshop related to biotechnology for equipping themselves and updating their
knowledge regarding biotechnology issues. Even teachers acknowledged the students’
interest in biotechnology, the highlighted the curriculum restrictions that limits their
teaching of biotechnology issues. The researchers highlighted the importance of teacher
training programs for both pre-service and in-service teachers for improving teachers’

teachers’ beliefs about biotechnology.

To sum up, the studies focusing on PSTs’ and science teachers’ teaching perceptions and
self-efficacy beliefs focused on many issues. While earlier studies identified the
characteristics of high and low efficacious teachers’ characteristics (Czerniak & Schriver,
1994), they revealed that high efficacious teachers were tended to adopt a wide range of
student centered activities like simulations or small group discussions in order to enhance
their students’ learning in science. In addition, Schoon and Boon’s (1998) study
determined that low efficacious teachers tended to hold more alternative misconceptions.
This finding was also supported by Tekkaya et al.’s (2002) study in Turkish context.
Moreover, while some studies reported that extracurricular activities and school type
(public or private) were found to be enhancing teachers’ self-efficacy beliefs (Cantrell et
al. 2003; Sahin et al. 2010; Sonmez & Kilinc, 2012), gender was not found to be associated
with teachers’ self-efficacy beliefs. As a common finding, all the studies emphasized the
role of undergraduate courses such as method courses and in-service training programs in

enhancing pre-service teachers’ self-efficacy beliefs.
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CHAPTER 11

METHOD

In this chapter, method of the present study was explained in detail. The chapter is divided
into six sections as general research design, participants, instrumentation, data collection
procedure, data analysis, trustworthiness and finally, assumptions and limitations of the
study. The chapter begins with general description of the research design used in present
study design and its rationale. Then, in participant section, sampling procedure of
quantitative part study and participant selection of qualitative part of study was explained
followed by instrumentation. In this section, instruments used in present study, namely,
teacher demographic information scale, Genetics Literacy Assessment Scale, Attitudes
towards Issues in genetics literacy Scale, Perceptions of Teaching Issues in genetics
literacy Scales and lastly, Decision-Making Interview were explained in detail. In data
collection part, the procedures utilized during data collection was described. This section
was followed by data analysis section. In this section, quantitative and qualitative data
analyses procedures were elucidated. In addition, description of codes, categories in code
book and sample quotations illustrating codes and categories used in present study were
described in qualitative data analysis part. In following part, trustworthiness of study was
explained under validity of study, reliability of study and ethical issues headings. Lastly,
the assumptions and limitations of current study was presented.

3.1. General Research Design and Rationale

The main purpose of this study was to investigate middle school science teachers’ (a)
genetics literacy levels, (b) attitudes towards issues in genetics literacy and (c) perceptions
of teaching issues in genetics literacy. Possible relationships among science teachers’

genetics literacy levels, attitudes, teaching perceptions and various demographic
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characteristics were also explored. Moreover, factors that influence science teachers’

decision making processes were examined.

Based on these purposes, the current study was designed as mixed method design which
consists of both quantitative and qualitative data collection methods in a single study in
order to obtain deeper understanding phenomenon (Creswell & Plano-Clark, 2011,
Fraenkel, Wallen, & Hyun, 2011). In present study, sequential explanatory design, a type
of sequential design was adopted. In sequential explanatory design, only quantitative data
is collected and analyzed in first stage and qualitative data was collected and analyzed in
second stage for the purpose of exploring and elaborating the quantitative results
(Creswell, Plano-Clark, Gutmann & Hanson., 2003; Creswell, 2009; Creswell, 2012;
Fraenkel et al., 2011). While quantitative data and results derived from quantitative data
present a general picture of the research problem, qualitative data analysis is used for

explaining the general picture in a more detailed way (Creswell, 2012; p. 542).

As this study was designed as sequential explanatory design, the data were collected in
two stages: In first stage, quantitative data were collected by administration of instruments
namely Genetics Literacy Assessment Inventory (GLAI), Attitudes towards Issues in
Genetics Literacy Scale (ATIGLS) and Perceptions of Teaching Issues In Genetics
Literacy Scale (PTIGLS) to a sample of middle school science teachers for exploring
relationships among science teachers’ genetics literacy levels, their attitudes towards
issues in genetics literacy and their perceptions of teaching issues in genetics literacy. In
second stage, qualitative data were collected from selected middle school science teachers
through semi-structured interviews to support the data collected quantitatively to explore

the factors that influence science teachers’ decision making processes in a detailed way.

The visual model of research design, outlining each stage of the research process and the

methods used to collect data and to analyze data is presented 3.1.
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As seen in Figure 3.1, the present study started with the review of the related literature
regarding genetics and issues in genetics literacy. Based on the review, conceptual
framework of the study and research design was constructed. After the determining
participants of the study, the data collection tools including questionnaires and interview
protocols were developed. Then, the expert opinions were received, and necessary
changes were made. The data collection instruments were finalized subsequent to pilot
analysis. The data collection procedure was carried out in two phases. In the first phase,
quantitative data collected throughout the administration of the Genetics Literacy
Assessment Inventory (GLAI), Attitudes towards Issues in Genetics Literacy Scale
(ATIGLS) and Perceptions of Teaching Issues in Genetics Literacy Scale (PTIGLS).
Later, the data was analyzed by using descriptive statistics (i.e., frequencies) and
inferential statistics (i.e., Canonical Correlation Analysis). In the second phase, qualitative
data were gathered by semi- structured interviews. The aim of conducting interviews was
to explore the factors that influence science teachers’ decision making processes in order
to support quantitative results of present study. The qualitative data were analyzed by
using open coding, and then findings were quantified and presented by using descriptive
statistics and frequencies. Lastly, the data obtained from both qualitative and quantitative

data analyses were interpreted together.
3.2. Participants

In accordance with the nature of sequential explanatory design, two sampling procedures
were unitized in this study. First, sampling procedure included for quantitative part of the

study was explained. Then, selection of participants for qualitative part was described.

3. 2. 1. Sampling procedure of quantitative part of study

In present study, cluster random sampling procedure was utilized. In this sampling
procedure, schools were randomly selected as clusters. Thus, the teachers in selected

schools constituted the sample of current study. The target population of this study was
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all middle school science teachers in Ankara. There are a total of 515 public middle
schools in 25 districts of Ankara according to the 2012-2013 Education Statistics report
(Education Statistics of Ankara for 2012-2013). Out of 25 districts, six districts were
accepted as the accessible population of present study. 272 middle schools were found in
6 districts (Education Statistics of Ankara for 2012-2013). 200 schools were reached by
the researcher due to time and accessibility constraints (see Table 3.1).

Table 3.1

Number of Middle Schools and Teachers in Each School

Districts ~ Total Number of Middle Number of Middle Total number of
Schools Schools teachers
Sincan 43 39 106
Etimesgut 29 26 38
Kecioren 52 43 97
Mamak 51 36 83
Cankaya 56 33 60
Altindag 41 23 51
Total 272 200 435

Of 200 schools visited, 435 science teachers participated voluntarily in the quantitative
part of the study. Characteristics of teachers who participated in the study are presented
in Table 3.2. Briefly, majority of teachers were reported to be female (74.5%), and the rest
were male (25.5%). In terms of teaching experience, nearly a quarter reported to have a
teaching experience of 1 to 5 years (24.4%). A close percentage had a teaching experience
of 6-10 years (20.9%). While 15.9% of science teachers had 11-15 years teaching
experience, nearly 10% had less than 1 years of experience. Moreover, 14.7% of teachers
who had 16-20 years teaching experience and 14.2% of then had more than 20 years
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teaching experience. As far as their education background was considered, majority of
science teachers were graduated from Education Faculties (69%). A quarter reported to
graduate from Faculties of Arts and Sciences (25.1%) and declared they had teaching
certificate. Only 5.5% were graduated from Institutes of Education. Lastly, less than 1%
of participants declared that they were graduated from faculties of engineering. These
teachers also reported to have a teaching certificate. Regarding science teachers’ majors,
majority of science teachers (75.2%) have possessed a college degree in science education.
14.5% of teachers have a college degree in biology education. While 7.3% of teachers
have a college degree in chemistry education degree, only 3% have physics education

degree.

Table 3.2

Science Teachers’ Demographic Characteristics

Characteristics Frequency (n) Percentage (%)
Gender
Male 111 25.5
Female 324 74.5
Teaching experience
Less than 1 year 43 9.9
1-5 years 106 24.4
6-10 years 91 20.9
11-15 years 69 15.9
16-20 years 64 14.7
More than 20 years 60 14.2
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Table 3.2 (Continued)

Characteristics Frequency (n) Percentage (%)

Graduated program

Faculty of Education 300 69.0
Faculty of Arts and Sciences 109 25.1
Institutes of Education 24 55
Faculty of Engineering 2 0.4
Major
Science education 327 75.2
Biology education 63 14.5
Physics education 13 3.0
Chemistry education 32 7.3

3.2.2. Selection of participants for qualitative part of study

Stratified purposive sampling method was utilized in qualitative part of this study. In this
sampling strategy, researcher identifies subgroups within a population and select cases
from subgroups in a purposive manner (Teddlie & Tashakkori, 2009; p. 186). In present
study, groups were constructed based on science teachers’ teaching experience in order to
reach diverse groups of teachers. Three groups were constructed as Group 1, Group 2 and
Group 3. Teachers with 2-5 year teaching experience were grouped as Group 1, teachers
with 6-10 year teaching experience were grouped as Group 2 and lastly, teacher with more
than 10 year teaching experience were grouped as Group 3. Based on the created groups,
the science teachers who completed the instruments were invited to participate the
interviews. The researcher tried to reach equal number of teachers in each group. She,
however, was able to reach more teachers in Group-2 when compared two other two
groups because of voluntary participation of teacher. Accordingly, semi-structured
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interviews were conducted with 18 science teachers. The number of teachers in each group
was presented in Table 3.3.

Table 3.3

The number of teachers in each group

Groups Number of participants (N)
Group 1 (2-5 years) 5
Group 2 (6-10 years) 8
Group 3 (more than 10 years) 5

Total 18

Out of 18 science teachers, 13 (72.3%) were female and five (27.7%) were male science
teachers. Their teaching experience ranged from two years to 15 years. While majority of
science teachers (66.7%) have possessed a degree in science education, 33.3% of teachers
have a college degree in biology education. The length of interviews ranged from 45
minutes to 75 minutes. The characteristics of participating science teachers in each group
are given in Table 3.4.

Table 3. 4

The Characteristics of Science Teachers and Duration of Interviews

Participant Gender Teaching Experience Major Duration of interview
P1 Male 12 years Science teacher 55 minutes
P2 Female 11 years Biology teacher 62 minutes
P3 Female 8 years Science teacher 50 minutes
P4 Female 15 years Biology teacher 60 minutes
P5 Male 9 years Science teacher 45 minutes
P6 Female 14 years Biology teacher 30 minutes
P7 Female 15 years Biology teacher 45 minutes
P8 Female 7 years Science teacher 45 minutes
P9 Male 8 years Science teacher 60 minutes
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Table 3. 4 (Continued)

Participant Gender Teaching Experience Major Duration of interview
P10 Female 4 years Science teacher 45 minutes
P11 Female 2 years Science teacher 59 minutes
P12 Male 2 years Science teacher 48 minutes
P13 Male 7 years Science teacher 75 minutes
P14 Female 6 years Science teacher 55 minutes
P15 Female 5 years Biology teacher 60 minutes
P16 Female 8 years Science teacher 46 minutes
P17 Female 3 years Biology teacher 45 minutes
P18 Female 7 years Science teacher 60 minutes

3.3. Instrumentation

In this section, quantitative and qualitative data collection tools were explained in detail.
In first part, quantitative data collection tools as Teacher Demographic Information Scale,
Genetics Literacy Assessment Inventory (GLAI), Attitudes towards Issues in Genetics
Literacy Scale (ATIGLS) and Perceptions of Teaching Issues in Genetics Literacy Scale
(PTIGLS) were elucidated. In second part, qualitative data collection tools, namely,

Decision-Making Interview (DMI) were elucidated.

3.3.1. Quantitative Data Collection Tools
3.3.1.1. Teacher demographic information scale

Teacher demographic information scale consists of eight items regarding science teachers’
background characteristics as gender, major, graduated program type, earning teaching
certificate (only for teachers graduated from a non-teacher education program), years of
experience in teaching profession, self-perceived knowledge in genetics, self-perceived
interest in genetics and source of information where they learn about issues in genetics

literacy (See Appendix E).

73



3.3.1.2. Genetics Literacy Assessment Inventory (GLAI)

This section consisted of three parts. In the first part, information regarding the
dimensions, reliability and validity issues of the original version of Genetic Literacy
Assessment Inventory was presented. Second part included translation and adaptation
process of the instrument, followed by statistical procedures utilized in pilot study and
later in main study were explained in detail for ensuring validity and reality of Turkish

version of the Genetic Literacy Assessment Inventory.

3.3.1.2.1. Original version of Genetics Literacy Assessment Inventory

The Genetics Literacy Assessment Inventory is a self-report questionnaire developed by
Bowling and her colleagues (2008) to assess undergraduate non-biology majors’ genetics
literacy levels. It originally consisted of 31 multiple-choice items under six dimensions.
Dimensions and the subconcepts being assessed in each dimension and number of

questions in dimensions is presented in Table 3.5.
Table 3.5

Dimensions of Original Version of Genetics Literacy Assessment Inventory (Bowling et
al. 2008)

Dimensions Subconcepts Number of
Questions
Nature of Genetic  Properties of DNA, DNA-gene-chromosome 8
Material interactions, gene activity and description of
genetic variation
Transmission Mendelian patterns of inheritance and meiosis 4
Gene Expression  Functions of genes in protein synthesis, multiple 6
genes, and disorders related with multiple genes
Gene Regulation  Genetic variations that result in diseases such as 4

Huntington disease and turn on and turn of genes
in gene regulation
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Table 3.5 (Continued)

Dimensions Subconcepts Number of
Questions
Evolution Genetic variation as the basis of evolution, genetic 3
variations in the human ethnic groups and natural
selection
Genetics- Science-ethic-genetics concerns and current-future 6
Society applications of genetics and genetics technologies

Bowling et al. (2008) explored the content and discriminant validity evidences for the
original form of the instrument. For ensuring content validity, the items of the GLAI were
reviewed by genetic professionals in terms of understandability and suitability. Their
feedback was used in revising items in the GLAI and finalizing the instrument. For
ensuring discriminant validity of instrument, they compared the GLAI scores of 395
undergraduate students enrolled in introductory genetics courses, 113 students in a
psychology course, and 23 graduate students from specialized fields of genetics by using
an analysis of variance test with a Games—Howell post hoc analysis and reported that the
instrument was able to distinguish among the groups that it that it theoretically should be
able to distinguish. In addition, researchers also explored internal validity evidences by
using a test-retest procedure and reported a Pearson correlation as 0.68 (Bowling et al.,
2008).

3.3.1.2.2. Turkish version of Genetics Literacy Assessment Inventory

This section is divided into two parts. In the first part, translation and adaptation process
of the GLAI was described. Second part consisted of detailed information about ITEMAN
analysis results with pilot study data and confirmatory factor analysis results with main

study data.

For translation and adaptation of the GLAI, required permissions were taken from the
developers via e-mail (See Appendix A). As Hambleton (2005) indicated when adapting

an instrument from one language into another language, basic translation procedures may
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not provide equivalence between original and translated version of test. Instead of basic
translation from one language to another language, test adaptation considering cultural,
psychological and linguistic equivalence in a second language is needed (Hambleton,
2005; 1993). Thus, during translation process, Turkish cultural context was taken into
consideration. During this process, forward translation that requires adaptation the test
from source language to another language by a translator was used (Hambleton, 2005;
p.12). The GLAI was translated from English language into Turkish by researcher and a
science education professor. There were two items reflecting American regulations in
original instrument. These two items were not suitable for Turkish culture and were
replaced with two questions reflecting Turkish legal regulations according to Human
Rights and Biomedical legislation that was enacted in 2003. As there were only three
questions in evolution dimension of original instrument, additional four items from
Evolution Content Knowledge Test (Rutledge & Warden, 2000) were added to the
inventory for ensuring content validity of this dimension (item number 33 to 36).
Accordingly, the modified version of GLAI consisted of 36 multiple choice items. After
the translation process had completed, the original and translated versions along with the
attitude and perception scales utilized in present study were checked by English language
experts at Middle East Technical University Academic Writing Center. Then, another
researcher who has expertise in biology education, as well as science education checked
for the equivalence of the original and translated versions of the instrument. Necessary
revisions were made in the light of their suggestions. Finally, a third researcher who has
expertise in biology, specifically in genetics, reviewed the items in the instrument. In
accordance with the comments from third researcher, the necessary revisions were made

in items, and the instrument became ready for pilot study.

The instrument was initially was pilot tested with 95 science teachers. For pilot study,
Turkish version of GLAI was administrated 95 science teachers. Of the sample, 63
(66.32%) were females, and 32 (33.68%) were males. Majority of science teachers
(72.6%) have possessed a college degree in science education, and 14.5% of teachers have
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possessed a college degree in biology education. In terms of teaching experience, majority
of the teachers (45.3%) had 2-5 years of teaching experience followed by 1 year teaching
experience (26.3%). About 14.7% of participants reported having 6-10 years teaching
experience, and only a small percentage had more than 10 years teaching experience
(13.7%).

In following sections, results obtained from ITEMAN analysis were presented.

3.3.1.2.2.1. ITEMAN analyses results for GLAI with pilot study data

The data obtained from pilot study were examined by using ITEMAN item analysis
program for determining item discrimination and item difficulty indexes of each item in
order to investigate the contribution of each item to the reliability of instrument. ITEMAN
analysis provides item analysis statistics (e.g., item discrimination index, item difficulty
index) for each item as well as statistical indicators (e.g., mean, standard deviation,
reliability) of a test as a whole (ITEMAN User Manual, ND). Item discrimination index
(D) is a parameter that is used for dichotomously scored items for the purpose of
discriminating the examinees who know the subject from those who do not (Crocker &
Algina, 1986, p. 314). Based on the Ebel (1965)’s criterion, the items that have
discrimination indexes lower than 0.19 should be eliminated from the test. According to
ITEMAN analysis results, four items had discrimination indexes less than 0.19 (D1=0.10,
D3=0.11, D4=0.04, D21=0.11 and D34=0.13). Thus, these four items were removed from
the instrument (See Table F.1 in Appendix F for item discrimination and item difficulty
indexes of each item). The rest of items had discrimination indexes ranging from 0.21 to
0.53 with an average of 0.33 indicating the inventory was constructed by reasonably good
questions (Ebel & Frisbie, 1986). In next step, item difficulty indexes of each item were
examined. Item difficulty index is a parameter that refers to proportions of examines who
answered the item correctly. It may take a value ranging from 0.00 (any of students
answered the item correctly) to 1.00 (all students answered the item correctly) (Crocker
& Algina, 1986, p. 311-312; Oosterhof, 2001; p. 176). The items in the GLAI had item
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difficulty indexes ranging from 0.25 to 0.86 with an average of 0.55 indicating a medium
difficulty. As stated by Oosterhof (2001), a test with a medium difficulty and had a
discrimination index higher than 20% is considered as a good test. Accordingly, the final
form of the GLAI included 31 items. The reliability coefficient computed by Kuder
Richardson-20 (KR-20) was found to be .75. The reliability coefficients higher than .70
are recommended as a rule of thumb by Fraenkel, Wallen and Hyun (2011; p.157). Thus,

the reliability coefficient obtained from pilot study is considered as good.

After ITEMAN analyses in the pilot study, the 31-item Genetics Literacy Assessment
Inventory (See Appendix F) was administrated to 435 middle school science teachers.
Confirmatory factor analysis was performed in order to test hypothesized factor structures.
Firstly, data were screened through descriptive statistics. Then, confirmatory factor
analysis was performed for each dimension of the instrument to test the model fit to the
data.

3.3.2.2.2. Confirmatory factor analyses for Genetics Literacy Assessment Inventory with

main study data

In this section, the confirmatory factor analyses results with main study data were
explained. Specifically, data screening with main study data, the statistical procures
utilized in Confirmatory Factor Analysis were described. Furthermore, confirmatory
factor analyses results with each dimension as well as with the overall instrument were

elucidated.

3.3.2.2.2.1. Data screening with main study data

The minimum and maximum values, standard deviations, skewness and kurtosis values
and range for the items in the instrument that will be subjected to confirmatory factor
analysis were inspected through descriptive statistics. The minimum and maximum

values, means and standard deviations of each item were reasonable. Skewness values

78



ranged from -2.320 to 1.948 and kurtosis values ranged from -2.008 to 2.399 that are lower
than the supposed value of 3.00 indicating there is no violation of univariate normality
(Pallant, 2007). There were no missing cases in data. Thus, any replacement methods were
used in analysis. Descriptive statistics of each item were presented in Table F.2 in

Appendix F.

3.3.2.2.2.2. Confirmatory factor analyses results for Genetics Literacy Assessment

Inventory

The GLAI was composed of dichotomously scored items and thus, the data obtained from
administration of GLAI was ordinal. Therefore, when performing confirmatory factor
analysis, an appropriate estimation method for ordinal data should be used. There are
various estimation methods such as instrumental variables method (IV), two stage least
squares (TSLS), Unweighted Least Squares (ULS), Generalized Least Squares (GLS),
Maximum Likelihood (ML), weighted least squares (WLS), and diagonal weighted least
squares (DWLS) (Byrne, 2012; Tabachnick & Fidell, 2013). Among them, the Diagonally
Weighted Least Squares (DWLS) estimation method is used when the multivariate
normality assumption is violated and/or the data are ordinal. It provides more accurate
parameter estimates and uses polychoric correlation matrix of variables (Mindrila, 2010;
Schumacker & Beyerlin, 2000). As the data obtained in present study is composed of

ordinal items, the DWLS estimation procedure was used in confirmatory factor analysis.

In order to investigate how well the items in the GLAI fit to proposed 6 dimensions as
nature of genetic material, transmission, gene expression, gene regulation, evolution and
genetics and society confirmatory factor analyses with Diagonally Weighted Least
Squares (DWLS) were conducted by using LISREL 8.8 (Joreskog & Sorbom, 2007). It
has been recommended to investigate the identification of individual constructs which
might cause a problem for overall model fit (Hair, Black, Babin, & Anderson, 2010). Thus,
before assessing overall model fit, confirmatory factor analysis for each individual

construct was conducted.
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3.3.2.2.2.2.1. Confirmatory factor analyses with nature of genetic material dimension

According to confirmatory factor analyses results, the chi-square test was found to be
significant (x’a4)= 30.02, p< .05). However, as chi-square test is sensitive to sample size
(Joreskog & Sorbom, 2007; Kline, 2005; Tabacnick & Fidell, 2013; p. 700),
relative/normed chi-square (x?/df) were suggested for decreasing the impact of sample
size on chi-square. Although there is no consensus on the acceptable ratio for normed chi
square as Hooper, Coughlan and Mullen (2008) indicated, the recommendations of this
ratio range from 2 to 5 as an indicator of reasonable fit (Marsh & Hocevar, 1985;
Tabacnick & Fidell, 2013; p. 720). This value was computed as 2.14 in this study
indicating a reasonable fit. Besides, various fit indices were used for assessing model fit.
Fit indices (RMSEA= .054, CFI= .94, SRMR= .80, and GFI= .98) suggested a good fit.
All items loaded on intended factor namely nature of genetic material. Completely
standardized solutions (Lambda-x estimates) for latent factor of nature of genetic material
were presented in Table 3.6.

Table 3.6

Lambda-x estimates for nature of genetic material dimension

Dimension Indicator Lambda-X
It 2 0.33
It 5 0.25
It 6 0.36
Nature of genetic material It_10 0.31
It 12 0.50
It 13 0.49
It_18 0.43

Note: “It_2” represents the 2" item in the GLAI
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3.3.2.2.2.2.2. Confirmatory factor analyses with transmission dimension

Based on confirmatory factor analyses results, the chi-square test was not found to be
significant (y’= 2.86, p> .05). Rest of fit indices (RMSEA= .031, CFI= 1.00, SRMR=
.03, and GFI= 1.00) suggested a good fit. All the items loaded on intended factor as
transmission. Completely standardized solutions (Lambda-x estimates) for latent factor of
transmission were presented in Table 3.7.

Table 3.7

Lambda-x estimates for transmission dimension

Dimension Indicator Lambda-X
It 3 0.77
It 4 0.73
Transmission It 24 0.60
It_26 0.67

Note: “It_3” represents the 3" item in the GLAI

3.3.2.2.2.2.3. Confirmatory factor analyses with gene expression dimension

Based on confirmatory factor analyses results, the chi-square test was not found to be
significant (y°(2= 4.74, p> .05). Fit indices (RMSEA= .056, CFI=.96, SRMR= .05, and
GFI= 1.00) suggested a good fit. All the items loaded on intended factor namely gene
expression. Completely standardized solutions (Lambda-x estimates) for latent factor of

gene expression were presented in Table 3.8.
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Table 3.8

Lambda-x estimates for gene expression dimension

Dimension Indicator Lambda-X
It 1 0.30
It_15 0.69
Gene expression It_19 0.70
It 21 0.33

Note: “It_1” represents the 1% item in the GLAI

3.3.2.2.2.2.4. Confirmatory factor analyses with gene regulation dimension

Confirmatory factor analyses results indicated that the chi-square test was not significant
(’@= 2.09, p> .05). Fit indices (RMSEA= .01, CFI=1.00, SRMR= .03, and GFI= 1.00)
suggested a good fit. All the items loaded on intended factor namely gene regulation.
Completely standardized solutions (Lambda-x estimates) for latent factor of gene

regulation were presented in Table 3.9.

Table 3.9

Lambda-x estimates for gene expression dimension

Dimension Indicator Lambda-X
It 7 0.58
It 9 0.57
Gene regulation It 16 0.27
It_17 0.61

Note: “It_7” represents the 7" item in the GLAI
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3.3.2.2.2.2.5. Confirmatory factor analyses with evolution dimension

According to the confirmatory factor analyses results, the chi-square test was not found to
be significant (y%@9)= 9.91, p> .05). Even fit indices (RMSEA= .015, CFI=.99, SRMR=
.056, and GFI= .99) suggested a good fit, all the items did not load on evolution. The
completely standard solution of item 30 and item 31 were found to be very low indicating
that these two items did not explain the dimension well (See Table 3.10 for Lambda-x

estimates). Thus, these two items were removed from the dimension.

Table 3.10

Lambda-x estimates for evolution dimension (6 items)

Dimension Indicator Lambda-X
It_11 0.47
It_20 0.38
Evolution It 22 0.54
It 29 0.28
It_30 0.04
It_31 0.04

Note: “It_11” represents the 11" item in the GLAI

After the removal of two item (item 30 and item 31), confirmatory factor analysis was
repeated with rest of items. Confirmatory factor analyses results indicated that the chi-
square test was not significant (y?= 1.07, p> .05). Fit indices (RMSEA= .00, CFI=1.00,
SRMR= .25, and GFI= 1.00) suggested a good fit. All the items loaded on evolution
dimension. Completely standardized solutions (Lambda-x estimates) for latent factor of

evolution were presented in Table 3.11.
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Table 3.11 Lambda-x estimates for evolution dimension (4 items)

Lambda-x estimates for evolution dimension (4 items)

Dimension Indicator Lambda-X
It 11 0.48
It 20 0.36
Evolution It 22 0.55
It 29 0.21

Note: “It 117 represents the 11 item in the GLAI

3.3.2.2.2.2.6. Confirmatory factor analyses with genetics and society dimension

Confirmatory factor analyses results indicated that the chi-square test was not significant
(x%9)= 11.18, p> .05). Fit indices (RMSEA= .024, CFI=.99, SRMR= .059, and GFI=.99)
suggested a good fit. All the items loaded on genetics and society dimension. Completely
standardized solutions (Lambda-x estimates) for latent factor of genetics and society were

presented in Table 3.12.

Table 3.12

Lambda-x estimates for genetics and society dimension (6 items)

Dimension Indicator Lambda-X
It 8 0.24
It 14 0.37
Genetics and society It_23 0.36
It_25 0.77
It 27 0.67
It_28 0.23

Note: “It_8” represents the 8" item in the GLAI
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In the following part, confirmatory factor analyses results with overall Genetics Literacy
Assessment Inventory were described and a model fit for the Inventory was provided.

3.3.2.2.2.2.7. Confirmatory factor analyses with Genetics Literacy Assessment Inventory

After elimination of two items from evolution dimension, the 29-item GLAI (See
Appendix X) was subjected to confirmatory factor analysis to hypothesize overall factor
structures. The chi-square test was found to be significant (y%@zs2)= 502.97, p< .05). Instead
of using chi-square statistics, normed chi-square (x%/df) was used for assessing overall
model fit. Normed chi-square value was computed as 1.38. This value is below the
suggested normed chi-square value of 2 as an indicator of a good fit that is proposed by
Tabanchnik and Fidell (2013; p. 720). Besides, various fit indices were used for assessing
model fit. Besides, other fit indices (RMSEA= .03, CFI=.98, SRMR= .80, and GFI=.95)
suggested a good fit. All the items loaded on hypothesized factors namely nature of
genetic material, transmission, gene expression, gene regulation evolution, and genetics
and society. The model fit of the genetics literacy assessment inventory was presented in
Figure 3.3.
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Figure 3.2 The model fit of Genetics Literacy Assessment Inventory

Note: “it_1” represents item 1 in the GLAI “NGM?” represents nature of genetic material
dimension, “trans” represents transmission dimension, “gene exp” representS gene
expression dimension, “gene reg” represents gene regulation dimension, “evol”
represents evolution dimension and “gene soc” represents genetics and society dimension
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3.3.2. Attitudes towards Issues in Genetics Literacy Scale (ATIGLYS)

Attitudes towards issues in genetics literacy scale is a self-report instrument designed to
assess individuals’ attitudes on particular applications of genetic technologies including
gene therapy, use of genetic information, abortion and Pre-Implementation genetic
diagnosis as well as more general attitudes towards genetics research which was adapted
from British Social Attitude Survey (2000) and Wellcome Trust Consultive Panel on Gene
Therapy (1999). The scale has six subscales as general attitudes, use of genetic
information, abortion, Pre-Implementation Genetic Diagnosis, gene therapy and gene
therapy applications as somatic gene therapy, germ-line gene therapy and in-utero gene
therapy. The scale was constructed in a multiple Likert Scale format and consisted of 50
items. While general attitude items and use of genetic information items is a 5-point
Likert-type scale ranging from 1 “strongly disagree” to 5 “strongly agree”, items in
abortion and Pre-implementation genetic diagnosis subscales were scored on a 3-point
Likert-type scale with 1 being “always right” and 3 being “never right”. The gene therapy
items responded on a 4-point Likert-type scale from 1 “definitely allowed” to 4 “never
allowed”. On the other hand, a 5-point Likert scale was used in gene therapy applications
dimension where 1 indicates “definitely allowed” and 4 indicates “never allowed” and 5

indicates “it depends/needs more information” (see Table 3.13).
Table 3.13

The Dimensions of Attitudes towards Issues in genetics literacy Scale

Dimension Number of  Likert Scale Adapted from
Item format
General Attitude 19 5 point British Social Attitude Survey

Wellcome Trust Consultive
Panel on Gene Therapy

Use of genetic 4 5 point British Social Attitude Survey
information
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Table 3.13 (Cont.)

Dimension Number of Likert Scale Adapted from
Item format
Abortion 4 3 point British Social Attitude
Survey
Pre-Implementation 4 3 point British Social Attitude
Genetic Diagnosis Survey
Gene Therapy 10 4 point British Social Attitude
Survey
Gene Therapy 9 5 point Wellcome Trust Consultive
Applications Panel on Gene Therapy

After the translation and adaptation procedures as explained earlier Genetics Literacy

Assessment Inventory section, the scale was pilot tested.

In the following part, reliability and validity issues of the Attitudes towards Issues in

Genetics Literacy Scale with the pilot study data was explained.

3.3.2.1. Validity Evidences for Attitudes towards Issues in Genetics Literacy Scale with
pilot study data

As attitude scale was constructed from Likert-type items ranging from 3-point to 5-point.
For pilot study, attitudes towards issues in genetics literacy scale was administrated 95
science teachers. Firstly, the data screening for exploring missing data patterns was
performed, and the descriptive statistics were examined. For validating scale structure,
various validity evidences should be presented as Crocker and Algina (1986) noted. Thus,
various validity evidences were investigated for validating the Attitude towards Issues in
genetics literacy Scale. Content validity, convergent validity and discriminant validity

evidences, as well as reliability coefficients, were examined.

3.3.2.1.1. Data screening with pilot study data

The minimum and maximum values, standard deviations, skewness and kurtosis values

and range for the items in the scale that will be subjected to confirmatory factor analysis
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were inspected through descriptive statistics. The minimum and maximum values, means
and standard deviations of each item were found to be reasonable. Skewness values ranged
from -1.153 to 1.125 and kurtosis values ranged from -1.546 to 2.03 that are lower than
the supposed value of 3.00 indicating there is no violation of univariate normality (Pallant,
2007). Percent of missing cases ranged from 1.1% to 5.3%. The percent of missing cases
and descriptive statistics of each item were presented in Table G.1 and Table G.2 in
Appendix G, respectively. As Tabachnick and Fidell (2013) indicated if missing data is
about 5% or less of actual data, almost any procedure can be used for handling missing
data (p. 63). In this study, missing values are found around 5%. Thus, missing data were
replaced by using regression procedure. After imputation, skewness values ranged from

-1.257 to 1.594 and kurtosis values ranged from -1.507 to 2.188 (See Table G. 3 in

Appendix G for descriptive statistics of pilot study data after imputation).

3.3.2.1.2. Content validity of attitude towards issues in genetics literacy scale

Croker and Algina (1988) indicated that, a typical procedure should be followed in content
validity is the examination of items in terms of adequacy to the domain by a group of
experts (p. 218). Content validity of attitudes towards issues in genetics literacy scale was
ensured by examination of items in the scale by two researchers. First researcher has
expertise in biology education as well as science education checked for the equivalence
of the original and translated versions of the instrument, second researcher has expertise
in biology, specifically in genetics, reviewed the items in the instrument. Thus, the content
validity of scale was ensured. But it is recommended to use other validity evidences for
ensuring validity of a test (Crocker & Algina, 1988, p. 219).

3.3.2.1. 3. Convergent validity of attitudes towards issues in genetics literacy scale

Convergent validity refers to correlations between measures of same construct, and it is

recommended to be high (Crocker & Algina, 1988, p. 233). So, the correlations among
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the dimensions of attitude scale should be high for ensuring convergent validity. For
ensuring convergent validity of attitude scale, correlation coefficents among the
dimensions of attitude scale were calculated. As shown in Table 3.14, all the attitude
dimensions were correlated. The magnitude of correlations was ranged from small to large
(Cohen 1977, 79-80). Any significant correlation between use of genetic information and
abortion were demonstrated (p> .05).

Table 3.14

Zero order correlations among the dimensions of attitude scale

Dimension 1 2 3 4 5 6

1. General attitude - 36**  33F* - 42%* 33 - A0**
2. Use of genetic information - -.15 S 2T** - 42%* - 26%
3. Abortion - 0.48** 29**  38**
4. Pre-Implementation Genetic - A4**  B]x*

Diagnosis

5. Gene therapy - 68**
6. Gene therapy applications -

**p< .01

* p<.05

3.3.2.1. 4. Discriminant validity of attitudes towards issues in genetics literacy scale

Croker and Algina (1988) defined discriminant validity as correlations between different
constructs. It is recommended to be substantially lower than reliability or convergent
validity coefficents (p. 233). Thus, correlations between different measures should be
lower for ensuring discriminant validity. For this purpose, the reliability coefficents
among the subscales of two different scales (attitudes towards issues in genetics literacy
scale and perceptions of teaching issues in genetics literacy scale) were examined. As
shown in Table 3.15, in general, dimensions of attitude scale were not correlated with
dimensions of perception scale. However, Pre-implementation genetic diagnosis was
significantly correlated with impeding factors (r= .21, p< .01) and negatively correlated

with personal teaching efficacy beliefs (r=-0.23, p< .01) though small in magnitude. As
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most of attitude dimensions were not significantly associated with dimensions of
perception scale and the found correlations among Pre-implementation genetic diagnosis,
impeding factors and personal teaching efficacy beliefs are small in magnitude and lower
than the inter-correlations among the scales themselves, the discriminant validity of

attitude scale was ensured.
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Table 3.15

Zero order correlations among the dimensions of attitude scale and perception scale

Dimension 1 2 3 4 5 6 7 8 9

1. General Attitude - -.36** 33** - 42%* -.33** - 40** .08 -.18 .09

2. Use of Genetic Information - -.15 =27 - 42** -.26* 14 -.09 A2

3. Abortion - 0.48** 29%* 38** -.08 .05 -.07

4. Pre-Implementation Genetic - A4** S1** -11 21* -.23*%
Diagnosis

5. Gene Therapy - 68** -.07 .03 -.08

6. Gene Therapy Applications - .03 12 -.08

7. Necessity of issues in - A44* 53*
genetics literacy

8. Impeding factors - A44*

9. Personal teaching efficacy -
beliefs

**p< 0.01

*p<0.05



3.3.2.2. Reliability of subscales of attitudes towards issues in genetics literacy scale in

pilot study

Last validity evidence used for this study is to calculate reliability coefficents as Croker
and Algina (1988) suggested. Cronbach alpha reliability values of subscales ranged from

.77 10 .95. Reliability values of subscales were presented in Table 3.16.

Table 3. 16

Reliability values of subscales of attitudes towards genetics literacy scale

Dimension Cronbach Alpha
General Attitude 7
Use of genetic information 75
Abortion .84
Pre-Implementation Genetic Diagnosis .86
Gene Therapy .89
Gene Therapy Applications .95

Confirmatory factor analyses conducted with main study findings are presented in

following section.

3.2.2.3. Confirmatory factor analyses for Attitudes towards Issues in Genetics Literacy

Scale with main study data

After pilot study, the Attitudes towards Issues in genetics literacy Scale (See, Appendix
G) was administrated to 435 middle school science teachers in Ankara. Confirmatory
factor analysis was performed in order to test hypothesized factor structures. Firstly,
preliminary analyses as data screening and missing data analysis were conducted. Then,
confirmatory factor analysis was performed for each dimension of the instrument to test
the model fit to the data.
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3.3.2.1.1. Data screening with main study data

The minimum and maximum values, standard deviations, skewness and kurtosis values
and range for the items in the scale that will be subjected to confirmatory factor analysis
were inspected through descriptive statistics. The minimum and maximum values, means
and standard deviations of each item were found to be reasonable. Skewness values ranged
from -1.348 to 2.029 and kurtosis values ranged from -1.424 to 2.927 that are lower than
the supposed value of 3.00 indicating there is no violation of univariate normality (Pallant,
2007). Percent of missing cases ranged from 0% to 1.4%. The percent of missing cases
and descriptive statistics of each item were presented in Table G.4 and Table G.5 in
Appendix G, respectively. As Tabachnick and Fidell (2013) indicated if missing data is
about 5% or less of actual data, almost any procedure can be used for handling missing
data (p. 63). In this study, missing values are found less than 5%. Thus, missing data were
replaced by using regression procedure. After imputation, skewness values ranged from -
1.348 to 2.026 and kurtosis values ranged from -1.426 to 2.960 (See Appendix G.6 in

Appendix G for descriptive statistics of main study data after imputation).

3.3.2.1.2. Confirmatory factor analyses results for Attitudes towards Issues in genetics

literacy Scale

The attitudes towards issues in genetics literacy scale is composed of multiple Likert-scale
format ranging from 3-point to 5-point. The variables with 5 or more categories are
considered as continuous and the variables with less than 5 categories are considered as
ordinal (Johnson & Creech, 1983; Hutchinson & Olmos, 1998; Lehmann & Hulbert,
1972). Thus, the dimensions with 5-point Likert scale format (general attitude, use of
genetic information and gene therapy application) were treated as continuous variables
and while conducting confirmatory factor analysis, Maximum Likelihood (ML) was used
as method of estimation. When non-normality is more pronounced, Maximum Likelihood
(ML) estimation can cause inflated model 2 values which is related to overrejection of
solutions. The two most commonly used estimators for non-normal continuous data is
Robust Maximum Likelihood (MLM) and Weighted Least Squares (WLS). As WLS
estimation requires extremely large sample, it is not recommended (Brown, 2006; p.379).
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Thus, Robust maximum likelihood (MLM) estimation was used when dealing non-normal
data obtained in this study. MLM estimation provides a ML parameter estimates with
standard errors and a mean-adjusted ¥* which is known Satorra- Bentler scaled y? test
statistic that are robust to non-normality (Brown, 2006; p. 379; Satorra & Bentler, 1994;
Tabachnik & Fidell, 2013; p. 718). Multivariate non-normality was checked by examining
LISREL output. According to multivariate analyses results, the variables in general
attitude scale were multivariately peaked (p <.05) implying that the data were comprised
of non-normal continuous variables. Thus, robust maximum likelihood estimation method

was used in estimation.

The items in abortion and Pre-implementation genetic diagnosis were composed of 3-
point Likert scale format and the items in gene therapy were composed of 4-point Likert
scale format. The items in these dimensions were considered as ordinal. Thus, while
conducting confirmatory factor analysis with these dimensions, the Diagonally Weighted

Least Squares (DWLS) was used as method of estimation.

In following part, confirmatory factor analysis results for each dimension of the

instrument was described.
3.3.2.1.2.1. Confirmatory factor analyses with general attitude dimension

According to confirmatory factor analysis results, the hypothesized model Satorra—
Bentler 2 (152, N= 435) = 817.36, p< .05, Robust CFl = .75, RMSEA = .10 indicating
poor fit. In an attempt to develop a better fitting model, the items which had lowest
standardized coeffecients (item 14= .02, item 8= .10, item 3= .15 and item 7 = .19
respectively) were removed from general attitude dimension and fit indices were
examined. The model improved after elimination of these items. Even the chi-square test
of final model was found statistically significant, the normed chi-square (?/df) value was
found as 4.04 indicating acceptable fit. The final model was found as acceptable, Satorra—
Bentler y? (90, N= 435) = 364, p< .05, Robust CFI = .87, RMSEA = .084. The 15-item
general attitude scale with standardized coefficents is presented in Table 3.17.
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Table 3. 17

Lambda-x estimates for general attitude dimension

Dimension Indicator Lambda-X
gen_attl 22
gen_att2 47
gen_att4 .53
gen_att5 48
gen_att6 25
gen_att9 21
gen_attl0 39

General attitude gen_attll .35
gen_attl? 25
gen_att13 .64
gen_attl5 12
gen_attl6 57
gen_attl7 77
gen_att18 .36
gen_attl9 22

Note: “gen_attl” represents the 1% item in general attitude dimension

3.3.2.1.2. 2. Confirmatory factor analyses with use of genetic information

Based on confirmatory factor analyses results, the chi-square test was not found to be
significant (2= 5.34, p> .05). Fit indices (RMSEA= .06, SRMR= .04, CFI=1.00 and
GFI= 1.00) suggested a good fit. All the items loaded on intended factor namely use of
genetic information. Completely standardized solutions (Lambda-x estimates) for latent
factor of use of genetic information were presented in Table 3.18.
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Table 3.18

Lambda-x estimates for use of genetic information dimension

Dimension Indicator Lambda-X
use_gen_1 0.58
use_gen_2 0.95

Use of genetic information use_gen_3 0.92
use_gen_4 0.30

Note: “use_gen 1” represents the 1% item in use of genetic information dimension

3.3.2.1.2.3. Confirmatory factor analyses results with abortion

Based on confirmatory factor analyses results, the chi-square test was not found to be
significant (y%@2)= 1.38, p> .05). Fit indices (RMSEA= .03, SRMR= .08, CFI=1.00 and
GFI= 1.00) suggested a good fit. All the items loaded on intended factor namely use of
genetic information. Completely standardized solutions (Lambda-x estimates) for latent

factor of abortion dimension were presented in Table 3.19.

Table 3.19

Lambda-x estimates for abortion dimension

Dimension Indicator Lambda-X
abort_1 0.77
abort_2 0.84

Abortion abort_3 0.95
abor_4 0.85

Note: “abort 1 represents the 1% item in abortion dimension
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3.3.2.1.2.3. Confirmatory factor analyses results with pre-implementation genetic
diagnosis

Confirmatory factor analyses results indicated that the chi-square test was not significant
(x*= 1.06, p> .05). Fit indices (RMSEA= .01, CFI=1.00, SRMR= .01, and GFI= 1.00)
suggested a good fit. All the items loaded on intended factor namely pre-implementation
genetic diagnosis. Completely standardized solutions (Lambda-x estimates) for latent

factor of pre-implementation genetic diagnosis were presented in Table 3.20.

Table 3.20

Lambda-x estimates for pre-implementation genetic diagnosis dimension

Dimension Indicator Lambda-X
pre_IG_1 0.84

Pre-implementation genetic pre_IG_2 0.86

diagnosis pre_IG_3 0.95
pre_IG_4 0.89

Note: “pre_IG__1” represents the 1% item in pre implementation genetic diagnosis

dimension

3.3.2.1.2.3. Confirmatory factor analyses results with gene therapy

According to confirmatory factor analyses results, the chi-square test was found to be
significant (y%@ss= 165.24, p< .05). The relative/normed chi-square (x?/df) value was
calculated as 4.72 which was considered as an indicator of reasonable fit (Marsh &
Hocevar, 1985; Tabacnick & Fidell, 2013; p. 720). Besides, various fit indices were used
for assessing model fit. Fit indices (RMSEA=.094, CFl= .98, GFI= .97 and SRMR= .80)
suggested a reasonable fit. All the items loaded on intended factor namely gene therapy.
Completely standardized solutions (Lambda-x estimates) for latent factor of gene therapy
dimension were presented in Table 3.21.
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Table 3.21

Lambda-x estimates for gene therapy dimension

Dimension Indicator Lambda-X
gene_ther 1 0.79
gene_ther 2 0.75
gene_ther_3 0.74
gene_ther_4 0.94

Gene therapy gene_ther 5 0.96
gene_ther_6 0.96
gene_ther 7 0.50
gene_ther 8 0.85
gene_ther 9 0.92
gene_ther_10 0.81

Note: “gene ther 1” represents the 1% item in use of genetic information dimension

3.3.2.1.2.3. Confirmatory factor analyses results with gene therapy applications

Confirmatory factor analysis results indicated that According to confirmatory factor
analyses results, the chi-square test was found to be significant (y%e3)= 122.15, p< .05).
The relative/normed chi-square (x?/df) value was calculated as 5.3 which was considered
as an indicator of reasonable fit (Marsh & Hocevar, 1985; Tabacnick & Fidell, 2013; p.
720). Besides, various fit indices were used for assessing model fit. Fit indices (RMSEA=
.098, CFI=1.00, GFI=1.00 and SRMR=.08) suggested a reasonable fit. The RMSEA and
SRMR values are advised to be lower than .05 for a good fit. Though, values less than
0.10 are indicates acceptable fit (Kline, 1998; Schermelleh-Engel, Moosbrugger, &
Miiller, 2003). Thus, the obtained RMSEA and SRMR values in this study suggested
acceptable fit. All the items loaded on intended factor namely gene therapy applications.
Completely standardized solutions (Lambda-x estimates) for latent factor of gene therapy

applications were presented in Table 3.22.
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Table 3. 22

Lambda-x estimates for gene therapy applications dimension

Dimension Indicator Lambda-X
g thr sit 1 1 0.83
Somatic gene therapy g_thr sit 1 2 0.74
g_thr sit 1 3 0.89
g_thr sit 2 1 0.85
Germ-line gene therapy g_thr_sit 2 2 0.79
g_thr_sit 2 3 0.86
g_thr sit 3 1 0.89
In-utero gene therapy g_thr_sit_3_2 0.80
g_thr_sit 3 3 0.92

Note: “g_thr sit 1 17 represents 1% item in somatic gene therapy dimension,
“g thr sit 2 17 represents the 1% item in germ-line gene therapy dimension and
“g thr sit 3 17 represents 1% item in in-utero gene therapy dimension

In following part, reliability values of each dimension in Attitudes towards Issues in
genetics literacy were presented.

3.3.2.2. Reliability of subscales of Attitudes towards Issues in genetics literacy Scale in

main study

Cronbach alpha reliability values of subscales ranged from .70 to .90 in main study.

Reliability values of subscales were presented in Table 3.23.
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Table 3. 23

Reliability values of subscales of attitudes towards genetics literacy scale

Dimension Cronbach Alpha
General Attitude .70
Use of genetic information 12
Abortion .86
Pre-Implementation Genetic Diagnosis .90
Gene Therapy 87
Gene Therapy Applications .90

3.3.3. Perceptions of Teaching Issues in Genetics Literacy Scale (PTIGLS)

Teachers’ Perceptions of Teaching Issues in genetics literacy Scale is a self-report
questionnaire for assessing in-service science teachers’ perceptions of teaching issues in
genetics literacy in their classes. This scale was prepared by adapting items which were
used by previous studies (Lee, Abd-El-Khalick, & Choi, 2006; Pedretti, Bencze, Hewitt,
Romkey, & Jivraj (2008); Riggs & Enochs, 1990). The Scale is composed of 20 Likert
type items which are scored on a 5-point scale from 1 (strongly disagree) to 5 (strongly
agree). After the translation and adaptation procedures as explained earlier Genetics

Literacy Assessment Inventory section, the scale was pilot tested.

In following part, the statistical procedures for ensuring validity and reliability of
Teachers’ Perceptions of Teaching Issues in genetics literacy Scale was explained. Firstly,
explanatory factors analyses results and reliability values with pilot study data was
presented. Then, confirmatory factor analyses results with main study data were described

in details.
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3.3.3.1. Exploratory factor analyses for Teachers’ Perceptions of Teaching Issues in

genetics literacy Scale in pilot study

The scale was pilot tested with 95 science teachers. In order to validate factor structure of
teachers’ perceptions of teaching issues in genetics literacy scale, the data obtained from
pilot study was subjected to exploratory factor analysis which is a technique used for
explaining underlying factor structures (Hair, Black, Babin, & Anderson, 2010). While
performing explanatory factor analysis, principal component analysis and direct oblimin

was used.

Tabachnick and Fidell (2013) suggested that the impact of sample size is reduced when
the communality values are higher than .6. In such cases, sample size below 100 is
acceptable (p. 618). In this study, the communality values are generally found higher than
.6. Only three items (item 3, item 5 and item 19) had communality values lower than .6
(.395, .378 and .238 respectively) indicating that these items do not fit well with the other
items in its component. Pallant (2007) recommended eliminating the items with low
communality values which will be resulted in increasing the total variance explained (p.
196). Thus, three items were removed from the scale, and communality values are
examined again. The communality values of 17-item scale were found higher than .6
indicating that the data obtained in pilot study is appropriate for explanatory factor
analysis. The Keiser Meyer-Olkin (KMO) measure of sampling adequacy was .816 and
Barlett’s test of sphericity was statistically significant ¥*(190)= 691.244, p< .05, indicating
existence of relationships between variables and the data is suitable for factor analysis.
According to the Keiser’s criterion (Pallant, 2007; p. 182) there were three factors with
eigen values greater than 1. Inspection of scree pilot also supported a three-factor model.
The first factor accounted for 35.50% of the variance in correlation matrix and included 8
items related to teachers’ perceptions of the necessity of addressing issues in genetics
literacy in their classes (e.g., | want to develop teaching and learning materials on issues
in genetics literacy for my science class). Factor loadings ranged from .466 to .840 (see
Table 3.15). The second factor explained 12.15% of the variance in the correlation matrix.

This factor included 5 items related to teachers’ perceptions of the factors that impede
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addressing issues in genetics literacy in their classrooms (e.g., limited class time makes
me feel burdened when dealing with issues in genetics literacy during class). The items
factor loadings ranged from .534 to .784. The third factor explained 9.23% of the variance
in the correlation matrix. This factor included four items related to teachers’ personal
teaching efficacy beliefs regarding issues in genetics literacy (e.g., | sufficiently
understand what issues in genetics literacy). The item factor loadings of this dimension
ranged from .442 to .820 (See Table 3.24).

Table 3.24

Factor loadings of items in teachers’ perceptions of teaching issues in genetics literacy

scale
Item Factor Factor Factor
1 2 3
| want to develop teaching and learning materials on 831
issues in genetics literacy for my science class (per_1)
If I can get materials on genetics literacy, | am willing to .840
use them in class (per_3)
I am willing to participate in a program that helps .813

teachers deal with issues in genetics literacy (per_4)

The inadequacy of students’ background regarding issues 466
in genetics literacy needs to be addressed (per_7)

Introducing issues in genetics literacy into science classes  .694
will increase students’ interest in science (per_9)

Issues in genetics literacy is not as important as the rest of  .657
the science curriculum (per_15)

Teaching issues in genetics literacy is not worth the effort ~ .508
and time (per_16)

Introducing issues in genetics literacy into science classes  .615

is definitely necessary (per_17)
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Table 3.24 (Continued)

Item Factor Factor
1 2

Factor

| believe that students are not mature enough to be

interested in and understand issues in genetics literacy 750
(per_5)

| believe that students are barely interested in issues in 122
genetics literacy (per_6)

Classes dealing with issues in genetics literacy are most 676
likely to be classes for high achieving students (per_8)

Addressing issues in genetics literacy in science classes 534
could confuse students about their own values (per_12)

Dealing with issues in genetics literacy using various 784
teaching strategies (role plays and group activities) is

hardly possible in a “real” classroom situation (per 13)

Even when | try very hard, | do not teach issues in genetics

literacy as well as | do most subjects (per_2)

| sufficiently understand what issues in genetics literacy is

(per_10)

| have confidence in developing teaching and learning

materials about issues in genetics literacy (per_11)

| have the knowledge necessary to effectively teach about

issues in genetics literacy to my students (per_14)

442
.599

178

.820

Note: “per 17 represents 1% question in the PTIGLS

Cronbach’s alpha internal consistency coefficient was calculated for each factor. The
Cronbach’s alpha coefficient ranged from .77 to .85 (See Table 3.25). In addition,

corrected item-total correlations were examined, and high correlations among items were
revealed (See Table H.1, Table H.2 and Table H.3 in Appendix H). Moreover, the mean

inter-item correlations for necessity of addressing issues in genetics literacy, impeding
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factors and self-efficacy beliefs dimension were 4.42, 2.87 and 3.58 respectively (See
Table H.4 in Appendix H). Overall, the findings indicated high internal consistency for

subscales of teachers’ perceptions of teaching issues in genetics literacy scale.

Table 3.25

Reliability values of subscales of teachers’ perceptions of teaching issues in genetics
literacy scale

Dimension Total number of Cronbach
item Alpha

Necessity of addressing issues in genetics 8 .85

literacy

The factors that impede addressing issues in 5 .78

genetics literacy

Teachers’ personal teaching efficacy beliefs 4 A7

In following part, confirmatory factor analyses results for each dimension of Teachers’
Perceptions of Teaching Issues in genetics literacy Scale as well as overall instruments

were elucidated.

3.3.3.2. Confirmatory factor analyses for Teachers’ Perceptions of Teaching Issues in

genetics literacy Scale with main study data

After conducting exploratory factor analyses and reliability analyses in the pilot study, the
17-item perception scale was administrated to 435 science teachers. The confirmatory
factor analyses were used for exploring hypothesized factor structure. As the data was
constructed with 5-point Likert scale items, Maximum Likelihood (ML) was used. In
addition, Robust Maximum Likelihood (MLM) was used as method of estimation when
non-normality is pronounced in data. Firstly, preliminary data analyses were conducted:
the data screening for exploring missing data patterns was performed and descriptive
statistics were examined. In addition, univariate and multivariate normality was checked.
Then, confirmatory factor analyses for each subscale as well as overall instrument was

performed to test model fit.
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3.3.2.1.1. Data screening with main study data

The minimum and maximum values, standard deviations, skewness and kurtosis values
and range for the items in the scale which will be subjected to confirmatory factor analysis
were inspected through descriptive statistics. The minimum and maximum values, means
and standard deviations of each item were found to be reasonable. Skewness values ranged
from -1.176 to 1.337 and kurtosis values ranged from -1.138 to 2.144 that are lower than
the supposed value of 3.00 indicating there is no violation of univariate normality (Pallant,
2007). Percent of missing cases ranged from 0.5% to 1.1%. The percent of missing cases
and descriptive statistics of each item were presented in Table H.5 and Table H.6 in
Appendix H, respectively. As Tabachnick and Fidell (2013) indicated if missing data is
about 5% or less of actual data, almost any procedure can be used for handling missing
data (p. 63). In this study, missing values are found around less than 2%. Thus, missing
data were replaced by using regression procedure. After imputation, skewness values
ranged from -1.122 to 1.327 and kurtosis values ranged from -1.145 to 2.666 (See, Table
H.7 in Appendix H for descriptive statistics of pilot study data after imputation).
Multivariate non-normality was checked by examining LISREL output. According to
multivariate analyses results, the variables in necessity of addressing issues in genetics
literacy scale were multivariately skewed and peaked (p <.05) implying that the data were
comprised of non-normal continuous variables. Thus, robust maximum likelihood

estimation method was used in estimation in this dimension.

3.3.2.1.2. Confirmatory factor analyses results for Teachers’ Perceptions of Teaching

Issues in genetics literacy Scale

In this part, confirmatory factor analyses results for each dimension of Teachers’
Perceptions of Teaching Issues in genetics literacy Scale were presented. Confirmatory
factor analysis with maximum likelihood (ML) estimation was performed by using Lisrel
8.8 (Joreskog & Sorbom, 2007) in order to investigate how well the items in the perception

scale fit to proposed 3 dimensions.
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3.3.2.2.2.1. Confirmatory factor analyses with necessity of addressing issues in genetics
literacy

Confirmatory factor analysis results revealed that the hypothesized model yielded an
acceptable fit, Satorra—Bentler ¥* (20, N= 435) = 142.39, p< .05, Robust CFI = .90,
RMSEA = .09. All the items loaded on intended factor namely necessity of addressing
issues in genetics literacy. Completely standardized solutions (Lambda-x estimates) for
latent factor of necessity of addressing issues in genetics literacy were presented in Table
3.26.

Table 3.26

Lambda-x estimates for necessity of addressing issues in genetics literacy

Dimension Indicator Lambda-X
perc_1 49
perc_3 .50
perc_4 .58

Necessity of addressing perc_7 48

issues in genetics literacy perc_9 .58
perc_15 .69
perc_16 12
perc_17 39

Note: “perc_1” represents item 1 in necessity of addressing issues in genetics literacy

dimension

3.3.2.2.2.2. Confirmatory factor analyses with the factors that impede addressing issues

in genetics literacy

According to confirmatory factor analyses results, the chi-square test was not found to be
significant (x°)= 3.72, p> .05) and other fit indices (RMSEA= .01, CFI= 1.00, SRMR=
.018, and GFI=1.00) suggested a good fit. All the items loaded on intended factor namely
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the factors that impede addressing issues in genetics literacy. Completely standardized
solutions (Lambda-x estimates) for latent factor were presented in Table 3.27.

Table 3.27

Lambda-x estimates for the factors that impede addressing issues in genetics literacy

Dimension Indicator Lambda-X
perc_5 43
The factors that impede perc_6 .61
addressing issues in perc_8 51
genetics literacy perc_12 37
perc_13 57

Note: “perc_5” represents item 5 in the factors that impede addressing issues in genetics

literacy dimension

3.3.2.2.2.3. Confirmatory factor analyses with teachers’ personal teaching efficacy beliefs

Confirmatory factor analyses results, the chi-square test was not found to be significant
(x%2= 5.94, p> .05) and other fit indices (RMSEA= .064, CFI=.99, SRMR= .025, and
GFI=.99) suggested a good fit. All the items loaded on intended factor namely teachers’
personal teaching efficacy beliefs. Completely standardized solutions (Lambda-x

estimates) for latent factor were presented in Table 3.28.

Table 3.28

Lambda-x estimates for the factors teachers’ personal teaching efficacy beliefs

Dimension Indicator Lambda-X
perc_2 41

Teachers’ personal perc_10 .66

teaching efficacy beliefs perc_11 .68
perc_14 .63

Note: “perc 2” represents item 2 in Teachers’ personal teaching efficacy beliefs

dimension
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After conducting confirmatory factor analyses for each dimension of PTGLIS, whole
instrument was subjected to confirmatory factor analysis. In following part, confirmatory

factor analyses results for overall instrument was presented.

3.3.2.2.2.4. Confirmatory factor analyses with teachers’ perceptions of teaching issues in

genetics literacy scale with main study data

After examination of items in each dimension through standardized solutions (Lambda-x
estimates) was completed and any problems with items were encountered, the 17-item
teachers’ perceptions of teaching issues in genetics literacy scale (See Appendix H) was
subjected to confirmatory factor analysis for investigating overall factor structures. The
chi-square test was found to be significant (y%116= 424.36, p< .05). However, as chi-
square test is sensitive to sample size (Joreskog & Soérbom, 2007; Kline, 2005; Tabacnick
& Fidell, 2013; p. 700), relative/normed chi-square (y?/df) were suggested for decreasing
the impact of sample size on chi-square. Instead of using chi-square statistics, normed chi-
square (?/df) was used for assessing overall model fit. Normed chi-square value was
computed as 3.65. This value is below the suggested normed chi-square range of 2 to 5
which is an indicator of acceptable fit (Tabanchnik & Fidell, 2013; p. 720). Besides,
various fit indices were used for assessing model fit. Other fit indices (RMSEA= .078,
CFI= .90, SRMR= .64, and GFI=.90) suggested acceptable fit. All the items loaded on
hypothesized factors namely necessity of addressing issues in genetics literacy, the factors
that impede addressing issues in genetics literacy and teachers’ personal teaching efficacy
beliefs. The model fit of teachers’ perceptions of teaching issues in genetics literacy scale

was presented in Figure 3.4.
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Figure 3.3 The model fit of Teachers’ Perceptions of Teaching Issues in Genetics
Literacy Scale

Note: “PERC 1~ represents item 1 in the PTGLIS, “necessit” represents necessity of
addressing issues in genetics literacy dimension, “impeding” represents the factors that
impede addressing issues in genetics literacy and “ efficacy ” represent teachers’ personal

teaching efficacy beliefs
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3.3.2.1.3. Reliability of subscales of teachers’ perceptions of teaching issues in genetics
literacy scale in main study

Cronbach alpha reliability coefficents of subscales ranged from .70 to .78 in main study
which is above the recommended value of .70 (Fraenkel et al. 2011). Reliability

coefficents of subscales were presented in Table 3.29.
Table 3.29

Reliability values of subscales of teachers’ perceptions of teaching issues in genetics
literacy scale

Subscale Cronbach Alpha
Necessity of addressing issues in genetics literacy .78
The factors that impede addressing issues in genetics literacy 71
Teachers’ personal teaching efficacy beliefs .70

In following part, the instruments used for qualitative part of study, namely, Decision

Making Interviews were explained.

3.3.2. Qualitative Data Collection Tools
3.3.2.1. Decision-Making Interview (DMI)

For qualitative part of study, decision making interview protocol (DMI) was used in order
to investigate the influencing factors that affect participants’ decision making processes.
This protocol consisted of four scenarios regarding issues in genetics literacy as fetal
tissue transplantation, Cystic Fibrosis, use of gene therapy for Huntington Disease and
Intelligence. The scenarios in qualitative part of study were determined based on the
relevance to the scenarios used in Attitudes towards Issues in genetics literacy Scale. The
scenarios were developed by using previous studies and focused on a series of genetic
issues that consist of ethical dilemmas (Bell, 1999; Bell & Lederman, 2003; Sadler &
Zeidler, 2004a, Sadler & Zeidler, 2004; Zohar and Nemet, 2002).
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The scenarios was translated and adapted into Turkish by researcher. Another researcher
who has expertise in biology education as well as science education checked for the
equivalence of the original and translated versions of the scenarios. The original and
translated versions were checked by English language experts at Middle East Technical
University Academic Writing Center. Lastly, the adapted scenarios were examined by two
members of experts committee who has expertise in the fields of science and biology
education. After finalizing the scenarios, a pilot interview was conducted with an
experienced science teacher in order to see the relevance to the aim of the study,
appropriateness of the language, and sufficiency of the given information about each
issues in genetics literacy. More detailed information regarding each scenario was

presented under following headings:

3.3.2.1.1. Fetal Tissue Transplantation Scenario

This scenario consisted of an imaginary experimental procedure involving the use of fetal
tissue implantation for the treatment of Parkinson’s disease. This procedure consisted of
ethical and moral components (Bell & Lederman, 2003). In this scenario, Ahmet and
Suzan was a married couple who had two grown-up children. They did not think to have
another child but Suzan finds out that she is pregnant. Meanwhile, the couple learnt that
Suzan’s father has Parkinson disease. They found out that Suzan’s father disease can be
slowed and possibly reversed by implanting fetal brain cells. Five questions related to
experimental nature of procedure, donation of fetal tissue for transplantation, using fetus
in terms of providing a source of tissue for transplantation and whether doctor be allowed
to continue his work on fetal brain tissue transplantation were asked to participants. The
Fetal Tissue Transplantation Scenario was presented in Appendix I.1.

3.3.2.1.2. Cystic Fibrosis Scenario

This scenario consisted of short description of Cystic Fibrosis disease and presents
information about symptoms of disease as being autosomal recessive trait and being fatal
at a certain age. Then, two possible gene therapy methods for treatment of disease were

briefly explained. After this brief description and possible gene therapy methods, a
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vignette was presented regarding an imaginary couple whose brothers with Cystic Fibrosis
disease found out that they would have a baby (Zohar & Nemet, 2002). Participants were
asked to answer a series of questions based on the information presented in the scenario.
The questions were related to whether to abort or not abort the fetus without having a
genetic test to determine the disease and whether to abort or not abort the fetus after
learning genetic testing results. The Cystic Fibrosis scenario was presented in Appendix
1.2.

3.3.3.4.3. Huntington Disease Scenario

This case consisted of short description of Huntington disease and presents information
about disease as being dominant trait and symptoms of disease which are not seen until
adulthood. Unlike previous scenario, any possible gene therapy methods for treatment of
disease were presented. After this brief information, a vignette about a pregnant woman
named Lale whose father was diagnosed with Huntington disease was presented (Zohar
& Nemet, 2002). Participants were asked to answer a series of questions based on the
information presented in the scenario. The questions were related to whether to abort or
not abort the fetus, the difference between the Huntington diseases and other diseases
whish the symptoms begin at birth, and the sufferings that patients will face. The

Huntington disease scenario was presented in Appendix 1.3.
3.3.4.4. Gene Therapy Scenario

This scenario consisted of two vignettes related to germ-line gene therapy as a specific
application of gene therapy. The first vignette was related with Huntington disease and
use of germ-line therapy for the treatment of this fatal disease. The second vignette was
related to the use of germ-line gene therapy for increasing intelligence of human offspring.
Both vignettes were developed by Sadler and Zeidler (2004). Participants were asked
whether they approve or not use of gene therapy in each context. Then, a series of follow
up questions were asked to elicit participants’ positions and rationales while making
decisions regarding issue presented. In addition, participants’ opinions about whether the

gene therapy in each vignette is subject to any kind of moral rules and principles were
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asked. Lastly, two more follow up questions about participants’ concerns regarding gene
therapy and technological issues. The Gene Therapy Scenario was presented in Appendix
1.4.

3.4. Data Collection

Data collection procedure comprised of quantitative and qualitative part of study for
examining middle school science teachers’ genetics literacy levels, their attitudes towards
issues in genetics literacy and their perceptions of teaching issues in genetics literacy as
well as the factors that influence science teachers’ decision making process. Before data
collection procedure, required permission from Ethical Committee of Middle East
Technical University and from Ministry of National Education were obtained in order to
administer the instruments and interview protocols (see Appendix B and C for approvals
of Ethical Committee of Middle East Technical University and Ministry of National
Education). Both quantitative and qualitative data were collected throughout two
semesters (2012-2013 Fall and Spring). In following part, quantitative and qualitative data
collection stages will be explained respectively.

For quantitative part of study, the schools were selected randomly from 6 districts of
Ankara. A total of 200 middle schools in Ankara were visited, and the aim of study was
briefly explained to the school administrator and science teachers by researcher. It was
also, noted that the participants’ names and responses would be kept concealed. Then, the
instruments namely Genetics Literacy Assessment Inventory, Attitudes towards Issues in
genetics literacy Scale and Personal Teaching Issues in genetics literacy Scale were
administrated to the 435 voluntary participating science teachers. Each participant signed
a consent form before completing instruments and participating semi-structured
interviews confirming voluntary participation in the study. The informed consent form
was given in Appendix D. During the administration of the instruments; no specific

problems were encountered.

For qualitative of study, the semi-structured interviews were conducted with each

participant who completed the instruments by researcher. The teachers being interviewed
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voluntarily participated in the study. The semi-structured interviews were carried out in
appropriate places such as the school laboratory or school library of teacher depending on
the teachers’ schedule. Before, each interview process, the researcher briefly explained
the aim of the interview. Teachers’ further questions regarding scenarios were explained
during the interview. The researcher did not reveal her personal opinion about scenarios
and tried to not direct and affect participants’ opinions about scenarios. Only one interview
was conducted in one day in order to prevent researcher’s fatigue. The length of interviews
ranged from 45 minutes to 75 minutes. At the beginning of the interview, all the scenarios
were presented in written format to the participants in order to look at, examine and read
any time that they wanted. At the beginning of each interview, teachers were asked about
their teaching profession and school information. The gathered information about teaching
profession and school information served as warm-up questions and were used for
describing participants’ characteristics. All the teachers participating in the interviews

were interviewed separately.

Each interview session was audio-taped after taking required permission from the
participants. Only three of the interviews were not audio-recorded based on teacher’s
request. Lincoln and Guba (1985) suggested taking handwritten notes during the
interviews when recording the interview is not possible. Even the researcher could not
note everything, the researcher can interpolate the questions and comments (p. 272).
Therefore, the researcher took hand written notes during these three interviews and asked
additional questions to clarify her understanding. In addition, she reviewed the hand
written notes with the participants. She read her notes aloud after each scenario, and asked
the participants whether her notes were in accordance with their thoughts. Additional
notes were taken, if required. This process was repeated after each scenario in order to
prevent the misunderstandings and possible forgetfulness of both researcher and the

participant.
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3.5. Data Analysis

The present study was designed as mixed method research design. Thus, both qualitative
and quantitative methods were utilized in analyzing data. First, quantitative data analysis
procedure including the analysis techniques used in pilot and main study were explained
in detail. Then, qualitative data analysis methods including constant comparative method
and open coding procedure was explained. Lastly, development of qualitative code book,
description of the categories and codes in code book and sample excerpts for categories

and codes are provided in following were provided in following sections.

3.5.1. Quantitative Data Analysis

For quantitative analysis, initially ITEMAN analyses results and confirmatory factor
analysis results for Genetics Literacy Assessment Inventory, confirmatory factor analysis
results for Attitudes towards Genetic Literacy Issues Scale in pilot and main study, and
explanatory and confirmatory factor analysis results Perceptions of Teaching Issues in
genetics literacy Scales in pilot and main study were examined. In addition, Cronbach
alpha coefficients for each scale were calculated for ensuring internal validity of scales.
Then, descriptive results for the GLAI, ATGLS and PTGLIS were examined. To be more
specific, percentages, mean, range, standard deviation, minimum, maximum, skewness
and kurtosis values were used as descriptive statistics to describe the sample as a
result of teachers’ demographic information scale, GLAI, ATGLS and PTGLIS. For
inferential statistics, canonical correlation analysis (CCA) was used in order to investigate
the relationship among teachers’ background characteristics, genetics literacy levels, their
attitudes towards various issues in genetics literacy and their perceptions. Before
conducting confirmatory factor analysis, preliminary assumptions (linearity, multivariate
normality, multicollinearity and singularity) as suggested by Tabachnick and Fidell (2013)
were checked for any violation of assumptions underlying canonical correlation analysis.

Data were analyzed by using IBM SPSS Statistics version 22.0 for Windows.
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3.5.2. Qualitative Data Analysis

For qualitative part of study, constant comparative method was used (Glaser & Strauss,
1967). As a data analysis procedure open coding procedure which includes description
and explanation of categories by using constant comparisons and integration of these
categories for explaining underlying theory was used in present study (Lincoln & Guba,
1985). Miles and Huberman (1994) suggested “counting” as an interpretation technique
of qualitative data. In counting, the theme or pattern are identified and expressed in
numerical form indicating “the number of time” and “consistency”. Thus, the researcher
can make generalization by interpreting which patterns are more “frequent” than the others
or decide which pattern is more “important” or “significant” than others by making
comparisons (p. 253). As the presented study aimed to investigate which factors are more
influential on participants’ decision making process, frequency table was constructed and

interpreted.

Miles and Huberman (1994) suggested using a “provisional start list” of codes which
come from conceptual framework prior to field work (p. 58). Using a qualitative code
book that consists of predetermined codes enables multiple researchers that code different
transcripts as Creswell (2007) indicated. Thus, the previous studies that investigated
similar topics were reviewed and a qualitative code book was developed (Bell, 1999; Bell
& Lederman, 2003; Sadler, 2004a; Sadler & Zeidler, 2004a; 2004b; Sadler, 2003; Topcu,
2008; van de Zande et al. 2010; Zeidler, Sadler, Simmomn, & Howe, 2005; Zohar &
Nemet, 2002). After the development of coding book, codes were revised as the interviews
continued. The categories and codes used for data analysis and sample experts are

presented in following section.

3.5.2.1. Description of categories and codes in code book

The description of categories namely, personal experiences, socio-cultural, emotive,
religious, economic, technological, moral/ethical, value, socio-psychological, political,
and legal considerations, family bias, pop culture, need more information, support of

science and others, as well as description of codes were constructed based on the related
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literature (Bell, 1999; Bell & Lederman, 2003; Sadler, 2004a; Sadler & Zeidler, 20044;
2004b; Sadler, 2003; Topcu, 2008; van de Zande et al. 2010; Zeidler, Sadler, Simmomn,
& Howe, 2005; Zohar & Nemet, 2002). Description of categories and codes is presented
in Table 3.30.
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Table 3.30

Description of codes and categories that influence science teachers’ decision making process

Themes

Codes

Code Descriptions

Personal experiences

Having own child
Having a relative

Participants use their previous experiences in interpreting the
scenarios articulated.

Socio-cultural
considerations

Turkish culture,

Turkish traditional family

structure,
Turkish customs

Concerns regarding the Turkish social and cultural family structure.

Emotive considerations

Sympathy, empathy

Participants’ reactions such as empathy, sympathy towards fictions
characters in the scenarios.

Religious
considerations

Faith, God, religion

Participants use their religious understanding in interpreting use of
genetic technologies.

Economic
considerations

Financial issues (wealth-
poverty, expenses of
genetic application)

Concerns regarding the accessibility of gene therapies. For
example, while poor people cannot afford to use these therapies,
rich people can afford the applications.

Technological
considerations

Credibility
Side effects
Risk factors
Malicious use

Concerns regarding the role of technology /technicians in the
development and use of new genetic technologies.
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Table 3.30 (Continued)

Themes

Codes

Code Descriptions

Moral considerations

Taking human life

Concern regarding status of an embryo as a human being therefore
sacrificing embryos violates a principle taking human life

Means to an end

Concerns regarding use of embryos as resources or tools

Disturbing natural order

Concerns regarding the applications of genetics alter natural
process.

Health improvement

Statements that emphasize improvement in the health of individuals

Social stratification

Concerns regarding that use of genetic technologies may segregate
a population by creating classes of “genetic haves” and “genetic
have nots”

Slippery slope

Concerns that permitting the application of genetics technologies in
one acceptable context would lead to the use of that technology in
unacceptable contexts.

Societal betterment

Statements that imply the use of genetic technologies will improve
society overall.

Diversity

Statements that indicate participants’ concerns about the genetics
application will reduce the diversity thus will cause erosion of
diversity
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Table 3.30 (Continued)

Themes

Codes

Code Descriptions

Value considerations

Informed consent of family

Statements that indicate informing the family about the possible
consequences of treatment before any kind of genetic application

Patients/fetus’ rights/right
to live

Statements that indicate the fetus/embryo has right to live or
patients also have a right to say about their future.

Parents’ rights/decisions/
responsibility

Statements that indicate that as fetus does not have right, it is
parents’ responsibility to decide whether to abort or not abort fetus.

Socio-psychological
considerations

Suffering, child-care
Cope with difficulties,
pain, etc.

Statements that indicate the difficulties that families will face when
raising the child as well as the problems that patients will face such
as sufferings, care problems etc.

Political considerations

Government policies,
politics

Concerns regarding who will have access to these technologies,
who will decide and the role of governments in development and
use of these genetic technologies

Legal considerations

Standards in genetic
application,

Legal regulations and
limitations

Statements that include the legal regulations or standard which
organize the application of these genetic literacy issues

Family bias

The position change in
ideas if the situation
involved themselves or
family members

Participants articulate their decisions but also suggested that their
positions would change if the situation involved themselves or their
family members.
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Table 3.30 (Continued)

Themes

Codes

Code Descriptions

Pop culture

Information provided in the
media

Films, documentaries and the media that influenced participants’
decisions.

Support of science

Scientific developments,
progress in science
progress and developments
in genetics

Statements that indicate participants’ ideas about the importance of
development of scientific research (e.g., the role of experimental
studies in scientific developments)

Miscellaneous

Change in participant’s
ideas over time

Participants make decisions but they also indicate that their
response may change during time

Birth control

Participants’ suggestions about use of birth control methods
avoiding pregnancy

Alternative treatment
methods

Participants’ suggestions about treatment options that can be
alternative to proposed method in scenario which does not harm the
fetus

Need more information

Participants who asked additional information in order to decide
and support his positions
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Table 3.30 (Continued)

Themes

Codes

Code Descriptions

Miscellaneous
(Continued)

2-edged sword

Difficulties/dilemmas in making decisions that participants faced
when articulating their decisions related to a particular genetics
application.

Uncertainty

Participants’ statements that indicated that there is uncertainty in all
genetics applications and life itself as well.

Nature of disease

Participants’ statements that indicate their decisions will chance
based on the characteristics or seriousness of disease.




3.5.2.2. Sample quotations illustrating the codes and categories

After the development of codebook, sample quotations for each themes and codes were
provided in Table 3.31.
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Table 3.31

The sample excerpts regarding categories and codes of factors that influence science teachers’ decision making process

Themes

Codes

Sample Excerpts

Personal experiences

Having own child
Having a relative

“I can give a specific example from my family. One of my
relatives had similar symptoms to Huntington's disease.
Specifically, my grandfather had similar symptoms during the last
stages of cancer. Even a healthy man can experience similar
symptoms to Huntington's disease. Therefore, Lale should not abort
the fetus by considering the severe symptoms alone.

Socio-cultural
considerations

Turkish culture,

Turkish traditional family
structure,

Turkish customs

“When we consider Turkish customs and traditions, family
members take care of the sick and old people. Thus, Lale should
not abort the fetus simply by considering who will take care of her
or her children when she is sick.”

Emotive considerations

Sympathy, empathy

“It is a very interesting case [Fetal Tissue Transplantation]... What
would I do if it happened to me? | really do not know. The case
affected me deeply.”

Religious
considerations

Faith, God, religion

“This method [regarding Fetal Tissue Transplantation] contradicts
with my religious beliefs. | believe that aborting a fetus is a sin.
Thus, | think this method should not be applied.”

Economic
considerations

Financial issues (wealth-
poverty, expenses of
genetic application)

“I think it would definitely be expensive to have gene therapy.
Meaning, only rich people could afford it whereas poor people
could not, and this would create economic stratification in society.”
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Table 3.31 (Cont.)

Themes Codes Sample Excerpts
Credibility “I am concerned about who would be tampering with genes, and |
consider this risky. I mean, are the people who would apply genetic
applications dependable and trustworthy?”
Side effects “My biggest concern is whether there might be any side effects to

Technological
considerations

interfering with human genes? Or might it trigger unforeseen
problems. You are inferring with someone’s DNA, after all.”

Risk factors

“The very existence of risk factor concerns me a lot. In addition to
other factors, altering genes itself includes risk. For instance, is it
possible to alter one gene without affecting the other genes? These
kinds of questions give cause for concern.”

Malicious use

“Gene therapy applications could be misused by the doctors or
genetic scientists who develop (apply) these applications. For
instance, they thought they would be making a massive
contribution to science when they invented the atomic bomb but
instead it is used for the massive destruction of a country.”

Moral considerations

Taking human life

“In the scenario, we would be destroying a living thing. When I
abort the fetus intentionally, | terminate its life. Thus, I believe that
fetal tissue transplantation should be the last method to conduct
research”

Means to an end

“In the case of fetal tissue transplantation, using fetal tissues is not
ethical. Creating an embryo and using its tissues is unacceptable.
Some women might even get pregnant intentionally simply to
provide brain tissues for this application.”
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Table 3.31 (Cont.)

Themes

Codes

Sample Excerpts

Moral considerations
(Continued)

Disrupting natural order

“I would disagree with the use of gene therapy for altering the
genes of an ordinary child. It would disturb the natural order. This
practice is an affront to human dignity.”

Health improvement

“As Parkinson's disease is fatal, and there is no treatment option
other than fetal tissue transplantation at that moment, | would allow
the application even it was an experimental trial.”

Social stratification

“If gene therapy were to be used for increasing human intelligence,
then, there would be some kind of genetic stratification in the form
of people whose genes are altered and others whose genes are not.

Those people whose genes are altered through gene therapy would
be one step ahead of ordinary people.”

Slippery slope

“l am concerned about using gene therapy for the purpose of
determining sex, hair color or eye color of a baby. Using this
method for determining sex, hair color or eye color of a child is
morally unacceptable.”

Societal betterment

“I would support the use of gene therapy if it is applicable to the
entire human being all over the world. | do not see any harm in
making someone more intelligent.”

Diversity

“We should not destroy the existing heterogeneity in society. If the
intelligence of all human beings were increased, there would be an
uniform society which all the individuals resembled each other
exactly, and there would be a single type of person.”
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Table 3.31 (Cont.)

Themes

Codes

Sample Excerpts

Value considerations

Informed consent of family

“The doctors who would apply the gene therapy treatment should
inform the parents about the possible consequences of gene therapy
and the parents’ approval should be a requirement for these
applications.”

Patients/fetus’ rights/right
to live

“Rather than aborting the fetus, Lale should consider the rights of
the fetus. The fetus also has a right to live. | do not think that
parents should have any right to choose on behalf of their unborn
children.”

Parents’ rights/decisions/
responsibility

“Parents should consider all the possibilities when making
decisions about tampering with their child’s genes as this kind of
intervention is irreversible.”

Socio-psychological
considerations

Suffering, child-care
Cope with difficulties, pain,
etc.

“Raising a child with Cystic Fibrosis would be quite hard. The
child would need special needs such as physiotherapy. The parents
would need psychological support as well. These are all demanding
processes.”

Political considerations

Government policies,
politics

“I wonder how the governments would react to the use gene
therapy for the purpose of increasing intelligence. It is a known fact
that intelligent people are not easy to manage. Governments,
however, desire easily manipulated people. Thus, it would be
politically expedient for governments to prevent the development
of gene therapy applications.”
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Table 3.31 (Cont.)

Themes Codes Sample Excerpts
Legal considerations Standards in genetic “Gene therapy applications should be carried out consciously and
application, in an organized fashion. Therefore, legal regulations are strongly

Legal regulations and
limitations

needed.”

Family bias

The position change in
ideas if the situation
involved themselves or
family members

“I believe that Lale should abort the fetus. It was easy for me to
make a decision about Lale. But what would happen if it happened
to me? | would definitely feel differently it were me dealing with
this kind of decision”

Need more information

Additional information

“I exactly need to know how many weeks pregnant Lale is in order
to decide. | mean, it is immoral to abort an eight-month-old fetus.”

Pop culture

Information provided in the
media

“We always watch science fiction films about mutant creatures on
TV. The possibility of creating mutant creatures in real life makes
me concerned a lot.”

Support of science

Scientific developments,
progress in science
progress and developments
in genetics

“I think that studies on fetal tissue transplantation should be
continued. There is no treatment for Parkinson's disease at the
moment. If these studies on fetal tissues would provide a treatment
for Parkinson disease, empirical studies using fetal tissue should
continue. Empirical findings might eventually provide a treatment
for Parkinson's. Scientific research advances through new empirical
findings.”
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Table 3.31 (Cont.)

Themes

Codes

Sample Excerpts

Miscellaneous

Change in participant’s
ideas over time

“If the questions related to fetal tissue transplantation were asked
ten years later my answers might be totally different because our
ideas are continually changing over time.”

Birth control

“In the Huntington's disease scenario, Lale should have used birth
control instead of considering abortion as an option. She should not
have gotten pregnant to begin with.”

Alternative treatment
methods

“I think such research studies as Fetal Tissue Transplantation can
be conducted in different ways. For instance, using stem cells or
umbilical-cord might be alternative options for the treatment of
Parkinson's disease. We do not have to use fetal tissue.”

2-edged sword

“I am undecided on this scenario [Fetal Tissue Transplantation]. On
the one hand, there is a treatment for Parkinson's disease. On the
other hand, there is a living fetus. It is confusing. | could not decide
whether using a fetus to develop a treatment of Parkinson's disease
is acceptable or not.”

Uncertainty

“I could not decide whether to abort or abort the fetus [regarding
Fetal Tissue Transplantation]”.

“It is so difficult to answer this question fetus [regarding Fetal
Tissue Transplantation].”
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Table 3.31 (Cont.)

Themes

Codes

Sample Excerpts

Miscellaneous
(Cont.)

Nature of disease

“In the case of Cystic Fibrosis, there are ongoing research studies
that are investigating the treatment of Cystic Fibrosis. But, in the
case of Huntington's disease there are no research studies for its
treatment. While there is a possibility of developing a treatment for
Cystic Fibrosis, there is not any hope for patients with Huntington's
disease yet. Thus, I believe that Lale [in Huntington's disease]
should consider getting an abortion but Reyhan [in Cystic Fibrosis]
should not abort the fetus.”




3.6. Trustworthiness of study

The trustworthiness of qualitative studies was reflected by the extent the researcher
persuades the readers of the study about the validity and the reliability of the findings
(Lincoln & Guba, 1985; Yildirim, & Simsek, 2008). According to Merriam (1992),
reliability and validity issues are main concerns of qualitative studies that needs to be
addressed. In addition, conducting study in ethical manner is considered as another
concern (p. 212). Thus, reliability, validity and ethical issues were checked for
ensuring trustworthiness of present study. This section is divided into three parts as

validity of study, reliability of study and ethical issues.

3.6.1. Validity of the study

Internal validity refers to the match between the findings of the study and the reality
(Merriam, 1992; p. 201). Accuracy of the findings should be ensured by employing
multiple strategies as Creswell (2007) indicted. Thus, multiple strategies were
employed in present study. The first strategy used was “Peer examination” proposed
by Merriam (1998; p. 204). In this strategy, another researcher reviews and comments
on the qualitative study (Creswell, 2007; p. 192). For ensuring this, another researcher
in science education reviewed the codes as they emerged and gave feedbacks while
developing codebook in present study. The second strategy was providing detailed
descriptions of the settings to the readers which was known as using “rich, thick
descriptions” (Creswell, 2007; Merriam, 1992). For ensuring this, a detailed
information about the cases being investigated was provided to the participants in this
study. Another strategy used in this study was “multisite designs”. In this strategy, the
researcher uses several cases or situations for maximizing the diversity in explaining
the issues being investigated (Merriam, 1992; p. 212). Thus, four different cases were
used in present study in order to increase the diversity in explaining the participants’
decisions. Lastly, clarifying “researcher’s biases” strategy was used. In this strategy,
the researcher’s position on research site and assumptions are clarifies for preventing
biases that researcher bring to the study (Creswell, 2007; Merriam, 1992). Since the

researcher is also considered as an instrument in qualitative study (Marshall and
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Rossman, 2006; p. 72), it is important to clary her position in this study. For preventing
researcher biases in research setting, the researcher firstly, explained her role before
data collection. In addition, all the interviews were conducted by the same researcher.
Lastly, tape recorder was used in order to analyze and interpret data without

influencing original data itself.

3.6.2. Reliability of the study

Reliability of qualitative research can be described as consistency of researcher’s
inferences over time, location and circumstances (Gibbs, 2007; Fraenkel et al. 2013).
For ensuring reliability of present study, inter-coder agreement was used (Miles &
Huberman, 1994). Inter-coder agreement in a cross-checking procedure that is based
of the agreement of two or more coders on the codes used for passages in the text
(Creswell, 2007; p. 191). While the first coder is the researcher, the second coder was
a doctoral candidate in the department of elementary education. The coders read and
coded the same data on their own. Then, they discussed the categories and codes and
a reliability analysis was performed using the followed formula by Miles and
Huberman (1994).

Reliability= number of agreements / (total number of agreements + number of

disagreements)

As a result, the inter-coder reliability was calculated as .93 which was considered as
excellent by Cichetti (1994). Also, this value was more than .80 which was desired as
cut off point by Miles and Huberman (1994). Accordingly, the inter-coder reliability

was fulfilled.
3.6.3. Ethical issues

Conducting studies in ethical manner is considered to be an important concern in both
qualitative and quantitative studies (Merriam, 1992; p. 212). Thus, before conducting
study, required permission from Ethical Committee of Middle East Technical
University and from Ministry of National Education were obtained in order to
administer the instruments and interviews (See Appendix B and Appendix C). Only
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science teachers who accepted to participate this study voluntarily and signed the
“Voluntary Participation Form” (see Appendix D) were participated in this study.
Teachers were not placed under any risk while responding the instruments of study. In
addition, any kind of deception was involved in the present study. For ensuring this,
the researcher explained her role and the aim of the study before data collection in both
qualitative and quantitative data collection procedures. Moreover, for ensuring the
privacy of these participants, their real names were not used for anonymity while
presenting the results. Furthermore, only the researcher and her advisor had
accessibility to original data and data findings for providing confidentiality of research
data.

3.7. Assumptions and Limitations of Study

It is important to present the assumptions and limitations of present study which might
affect the interpretations of results and the drawn conclusions based on the results.
Thus, firstly, the underlying assumptions of present study were presented below. Then,
the limitations which might limit the generalizability of research findings were
presented in following section.

3.7.1. Assumptions of the study

The following assumptions were made by the researcher of present study:

1. All participants’ responses to the instruments used in the present study
including their responses to the questions in the cases used in decision making
interviews were sincere.

2. All the instruments were administrated under standard conditions.

3. There was no interaction between science teachers in the same school during
the administration of instruments.

4. The participants were ensured that their names would be kept concealed in

order to decrease any kind of pressure of personal exposure.
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5. The participants for qualitative part of study were selected purposefully based
on their teaching experiences. It was assumed that teaching experience is an
important criteria for selecting good representatives in terms of understanding

and giving diverse answers to the cases presented.

3.7.2. Limitations of the study

Some limitations regarding quantitative and qualitative part of present study were

presented below:

1. For both qualitative and quantitative part of study, only science teachers who
were volunteer were participated in present study. Thus, the number of
participants were limited to the voluntarily partition of science teachers.

2. The study was limited by its reliance on self-reported questionnaires and
trusting in the self-reported levels of the related constructs as indicated by the
science teachers.

3. The qualitative data were limited to participants’ responses, comments,
experiences and perceptions about the cases presented in the study.

4. The determined factors that influence science teachers’ decision making

processes are valid within the framework of the cases used in present study.
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CHAPTER IV

RESULTS

This chapter is divided into two sections. The first section encompasses the results of
quantitative data analyses. In the second section, the qualitative data analyses are

presented.

4.1. Results of Quantitative Analyses

In this section, descriptive and inferential statistics were presented. Firstly, descriptive
statistics regarding background characteristics, (i.e., self-perceived knowledge and
interest in genetics, source of information), teachers’ genetics literacy levels, their
attitudes towards a variety of issues in genetics literacy and their perceptions of
teaching issues in genetics literacy are presented. Then, inferential statistics including

Canonical Correlation Analysis results are given.

4.1.1. Descriptive statistics

This sub-section is divided into four parts. Descriptive statistics for background
characteristics, teachers’ genetics literacy levels, attitudes towards issues in genetics
literacy and perceptions of teaching issues in genetics literacy are presented in

following headings.

4.1.1.1. Teachers’ background characteristics

This sub-section represents the findings concerning descriptive statistics of science
teachers’ perceptions of knowledge and interest in genetics as well as the source of

information where they obtain their knowledge regarding genetic literacy issues.

4.1.1.1.1. Teachers’ self-perceived knowledge in genetics

Frequency distribution regarding self-perceived knowledge in genetics was presented
in Figure 4.1. Great majority reported themselves as “sufficiently” knowledgeable in

genetics (74.8%). While nearly a quarter of participants reported that they had “a little”
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knowledge in genetics (23.1%), a few reported having “a lot” knowledge in genetics

(1.5%). Very few (0.6%) rated them as not knowledgeable in genetics.

80 - 74.8
70 A

60 -

50 1

N w B
o o o
1 1

Percentages (%)

[N
o
1

0.6 15

Eeeaee

not at all a little sufficently alot
Self-perceived knowledge in genetics

o

Figure 4. 4 Frequency distribution of self-perceived knowledge in genetics

In following part, results related to teachers’ self-perceived interest in genetics are
described.

4.1.1.1.2. Teachers’ self-perceived interest in genetics

In terms of self-perceived interest in genetics, half of the participants (50%) claimed
to have “a little” of interest in genetics and 41% claimed to have “a great deal” of
interest in genetics. Whereas less than 10% reported that they were “barely” interested

in genetics (7.8%). Only 1.2% rated themselves as “not interested” in genetics (see
Figure 4.2).
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Findings regarding science teachers’ responses to source of information where they
obtain their knowledge regarding issues in genetics literacy are presented in next

section.

4.1.1.1.3. Teachers’ responses to source of information regarding issues in genetics

literacy

Participants mentioned about various source of information about genetic literacy.
Results revealed that their main sources of information were internet (92.2%),
followed by scientific journals (90.7%), television (87.3%) and university courses
(82.4%). Newspapers and magazines were also frequently mentioned (78.2%).
Relatively few identified their friends (26%) as the main source of information.
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Figure 4. 6 Frequency distribution of sources of information

In following the part, results related to science teachers’ genetics literacy levels are

presented.

4.1.1.2. Science Teachers’ genetics literacy levels

In this part, science teachers’ genetics literacy levels with respect to the dimensions
of GLAI is presented. Means, standard deviations and percentages of correct answers
to the questions are given in Table 4.32.
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Table 4. 32

Descriptive Statistics of GLAI

Dimension Total item Mean Standard % of
number (M)  deviation participants with
(SD) the correct

answer
Nature of the Genetic Material 7 4.30 1.48 50.11
Transmission of Genes 4 3.22 1.04 80.40
Gene Expression 4 1.47 0.98 49.04
Gene Regulation 4 2.04 1.18 50.98
Evolution 4 1.32 1.03 33.05
Genetics &Society 6 2.81 1.46 40.49
Total 29 15.16 4.54

Of a possible 29 correct responses on the Inventory, science teachers attained a mean
score of 15.16 (SD= 4.06) which means that they answered correctly slightly more
than half of the questions presented in the Inventory, indicating a moderate level of
genetic literacy. Specifically, majority of teachers (80%) correctly responded to the
questions in transmission of genes dimension implying that they are quite
knowledgeable in concepts related to Mendelian pattern of inheritance and meiosis.
Half of teachers responded correctly to the questions in nature of genetic material,
gene regulation and gene expression dimensions (51%, 50% and 49% respectively)
indicating they are moderately knowledgeable in the concepts such as properties of
DNA, DNA-gene-chromosome interactions, gene activity and description of genetic
variation, Functions of genes in protein synthesis, multiple genes, and disorders
associated with multiple genes as well as the concepts regarding gene regulation such
as genetic variations and turn-on and turn-of genes. On the other hand, less than half
(40%) correctly answered the questions in genetics and society dimension. Teachers
are found to be less knowledgeable in relationships among science, ethic and genetics
concerns, current-future applications of genetics and genetics technologies when

compared to the other dimensions. Slightly more than a quarter (33%), on the other
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hand, correctly responded to the questions in evolution dimension. They had difficulty
in understanding of concepts related to evolution and the role of genetic variation in
evolution as well as in human ethnic groups as measured by the Inventory (See Table
4.1).

In following the part, descriptive statistics related to teachers’ attitudes towards

issues in genetics literacy are given.

4.1.1.3. Science teachers’ attitudes towards issues in genetics literacy

In this part, descriptive statistics related to teachers’ attitudes towards various issues
in genetics literacy, namely, general attitude, use of genetic information, abortion, pre-
implementation genetic diagnosis, gene therapy and gene therapy applications are
given respectively. Descriptive statistics regarding general attitude towards genetics
applications, use of genetic information, abortion, pre-implementation genetic
diagnosis, gene therapy and specific applications of gene therapy with respect to the

total sample were presented in Table 4.33.

Table 4.33

Descriptive statistics for issues in genetics literacy scale

Dimension Likert Scale Type M SD
General attitude 5 point 3.28 .40
Use of genetic information 5 point 242 .81
Abortion 3 point 195 .67
Pre-Implementation Genetic Diagnosis 3 point 1.67 .69
Gene Therapy 4 point 2.25 .67
Gene Therapy Applications 5 point 1.89 .80

Considering multiple Likert scale format, science teachers’ mean scores indicated a
wide range of approaches to attitudes towards Issues in Genetics Literacy. For
instance, while teachers mainly remained undecided in general attitude and use of

genetic information dimensions, they agreed on abortion and use of pre-
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implementation genetic diagnosis in some cases such as mental disability. Participants’

ideas in each dimension were explored in details below.

4.1.1.3.1. Science teachers’ general attitudes

While analyzing data in attitude scale and perception scale, all strongly agree and agree
categories are collapsed into one category of agree and strongly disagree and disagree
categories are elected to disagree category. Moreover, the mean score between 2.5 and
3.25 indicated little persuasion about the statements showing personal involvement in
issues regarding genetics literacy. Teachers’ responses to general attitude dimension
revealed that participants, in general, remained uncommitted to many items presented
(M= 3.28, SD=0.40). For instance, around 30% of participants were remained unsure
about interfering people’s genes, prohibition of changing genes as it is tampering with
the nature and the benefits of research into human genes. Even they remained neutral
to the items regarding changing genes, a vast majority appeared to believe in benefits
of modern science (96%) and disagreed with the idea of benefits of modern genetics
are exaggerated (63.8%). They also agreed on that genetic treatments will reduce
human suffering (83.6%). A vast majority supported that idea that scientists should
look for genetic cures (81.4%). While many teachers remained hesitant about changing
genes, more than half agreed that it is better to cure illness without changing genes
(57.3%) and facilities should be provided for disabled people instead of changing their
genes (54.4%). They, however, disagreed that it would be better if we did not know to
change people’s genes at all (55.4%). On the other hand, more than half of teachers
reported they are unaware of the impact of modern genetics on society (52.6%).
Majority disagreed on the allowance of new genetic treatments on children (75.8%).
The frequency distribution of teachers’ responses to each item in general attitude

dimension was given in Table 4.34.
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Table 4.34

The frequency distribution of teachers’ responses regarding general attitude

Item General attitude items Percentage

no SO D U A SA

1 We believe too often in science and not 15.9 359 154 244 85
enough in feelings and faith

2 Overall, modern science does more harm 40.2 460 76 46 16
than good

3 Research into human genes will do more 317 43.0 143 83 28
harm than good

4 Many of the claims about the benefits of 17.6 46.2 195 147 1.8
modern genetic science are greatly
exaggerated

5 Nobody really knows what impact modern 5.1 241 18.2 434 9.2
genetic science will have on society.

6 Genetic treatments for illness willdoalot 1.4 30 119 478 358
to reduce human suffering
Changing a person’s genes is too risky, 2.1 154 404 30.6 11.5
whatever the benefit might be

8 It is better to try to cure illness without 2.3 149 255 405 16.8
changing people’s genes

9 That in the end, research into human genes 3.9 154 30.1 40.0 122
will do more to help us than to harm us

10 It would be better if we did not know to 225 429 234 74 3.7
change people’s genes at all

11 We should never interfere with people’s 9.2 446 285 11.7 6.0

genes

143



Table 4.34 (Continued)

Item General attitude items Percentage
no SD D U A SA
12 Scientists should not look for genetic cures 29.7 51.7 9.0 6.2 3.4

because the  world become  too

overpopulated

13 Changing genes should be forbidden asitis 16.8 37.7 27.6 124 55
tampering with nature

14  That rather than change the genes of 4.4 21.6 195 37.2 17.2
disabled people we should provide facilities
to make life easier for them

15 It should be allowed to test new genetic 47.1 28.7 143 6.0 3.9

treatments on children

Note: SD= strongly disagree; D=disagree; U=undecided; A=agree; SA=strongly
agree

In following the part, descriptive statistics related to teachers’ attitudes towards the use

of genetic information are presented.

4.3.1.3.2. Descriptive statistics for teachers’ attitudes towards the use of genetic

information

In a 5-point scale, relatively low mean score (M= 2.42) obtained by teachers, implying
their unfavorable attitudes towards the use of genetic information by different
stakeholders such as insurance companies, employers or other authorities. Particularly,
participants generally refused the idea that insurance companies should use genetic
test results to accept or refuse people’s life insurances and that the employer should
have the right to see the genetic test results of employees (69.1%). Similarly, a vast
majority disagreed on the idea that the employer should have the right to see the result
of genetic tests (75.6%) and that the employer should have a right to make job
applicants to have a test (78.3%). They, however, agreed on the issue that the employer
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should have a right to make job applicants to have a test to see if they are particularly
sensitive to any substances like chemicals that they may be exposed in workplace.
Frequency distribution of teachers’ responses to the items in use of genetic information

dimension is depicted in Table 4.35.

Table 4. 35

The frequency distribution of teachers’ responses regarding use of genetic information

Item Use of genetic information item Percentages
no SD D U A SA
1 Genetic tests should be used by insurance 37.2 319 14.7 11.7 44

companies to accept or refuse people for

life insurance policies

2 The employer should have the right to see 40.4 352 10.8 10.1 34
the result of this test

3 The employer should have the right to 40.0 38.3 117 7.1 28
make job applicants to have a test

4 The employer should have the right to 9.2 9.0 138 50.1 17.9
make job applicants to have a test to see if
they are particularly sensitive to chemicals

that may be used in the workplace

Note: SD= strongly disagree; D=disagree; U=undecided; A=agree; SA=strongly agree

In following the part, descriptive statistics related to teachers’ attitudes towards
abortion and pre-implementation genetic diagnosis are presented.

4.3.1.3.3. Descriptive statistics for teachers’ attitudes towards abortion and pre-

implementation genetic diagnosis

Participants’ attitudes towards abortion and pre-implementation genetic diagnosis
were explored by through cases related to severe medical conditions. In a 3-point
Likert scale, teachers obtained a mean score of 1.95 (SD=.67) indicating that abortion

“sometimes” should be a legal right for women. Their attitudes towards abortion,
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however, changed depending on the seriousness of the medical condition under
consideration. For instance, while that they agreed that abortion should be legal right
if the fetus was very likely to be born with a severe mental disability and be born with
physical disability and would never be able to live an independent life (79.2% and
75.3% respectively). More than half of the participants, however disagreed with
abortion if the child would be healthy but never grew taller than an eight-year-old. In
similar manner, nearly half of the participants were opposed abortion if the child was
very likely to be born with a condition that meant it would live in good health but then
would die in its 20s or 30s (37.1%) (See, Table 4.36).
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Table 4.36

The frequency distribution of teachers’ responses regarding abortion

It would be always right for the woman to have a legal abortion if the child was very likely to... (Do you think it Percentage

would be right or not for the woman to have a legal abortion... ) AR SR NR
Be born with a serious mental disability and would never be able to live an independent life 59.1 20.1 20.8
Be born with a physical disability and would never be able to live an independent life 423 33.0 247
Be born with a condition that meant it would live in good health but then would die in its 20s or 30s 27.8 351 37.1
Be healthy but never grow taller than an eight year old. 204 27.7 519

Note: AR=Always right; SR=sometimes right; NR= never right



Teachers’ opinions about Pre-Implementation Genetic Diagnosis (PGD) revealed that
they “sometimes” agreed on the use of PGD (M= 1.67, SD=.69). While vast majority
indicated their willingness to use PGD in severe mental and physical disability (84.2%
and 82.9% respectively), slightly less than half (22%) opposed to use of PGD in case
of having a child which was very likely to live a good health but then would die in its
20s or 30s. Likewise, more than a quarter (31%) disagreed on the use of PGD in case
of having a child that would be healthy, but never grow taller than an eight year old
(see Table 4.37). Overall, their attitudes changed depending on the seriousness of the

medical condition under consideration.
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Table 4. 37

The frequency distribution of teachers’ responses regarding pre-implementation genetic diagnosis

There is another way in which couples can try to avoid having a child with a serious medical condition. The woman's
eggs are fertilized outside her body with her partner's sperm and genetically tested. Only eggs without the condition

Percentage
are put back, and may then grow into a baby. Suppose it was likely that a couple would have a child...
Do you think it would be right or not right for them to have this sort of treatment? AR SR NR
with a serious mental disability 65.9 18.3 15.8
with a serious physical disability 60.4 225 17.1
which would give a good health but then would die in its 20s or 30st 48.2 29.8 220
which would be healthy but never grow taller than an eight-year-old 422 268 310

Note: AR=Always right; SR=sometimes right; NR=never right



4.3.1.3.4. Descriptive statistics for teachers’ attitudes towards gene therapy

Teachers’ ideas about gene therapy were also explored through different cases. Their
responses to these cases revealed that gene therapy should be used in some cases. For
instance, vast majority thought that gene therapy should be used in cases such as heart
disease, breast cancer, having schizophrenia, making a person average weight rather
than overweight, making a person less aggressive or violent (see Table 4.38). They,
on the other hand, were against to the use of gene therapy for determining the sex of
an unborn baby, and making someone more intelligent or taller/shorter as well as
making someone to have full hair rather than being bald. While half of participants
agreed on the use of gene therapy to make a person straight rather than gay or lesbian,
the other half were opposed the idea (51.5% and 48.5%, respectively).

Table 4. 38

The frequency distribution of teachers’ responses regarding gene therapy

Suppose it was discovered that a person’s genes could

be changed. Do you think this should be allowed to or Percentage

not allowed to... DA PA PNA DNA
Make a person taller or shorter 11.7 340 209 334
Make a person more intelligent 21.2 30.3 20.2 283
Make a person straight rather than gay or leshian 26.2 314 228 19.6
Make a person’s chance of getting heart disease 524 338 78 6.0
Decrease a person’s risk of getting breast cancer 59.1 292 6.2 55
Make a person average weight, rather than very 35.2 353 147 147
overweight

Determine the sex of an unborn baby 9.2 198 17.2 538
To give someone a full of hair rather than being bald 189 30.3 211 29.6
To stop someone having schizophrenia 60.9 269 81 4.1
To make them less aggressive or violent 328 315 163 17.2

Note: DA=definitely allowed; PA= probably allowed; PNA=probably not allowed:;
DNA=definitely not allowed
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4.3.1.3.5. Descriptive statistics for teachers’ attitudes towards gene therapy

applications

In this part, participants’ opinions about specific applications of gene therapy, namely
somatic gene therapy, germ-line gene therapy and in-utero gene therapy were explored
by using cases related to heart disease, cystic fibrosis and baldness. While participants
agreed on the use of specific applications of gene therapy in heart disease and cystic
fibrosis cases, they opposed to using these applications in baldness case (see Table
4.39).
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Table 4. 39

The frequency distribution of teachers’ responses regarding specific applications of gene therapy

Somatic Gene Therapy

Suppose it was discovered changing someone’s genes by giving them injection. These new genes would Percentage

not go onto any children they might later have. Do you think this should be allowed or not allowed? DA PA PNA DNA DMI
1. Someone in their 20s who has serious heart disease 57.0 289 69 44 28
2. Someone in their 20s who is bald and feels very embarrassed about it 23.7 323 227 184 3.9
3. Someone in their 20s born with cystic fibrosis. 547 262 92 34 64

Germ-line Therapy
Now, what if the new genes were passed onto their future children. Do you think this should be
allowed or not allowed?

4. To give them less chance of getting serious heart disease in their 20s 63.8 248 55. 46 11
5. So they would not go bald in their 20s 30.1 315 17.0 191 3.0
6. So they would not have cystic fibrosis 59.7 232 78 41 51

In-utero Therapy

Now suppose a person’s genes could be changed before they were born-by treatment while still in
their mother’s womb. The new genes would not be passed onto any children they later have. Do you
think this should be allowed or not allowed?

7. To give them less chance of getting serious heart disease in their 20s 646 255 53 3.0 16
8. So they would not go bald in their 20s 33.8 30.1 174 156 3.1
9. So they would not have cystic fibrosis 61.3 248 6.1 34 4.4

Note: DA=definitely allowed; PA= probably allowed; PNA=probably not allowed; DNA=definitely not allowed; DMI=it depends/needs

more information



Descriptive statistics regarding teachers’ responses to gene therapy applications,

namely, somatic, germ-line and in-utero gene therapy are presented.

4.1.1.4. Descriptive statistics for teachers’ perceptions of teaching issues in genetics

literacy

Science teachers’ perceptions of teaching issues in genetics literacy were analyzed
under three factors, namely necessity of introducing issues in genetics literacy, factors
that impede introducing issues in genetics literacy and teachers’ personal science
teaching efficacy (PSTE) beliefs regarding teaching issues in genetics literacy. Results
revealed that participating teachers tended to believe the necessity of mentioning
issues in genetics literacy in the science classes (M= 3.85, SD= .42), had moderate
sense of self-efficacy beliefs regarding teaching issues in genetics literacy (M= 3.55,
SD= .62), and acknowledged that there are same factors that prevent them teaching
these issues to students (M= 3.15, SD= .69). Descriptive statistics with respect to
teachers’ perceptions of teaching issues in genetics literacy were presented in Table

4.40.

Table 4.40

Descriptive statistics for teachers’ perceptions of teaching issues in genetics literacy

Dimension #of M  SD
items

Necessity of introducing issues in genetics literacy 8 3.85 .42

The factors that impede introducing issues in genetics literacy 5 3.15 .69

Teachers’ personal teaching efficacy regarding issues in 4 3.55 .62

genetics literacy

In following part, participants’ perceptions about the necessity of introducing issues in
genetics literacy, the factors that impede introducing issues in genetics literacy and
teachers’ personal teaching efficacy beliefs regarding teaching issues in genetics

literacy are presented in detail.
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4.1.1.4.1. Teachers’ perceptions of the necessity of introducing genetics literacy in

their classrooms

Participants’ perceptions about the necessity of introducing genetics literacy in their
classrooms were evaluated by eight items in the scale. Specifically, a great majority
believed in the importance genetics literacy as much as teaching the rest of science
topics (89.2%) and believed in genetics literacy does indeed worth the effort and time
(93.7%) (See Table 4.10). In addition, they expressed the necessity of introducing
issues in genetics literacy (79.1%). Moreover, they stressed the necessity of
inadequacy of students’ background regarding issues in genetics literacy (92.9%).
They also agreed that introducing issues in genetics literacy into science classes would
increase students’ interest in science (85.2%). They also indicated their willingness to
use materials in class related to genetics literacy if they can get (87.9%), develop
teaching and learning materials on issues in genetics literacy for their classes (81%)
and to participate in a program that helps deal with issues in genetics literacy (86.9%).
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Table 4. 41

The frequency distributions of teachers’ responses regarding perceptions of the

necessity of addressing issues in genetics literacy

Percentages
Item description SD D U A SA

| want to develop teaching and learning materials .2 5.7 13.1 484 32.6
on issues in genetics literacy for my science class

If 1 can get materials on issues in genetics literacy, - 57 64 616 26.3
| am willing to use them in class

| am willing to participate in a program that helps .7 44 80 552 31.7
deal with issues in genetics literacy.

The inadequacy of students' background inscience .5 25 4.1 56.0 36.9
regarding issues in genetics literacy needs to be

addressed.

Introducing genetic literacy issues into science .2 34 9.2 517 335
classes will increase students’ interest in these

issues.

Genetics literacy education is not as importantas 37.2 520 57 41 1.0
the rest of the science curriculum.

Genetics literacy teaching is not worth the effort 49.4 443 44 14 5
and time.

Introducing issues in genetics literacy into science 3.2 44 133 40.0 39.1

classes is definitely necessary.

Note: SD= strongly disagree; D=disagree; U=undecided; A=agree; SA=strongly

agree

4.1.1.4.2. Teachers’ perceptions of the factors that impede addressing issues in

genetics literacy in their classrooms

Teachers’ perceptions about the factors that impede addressing issues in genetics
literacy were assessed by five items in PTIGLS. Participants’ responses to the items in

this dimension revealed that teachers acknowledged the existence of some obstacles
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to addressing genetics literacy in science classes. Descriptive statistics suggested that
teachers had some difficulties in addressing issues in genetics literacy (See Table
4.42). To be more precise, a considerable proportion of participants agreed that
students are not mature enough to be interested in and understand addressing issues in
genetics literacy in science classes (55.5%). In addition, more than a quarter (36.6%)
indicated that classes dealing with issues in genetics literacy are most likely for high
achieving students. Furthermore, participants remained uncommitted about whether
dealing with genetics literacy using various teaching strategies (role plays and group
activities) is possible or not (23.2%) and whether issues in genetics literacy confuse

students about their own values (25.7%).

Table 4. 42

The frequency distributions of teachers’ responses regarding perceptions of the

factors that impede addressing issues in genetics literacy

Percentages
Item SO D U A SA
| believe that students are not mature enoughtobe 4.6 24.1 158 40.0 155

interested in and understand issues in genetics

literacy

| believe that students are barely interested in 23.0 49.2 156 9.0 3.2
issues in genetics literacy.

Classes dealing with issues in genetics literacy are 12.9 36.0 145 253 11.3
most likely to be for high achieving students

Addressing issues in genetics literacy in science 4.6 31.0 257 320 6.7
classes could confuse students about their own

values.

Dealing with issues in genetics literacy using 7.8 42.0 232 209 6.1
various teaching strategies (role plays and group

activities) is hardly possible in a “real” classroom

situation.

Note: SD= strongly disagree; D=disagree; U=undecided; A=agree; SA=strongly

agree
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4.1.1.4.3. Teachers’ perceptions of the personal teaching efficacy beliefs regarding

issues in genetics literacy

Participants’ responses to personal teaching efficacy beliefs regarding issues in
genetics literacy dimension revealed that they were not highly confident in their
abilities to teach issues in genetics literacy. For instance, a considerable proportion of
participants (42.5%) expressed a high level of uncertainty about their abilities to
develop teaching and learning materials about issues in genetics literacy. Relatively
fewer participants (33.3%) remained unsure about necessary knowledge to teach issues
in genetics literacy effectively. They, on the other hand, seemed to perceive themselves
as having sufficient understanding of issues in genetics literacy (73.6%) and having
the ability teach issues in genetics literacy as well as they did most subjects, even if
they tried hard (62.1%).

Table 4. 43

The frequency distribution of teachers’ responses regarding personal teaching

efficacy beliefs about issues in genetics literacy

Percentages
Item SO D U A SA
Even if | try very hard, | will not teach issues in 12,9 49.2 195 147 3.7

genetics literacy as well as I will most subjects.

| sufficiently understand what issues in genetics .9 41 214 572 164
literacy in science and technology is.

| have confidence in developing teaching and .2 13.3 425 356 84
learning materials about issues in genetics literacy.

| have the knowledge necessary to effectively 1.6 124 33.3 441 8.6
teach about issues in genetics literacy to my

middle school students.

Note: SD= strongly disagree; D=disagree; U=undecided; A=agree; SA=strongly

agree

In following part, inferential statistics including canonical correlation analysis results

is presented.
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4.1.2. Inferential Statistics

This part is divided into sub-parts. Firstly, the assumptions required for canonical

correlation analysis is checked. Then, the canonical analysis results are presented.

4.1.2.1. Assumptions of Canonical Correlation Analysis

In this sub-part, assumptions of canonical correlation analysis, namely, normality,
linearity, homoscedasticity, outliers, multicollinearity and singularity were checked as
Tabachnick and Fidell (2013) proposed. Firstly, the data screening for exploring
missing data patterns was performed.

4.1.2.1.1. Missing data

The data screening for exploring missing data patterns was performed with total scores
in GLAI, general attitude, use of genetic information, abortion, pre-implementation
genetic diagnosis, gene therapy and gene therapy applications, the necessity of
introducing genetics literacy, impeding factors and personal teaching efficacy
regarding issues in genetics literacy as well as the independent variables, namely,
gender, teaching experience, self-perceived knowledge and interest in genetics. Data
screening revealed that only missing cases in variable named “teaching experience”
(0.5%) in total scores as well as the independent variables (see Table J.1 in Appendix
J). Thus, the two cases were removed and the rest of analyses were performed with

remaining 435 cases.

4.1.2.1.2. Normality

Normality of data can be assessed by checking skewness and kurtosis values. In
addition, histogram with symmetrical, bell-shaped curve are assumed to be normal.
(Pallant, 2007). Thus, descriptive statistics of dependent variables namely, GLAI,
general attitude, use of genetic information, abortion, pre-implementation genetic
diagnosis, gene therapy and gene therapy applications as well as the necessity of
introducing genetics literacy, impeding factors and personal teaching efficacy
regarding issues in genetics literacy were checked. Moreover, histograms and Normal
Q-Q and P-P plots for each dependent variables were explored (See from Figures J.2.1

to Figures J.2.30 in Appendix J). The skewness and kurtosis values for each variables
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were found the between the range of +2 and -2 as Pallant (2007) suggested. The
exploration of histograms revealed the variables generally have a symmetrical and
bell-shaped curves. In addition, exploration of normal Q-Q and P-P plots showed a

reasonably straight line which suggested a normal distribution.

Table 4. 44

Descriptive statistics regarding dependent variables in the study

M SD Max Min Range Skewness Kurtosis

GLAI 15.16 454 24 0 24 -.63 .84

General attitude 3.28 40 447 160 2.87 - 47 .56

Use of genetic 242 81 5 1 4 49 .16

information

Abortion 195 67 3 1 2 21 -1.12
Pre-implementation 167 69 3 1 2 .69 -.80
genetic diagnosis

Gene therapy 225 67 4 1 3 41 -.46
Gene therapy 1.89 .80 5 1 4 1.14 1.34
applications

Necessity 385 .42 213 488 275 -.62 .89

Impeding factors 3.15 .69 5 1 4 -12 .05

Efficacy 355 .62 5 1 4 .06 10

In following part, another assumption of canonical correlation analysis, namely

linearity assumption was checked and the results are presented.

4.1.2.1.3. Linearity and homoscedasticity

Linearity is an important assumption of canonical correlation as canonical correlation
is performed on correlations that only reflects linear relationships (Tabachnick &
Fidell, 2013, p. 575). Similarly, canonical correlation analysis gives best results when
the relationships among variables are homoscedastic which means the variability in
scores for variable X should be similar at all values of variable Y (Pallant, 2007;

Tabachnick & Fidell, 2013). Both linearity and homoscedasticity assumptions can be
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checked throughout scatterplots (Pallant, 2007). Thus, scatterplots were examined for
ensuring whether these assumptions were met or not (see Figure J.3.1 to Figure 3.10
in Appendix J for residuals scatterplots). Examination of residual scatterplots revealed
most of the scores concentrated in the center. Thus, the linearity assumption is met. In
addition, it was revealed that the band enclosing the residuals is close to the width at
all values of the predicted dependent variables which means that the homoscedasticity

assumption is met.

4.1.2.1.4. Outliers

Another assumption of canonical correlation analysis is checking for outliers. Outliers
can be checked by inspecting Mahalanobis distances as Pallant (2007) suggested.
According to Thachnick and Fidell (2013), critical value of Mahalanobis distance with
four variables ata=.001 is 18.467 (p. 595). The Mahalanobis distance value calculated
in this study was found as 18.226 that did not exceed the critical value of 18.447. Thus,

no outliers were detected in present study.

4.1.2.1.5. Multicollinearity and singularity

The last assumption of canonical correlation analysis is checking multicollinearity and
singularity. While multicollinearity occurs when the variables in each set are highly
correlated (more than .7), singularity occurs when one independent variable is actually
a combination of other independent variables (Pallant, 2007; Tabachnick & Fidell,
2103) Multicollienarity assumption can be checked throughout correlations among
variables. The correlation coefficient among independent variables are presented in
Table 4.45. The correlation coefficents between variables were found to be less than
.7. In addition, multicollinarity and singularity assumptions were checked throughout
collinarity diagnostics. According to Pallant (2007), the presence of multicollinearity
can be detected if tolerance value is found to be less than .10, or VIF value is found to
be above 10. The examination of collinearity statistics revealed that there is no

multicollinearity and singularity in present data (See Table 4.46)
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Table 4. 45

The correlation coefficents among independent variables

1 2 3 4 5 6 7 8 9 10
1. GLAI 1.00
2. General attitude .10 1.0
3. Use of genetic information 065  -.36** 1.0
4. Abortion 40 220*  -.023 1.0
5. Pre-implementation genetic diagnosis .18 220** .06 422** 1.00
6. Gene therapy 52 164> -208** .226** .176**  1.00
7. Gene therapy applications 10 265**  -.057  .247** 267** 533**  1.00
8. Necessity 019 -312" 035 -186" -220" -236" -320" 1.00
9. Impeding factors 066 -251" 052  -035 -138" -092 -152" 381" 1.00
10. Teaching efficacy beliefs -030 -.181" -029 -059 -123° -169™ -232" 372" .355** 1.00
**p< 0.01

* p< 0.05



Table 4. 46

Collinarity statistics of independent variables

Variable Tolerance VIF
GLAI .958 1.022
General attitude 831 1.203
Use of genetic information 940 1.064
Abortion 773 1.294
Pre-implementation genetic diagnosis 772 1.295
Gene therapy .665 1.503
Gene therapy applications 637 1.570
Necessity .704 1.420
Impeding factors .783 1.277
Teaching efficacy beliefs 797 1.255

In following part, canonical correlation analysis results are presented.

4.1.2.2. Canonical Correlation Analysis Results

In order to examine, the nature of the independent relationships between two sets of
multiple dependent and multiple independent variables, canonical correlation analysis was
preferred over simple regression analysis, as suggested by Tabachnick and Fidell (2013).
Science teachers’ background characteristics as gender, teaching experience, self-
perceived interest and knowledge in genetics were determined as SET 1. Teachers” GLAI
scores, their attitudes towards general attitude, use of genetic information, abortion, pre-
implementation genetic diagnosis, gene therapy and gene therapy applications, and the
necessity of introducing genetics literacy, impeding factors and personal teaching efficacy

regarding genetics literacy issue were determined as SET 2.

The full model (Function 1 to 4 and Function 2 to 4) were statistically significant (Wilk’s
Lambda (A)=.670, F(40, 1590.65)= 4.436, p< .001 and Wilk’s Lambda (A)= .863, F(27,
1227.26= 2.360, p< .001, respectively). Subsequent pairs were not accounted because y?
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tests were not statistically significant (p>.05). Thus, the first to pairs of canonical variates
are accounted for significant relationships between two sets of variables. The first
canonical correlation was .50 (25% overlapping variance) and the second canonical
correlation was .32 (10% overlapping variance). Data on the first two pairs of canonical
variates were provided in Table 4.47. In detail, correlations between the variables and
the canonical variates, standardized canonical variate coefficients, within-set variance
accounted for by the canonical (percent of variance), redundancies, and canonical

correlations were presented (see Table 4.47).

With a cutoff correlation of .3, the first canonical variate was positively correlated
with gender (.30), self-perceived interest (.63) and self-perceived knowledge (.83).
Among SET 2 variables; the first canonical variate was positively related with genetics
literacy levels (.47), general attitude (.33), teachers’ perceptions of importance of teaching
issues in genetics literacy (.58), impeding factors (.55) and self-efficacy beliefs (.82); but
negatively related with gene therapy (-.33) and gene therapy applications. The first pair of
canonical variates demonstrated that female science teachers who perceived themselves
as more knowledgeable and more interested in genetics were likely to be more genetically
literate and held favorable general attitudes as well as perceived the necessity of
addressing issues in genetics literacy in their classes and perceived positive self-efficacy
beliefs about teaching genetics literacy in their classes. In addition, they perceived more
impeding factors that hinder teaching issues in genetics literacy in their classes. They,
however, were likely to held negative attitudes towards gene therapy and gene therapy

applications.

On the other hand, the second canonical variate was negatively associated with teaching
experience (-.93) and self-perceived knowledge in issues in genetics literacy (-.38).
Among SET 2 variables, the second canonical variate was positively related with teachers’
genetics literacy levels (.48), their attitudes towards abortion (.64), gene therapy (.50) and
gene therapy applications (.36). The second pair of canonical variates demonstrated that
experienced science teachers who perceived themselves knowledgeable in genetics

literacy were likely to be less genetically literate and held negative attitudes towards
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abortion, gene therapy and gene therapy applications. Besides, the percentage of variance
values revealed that the first canonical variate pair extracts 30% of variance of from set 1

and second canonical variate pair extracts 26% of variables from set 1.
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Table 4. 47

Correlations, standardized canonical coefficents, canonical correlations, percent of
variance and redundancies between background characteristics (SET 1) and genetics
literacy levels, attitudes towards issues in genetics literacy and perceptions of teaching

issues in genetics literacy (SET2) variables and their corresponding canonical variates

First canonical variate Second canonical
variate

Correlation Coefficent Correlation Coefficent
SET1
Gender .30 22 -17 -.22
Teaching experience 19 37 -.93 -.93
Self-perc. interest .63 42 -.07 .20
Self-perc. knowledge .83 12 -.38 -.23
% of variance .30 .26 Total=.56
Redundancy .07 .02 Total=.09
SET 2
GLAI A7 33 A48 52
General attitude .33 01 -.25 .01
Use of genetic information -.24 -.24 -.04 A1
Abortion A5 -.01 .64 .62
Pre-implementation genetic 27 .05 .16 -.10
diagnosis
Gene therapy -.40 18 .50 .38
Gene therapy applications -.33 .09 .36 14
Necessity .58 17 .07 .35
Impeding factors .55 19 -.28 -.35
Self-efficacy beliefs .82 .64 -.06 -.02
% of variance 21 12 Total =.33
Redundancy .05 .01 Total =.06
Canonical correlation .50 32

4.2. Findings of Qualitative Analyses

The aim of this study is to determine the factors influencing how science teachers make

decisions in matters involving genetic research and its applications. To this end, the data
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obtained from semi-structured interviews with 18 science teachers were analyzed using
the qualitative method proposed by Miles and Huberman (1994). Using this method, the
researcher interprets which patterns are more frequent and decides which ones are more
important or significant than the others (Miles & Huberman, 1994, p. 253). The factors
influencing how science teachers make decisions are as follows: personal experience,
socio-cultural factors, emotional factors, religious factors, economic factors, technology
factors, moral factors, values, political factors, legal factors, family bias, pop culture, the
need for more information, scientific support and others. The themes for each factor are
presented below. Then, every factor was examined using frequency analysis taking quotes
from the answers given by the teachers to questions during the interviews. Each factor and

its corresponding frequency are shown in Table 4.48.
Table 4. 48

Frequencies of factors that influence participants’ decision making processes

Themes Themes Frequency Percentage
(%)
Personal experiences Having own child 15 1.78
Having a relative
Socio-cultural Turkish culture 14 1.66
considerations Turkish traditional family
structure
Turkish customs
Emotive considerations Sympathy 44 5.22
Empathy
Socio-psychological Suffering, child-care 70 8.30
concerns Cope with difficulties, pain, etc.
Religious considerations  Faith, God, religion 33 3.91
Economic cons. Financial issues (wealth- 21 2.49
poverty, expenses of genetic
application)
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Table 4.48 (Cont.)

Themes Themes Frequency Percentage
(%)

Technological concerns  Side effects 44 5.22
Malicious use 29 3.44
Risk factors 9 1.07
Credibility 6 0.71

Moral considerations Health improvement 123 14.59
Slippery slope 40 4.74
Taking human life 39 4.63
Disrupting natural order 30 3.56
Societal betterment 20 2.37

Moral considerations Social stratification 18 2.13
Means to an end 17 2.02
Diversity 5 0.59
Patients/fetus’ rights/right to 29 3.44
live

Value considerations Parents’ 19 2.25
rights/decisions/responsibility
Informed consent of the family 14 1.66

Family bias The position change in ideas if 15 1.78

the situation involved
themselves or family members

Political concerns Government policies, politics 4 0.47
Legal concerns Standards in genetic application, 24 2.85
Legal regulations and
limitations
Pop culture Information provided in the 7 0.83
media
Need more information Additional information 12 1.42
Support of science Scientific developments, 50 5.93

progress in science
progress and developments in

genetics

Alternative treatment methods 30 3.56

2-edged sword 30 3.56

Uncertainty 10 1.19
Miscellaneous Nature of disease/ type of 12 1.42

disease

Birth control 6 0.71

Change in participant’s ideas 4 0.47

over time
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In the following section, the factors are listed in order of frequency from highest to lowest
with the corresponding percentages (%) together with sample quotations. When teachers’
quotations are reported the letter “T” and a number are used to indicate each teacher.
While the letter “F” represents female teacher, the letter “M” represents male teachers in
the study. Square brackets [ ] are used to complete the meaning that teacher tried to express
during the interview. Abbreviations for each case are presented in the quotations. For
instance, “FTT” is used for Fetal Tissues Transplantation Scenario, “HD” is used for
Huntington's Disease Scenario, “CF” is used Cystic Fibrosis Scenario, “GTHD” is used
for Gene Therapy on Huntington's Disease Scenario and “GTI” is used Gene Therapy on

Intelligence Scenario (see Appendix 11 to 14).

4.2.1. Moral considerations

Science teachers mainly took moral issues into consideration when making decisions
(35% of total statements). Teachers generally focused on the possible consequences of
genetic applications by making a utilitarian analysis of the benefits of genetic applications.
Some principles were also taken into account such as perceiving an embryo as a living
human being, meaning that sacrificing an embryo violates the principle of taking human
life. The frequencies for each code under the theme of moral considerations are presented

in Figure 4.7.
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Figure 4. 7 Frequencies of moral considerations that influence participants’ decision

making processes.

As depicted in Figure 4.7, teachers generally concerned about health improvement,
followed by slippery slope, taking human life, disrupting natural order, societal
betterment, social stratification means to an end and diversity codes. Each topic under the
moral considerations theme together with its corresponding frequency and percentage (%)

will be explained in detail including example quotations.

4.2.1.1. Health improvement

As indicated in Figure 4.7, the most frequently stated factor affecting participants’
decision making regarding genetic applications was found to be “health improvement”
(14.59 % of total statements). All the 18 science teachers agreed on the use as well as the
development of genetic applications would be beneficial in the case of health

improvement. In fact, using genetics applications for the purpose of treating diseases was
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found to be very common among the participants’ responses. The statements below
provide quotes highlighting how teachers approved the use of genetic applications for

medical treatment purposes.

Assuming it was a real case [Gene Therapy on Huntington's
disease], I would accept it for the treatment of diseases. Ultimately,
it is a treatment method that has been discovered by a human being.
There is no reason not to apply it (GTHD; T2, F)

In the case of fetal tissue transplantation, the family decided to
terminate the pregnancy. So, the fetus can be used for treatment of
Suzan’s father, who suffers from Parkinson's disease. (FT; T4, F)

As Parkinson's disease is fatal, and there is no treatment option
other than fetal tissue transplantation at that moment, | would allow
the application even it was an experimental trial, (FT; T6, F)

| think gene therapy method should only be used for the treatment
of diseases by changing the infected genes with the healthy ones.
(GTI; T9, M)

As can be seen from the teachers’ responses, all teachers agreed on the use of genetic

applications presented in scenarios involving the treatment of diseases.

4.2.1.2. Slippery Slope

Slippery slope was another significant moral consideration that was frequently stated by
teachers (4.74% of total statements). Most of the teachers indicated their concerns that
permission to use genetic applications in one acceptable context may lead to the use of
that technology in unacceptable contexts. Teachers’ concerns were concentrated mainly
in gene therapy scenarios. For example, a teacher might support gene therapy for the
treatment of diseases but would oppose its use for making cosmetic alterations. They

especially disapproved the use of gene therapy for cosmetic reasons such as changing
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someone’s external appearance (e.g., hair color or eye color). Here are some sample

quotations:

I am concerned about using gene therapy for the purpose of
determining sex, hair color or eye color of a baby. Using this
method for determining sex, hair color or eye color of a child is
morally unacceptable. (GTHD; T2, F)

There should be some limitations. For instance, this [gene therapy]
should not be used for making someone have blonde hair or making
someone more intelligent. Allowing gene therapy without any
limitation can get out of control at some point. (GTHD; T4, F).

Using gene therapy for eliminating the Huntington's disease gene
is acceptable. But | have some doubts about how this method will
be used in future. Today it might be used for eliminating
Huntington's disease genes, but in the future, a mother might prefer
to have a baby with blonde hair or more appealing external
appearance. Thus, gene therapy should entirely be forbidden.
(GTHD; T5, M)

Gene therapy should only be used for situations that affect human
life negatively like diseases. But using it for other issues like
intelligence, beauty or height could be dangerous. We would not be
able to control it. (GTHI; T9, M)

The teachers’ statements revealed that their tendency to draw a line between what is

acceptable and what is not acceptable in the field of gene therapy.

4.2.1.3. Taking human life

Teachers’ concerns regarding the status of an embryo as a human being were grouped
under the taking human life theme (4.63% of total statements). 10 out of 18 teachers
believed that the embryo was a living human, so sacrificing embryos violates the principle
of taking human life. This code generally emerged in scenario involving fetal tissue

transplantation. They, usually, opposed fetal tissue transplantation as it requires the
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sacrificing of human embryos. The statements below provide examples of how the
teachers approached the fetal tissue transplantation scenario:
This method [fetal tissue transplantation] is based on
experimentation; therefore, we could not be 100% sure whether it
would be successful or not. In addition, we have to consider that the

embryo being used is alive. Thus, | would disagree with the idea of
using this method. (FTT; T2, F)

In the scenario, we would be destroying a living thing. When | abort
the fetus intentionally, I terminate its life. Thus, I believe that fetal
tissue transplantation should be the last method to conduct research
(FTT; T3, F)

This method is acceptable unless it harms the fetus. | think that
terminating someone else’s life is not correct even if tissue
transplantation is required for the treatment of Suzan’s father. (FTT;
T11, F)

Besides, in their responses some of the teachers expressed the opinion that conducting
research using human embryos is not “ethical”. These teachers specifically emphasized
the ethical issues associated with fetal tissue transplantation. Sample quotations from
teachers’ responses that emphasize the ethical aspect of fetal tissue transplantation method
are presented below:

This method does seem unethical to me because we terminate

someone else’s life. As because the fetus is also a living thing,

using a healthy fetus with the purpose of treatment of Parkinson
Disease is not humanistic. (FTT; T13, M)

| am against the use of fetal tissue transplantation because you have

to consider taking human life. What | mean is you are actually
killing a living thing by using this method. | think any research that
terminates others’ life is not ethical. (FTT; T18, F)

Lastly, one of the teachers (T12), unlike the other participants, agreed on the use of the
fetal tissue transplantation method only in early stages of pregnancy. According to him, a
fetus is not alive during the early stages of pregnancy. The following statement

corresponds to this situation:
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This method can be applied in the first phase of pregnancy because
the fetus is not alive and the tissues have not been formed yet. But
it is alive in the later phases of pregnancy. At that point, this method
IS not appropriate. (FTT, T12, M)

As can be seen from the teachers’ statements, most of the teachers believed that life begins
at the moment of fertilization; therefore using the fetus in fetal tissues transplantation is
tantamount to murder. Only one teacher (T12) believed that the fetus is not alive at the

moment of fertilization.

4.2.1.4. Disrupting the Natural Order

Another moral concern that teachers indicated was that the genetics application might alter
the natural process (3.56% of total statements). This code was prominent in scenarios
involving gene therapy on human intelligence where teachers mainly emphasized altering
the natural process. Here are some examples of teachers' comments on this:

| would disagree with the use of gene therapy for altering the genes

of an ordinary child. It would disturb the natural order. This practice
is an affront to human dignity (GTI, T9, M)

| am against the use of gene therapy unless we are talking about a
severe disease. | think using gene therapy for anything else is an
excessive violation of the natural process. You should not mess
with the natural flow of things. (GTI, T14, F)

The teachers’ statements indicated that they were concerned about the use of gene therapy

applications because it constituted outside intervention in the natural process.

4.2.1.5. Social stratification

Teachers’ concerns regarding that use of genetic technologies that could segregate a
population by creating classes of “genetic haves” and “genetic have nots” were grouped

under the social stratification code. Eight teachers stressed that genetics applications might
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create some kind of class division in society (2.13% of total statements). Teachers’
statements indicating their concerns regarding the segregation of society into more classes
are presented below:

If gene therapy were to be used for increasing human intelligence,

then, there would be some kind of genetic stratification in the form

of people whose genes are altered and others whose genes are not.

Those people whose genes are altered through gene therapy would
be one step ahead of ordinary people. (GTI, T2, F)

What makes me concerned is that when people’s genes are changed
they would become more intelligent. But that would cause another
social line in addition to the ones we already have. (GTI, T11, F)

There is already segregation in society such as public and private
schools. Likewise, we would create people who are more
“intelligent” by changing their genes, and there would be
“ordinary” people. Eventually, we would create further segregation
in society. (GTI, T13, M)

As can be seen from the teachers’ responses, teachers’ concerns mainly focused on the
use of gene therapy on human intelligence. While they agreed on the use of gene therapy
for the treatment of Huntington's disease (i.e. health improvement code), they stressed that

using gene therapy for increasing human intelligence would cause segregation in society.

4.2.1.6. Societal betterment

Teachers’ statements that imply the use of genetic technologies will improve society
overall are grouped under the “societal betterment” theme. Eight out of 18 teachers
emphasized how genetic applications, specifically those increasing human intelligence,
might contribute to the betterment of society (2.37% of total statements). The statements
below provide examples of how teachers approved the use of genetic applications for
treatment purposes:

I would support the use of gene therapy if it is applicable to the

entire human being all over the world. | do not see any harm in
making someone more intelligent. (GTI, T1, M)
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Our knowledge about how the universe works is limited, and this
knowledge has been constructed by intelligent people like Newton
or Einstein. If it were possible to make everyone more intelligent,
there would be more people who can solve the problems that human
beings are faced with. Thus, there would be an overall improvement
in society. (GTI, T13, M)

Some of the teachers also stressed that the gene therapy treatment for Huntington's disease
would benefit humanity by eliminating defective genes from mankind's gene pool.
Example quotations of teachers expressing their viewpoints about how the elimination of
defective genes would benefit humanity are presented below:

Defective genes should be eliminated in order to create a healthy

society. (GTHD, T3, F)

There is nothing wrong with gene therapy applications. By
eliminating defective genes, it is possible to consolidate and
stabilize the human race throughout the world. (GTHD, T17, F)

| think she [Lale] should abort the fetus. In developed countries,
populations are productive; that is why they are developed. If Lale
does not abort the fetus, the defective genes could be passed on to
offspring, and this should somehow be prevented. (HD; T6, F)

4.2.1.7. Means to an end

Some of the participants have concerns regarding the use of embryos as a tool or resource
in genetic applications. The teachers stated their concerns about this in the issue of fetal
tissue transplantation, which involves using a fetus' brain tissues (2.03% of total
statements). Teachers generally indicated their concerns about getting pregnant
intentionally solely to providing tissues for fetal tissue transplants. An example quotation
from one of the teachers supporting this view is presented below:

In the case of fetal tissue transplantation, using fetal tissues is not

ethical. Creating an embryo and using its tissues is unacceptable.

Some women might even get pregnant intentionally simply to
provide brain tissues for this application. (FTT, T2, F)
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Some of the teachers were not totally opposed to fetal tissue transplantation. They insisted
that the fetal tissue transplantation method can be used with fetus brain tissues under some
circumstances such as unintentional pregnancies or pregnancies that are needed to be
terminated because of health problems. Quotations indicating teachers’ conditional

acceptance of using fetus brain tissues are presented below:

I am not opposed to the use of fetal tissue transplantation if there
was an unintended pregnancy that the parents just wanted to
terminate. (FTT; T6, F)

“Under some circumstances such as some possible complications
with either the baby or the mother a termination is recommended.
In these situations, it might be necessary to terminate the pregnancy.
Thus, the family might have to abort the fetus. The aborted fetus
could then be used in fetal tissue transplantation. But | am against
aborting a healthy fetus and using its brain tissues. (FTT, T13, M)

4.2.1.8. Diversity

Only a few teachers (three teachers) expressed concerns that genetics applications might
reduce the existing diversity in society, which in turn would result in a highly
homogeneous society. Quotations from teachers’ responses regarding how genetic

applications might affect diversity are presented below:

What happens if all the individuals in society are gifted? There
should be some kind of diversity. We should consider how to
promote diversity because differences create a heterogeneous
society. (GTI; T4, F)

We should not destroy the existing heterogeneity in society. If the
intelligence of all human beings were increased, there would be an
uniform society which all the individuals resembled each other
exactly, and there would be a single type of person. (GTI; T18, F)
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4.2.2. Technological Concerns

Science teachers’ technological concerns about the role of technology and technicians in
genetic technologies are grouped under the “technological concerns” code (10.44% of
total statements). Under this theme, teachers’ concerns about the credibility, risk factors,

malicious use as well as side effects were examined in detail (See Figure 4. 8).

Technological Concerns

9

Q]

\

Side effects Malicious use Risk factors Credibility
Codes

.

Figure 4. 8 Frequencies of the technological considerations that influence teachers’

decision making processes.

4.2.2.1. Side effects

Majority of teachers (13 teachers) indicated that they had concerns about the side effects
of technological applications (5.22 % of the total statements). Regardless of the type of
disease, they were concerned that interfering with genes might result in side effects.
Quotations from teachers’ replies concerning side effects are as follows:

While we are trying to cure an illness, we could create a monster.

When we are trying to cure an illness by changing deleterious
genes, we might cause some important changes in physical or
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psychological traits that were kept in check by those deleterious
genes. (GTI; T6, F)

Ultimately, we are interfering with human genes. We might cause
something undesired. (GTHD; T8, F)

My biggest concern is whether there might be any side effects to
interfering with human genes? Or might it trigger unforeseen

problems. You are inferring with someone’s DNA, after all. (GTI,
T18, F)

As demonstrated in the above excerpts, teachers’ concerns regarding side effects were
mainly grouped in those scenarios related to gene therapy for Huntington's disease and
human intelligence. Detailing their concerns regarding side effects, two teachers (T7 and
T11), however, mentioned the “domino effect” implying that changing one gene might
trigger all entire change in a person's DNA or the functions of genes. Quotations from the
teachers are presented below:

There are lots of human genes whose functions are not exactly

known yet. Changing a gene might cause a domino effect by
initiating some events which were undesired. (GTI; T7, F)

When there is outside intervention in genes there is always the
possibility of coming up with something unexpected. There might
be some side effects. For instance, eliminating the defective gene
might negatively affect the functions other genes. (GTHD; T11, F)

In addition, teacher 10 (T10) pointed out that her main concern is that gene therapy has
not applied on human beings yet, and so the consequences are unknown. This teacher is
quoted as saying:

Gene therapy applications have not been applied to human beings.

So, we do not know what kind of consequences we will encounter

in the future. We might end up with undesired consequences. (GTI;
T10,F)
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Lastly, one teacher (T14) used “genetically modified food” as an example while
explaining her concerns regarding the side effects of gene technologies.

We do not know how gene therapy would turn out. While trying to
eliminate the genes related to Huntington's disease, it is possible to
come up with something undesired. For instance, genetically
modified foods... Scientists did not predict through the
consequences while developing genetically modified foods. And
now it turns out that genetically modified foods may cause cancer.
(GTHD; T14, F)

4.2.2.2. Malicious use, risk factors and credibility

Participants’ concerns regarding the role of technology and technicians in the
development and application of new genetic technologies, as well as the existence of risk
factors, were grouped together (5.22% of total statements). Teachers were specifically
concerned about the malicious use of gene therapies and perceived malicious use of
genetic technologies as a risk factor. The statements below provide examples of how
teachers perceive the malicious use of genetic applications for treatment purposes as a risk
factor.

Gene therapy applications could be misused by the doctors or
genetic scientists who develop (apply) these applications. For
instance, they thought they would be making a massive contribution
to science when they invented the atomic bomb but instead it is used
for the massive destruction of a country. (GTHD & GHI, T4, F)

I am concerned about who would be tampering with genes, and |
consider this risky. | mean, are the people who would apply genetic
applications dependable and trustworthy? (GTHD & GTI; T12, M)

During gene therapy applications genetic scientists should know
exactly how the genes function. Thus, these applications are risky.
As the function of genes is very complicated the scientists could not
know exactly whether the application is successful or not. In
addition, under some circumstances, the scientist might tamper with
genes for unethical reasons such as earning money. (GTHD & GTI;
T15, F)

The very existence of risk factor concerns me a lot. In addition to
other factors, altering genes itself includes risk. For instance, is it
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possible to alter one gene without affecting the other genes? These
kinds of questions give cause for concern. (GTHD & GTI; T18, F)

As can be seen from the example quotations, while some of the teachers were concerned
about the misuse of genetic applications and they perceived this misuse as a risk, some of
the teachers emphasized the importance of the dependability of the doctors or genetic

specialists who would apply gene therapy applications.

4.2.3. Value Considerations

In addition to moral and technological considerations, teachers emphasized the
patients’/fetus’ rights as well as parents’ rights in their responses. Moreover, some of the
teachers stressed the importance of “informed family consent” for any kind of genetic
application. Teachers’ concerns about the patients’/fetus’ and family rights, and informed
family consent were grouped under the “value considerations” theme and explained in

detail in the following section (see, Figure 4.9).

Value Considerations

N
o

14

Frequency

[y
(8]

Patients/fetus’ rights/right to Parents’ Informed consent of family
live rights/decisions/responsibility

Codes

Figure 4. 9 Frequencies of the value considerations that influence participants’ decision
making processes.
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4.2.3.1.Parents’ and fetus’ rights, and informed consent of family

Teachers’ emphasized that parents should make decisions by considering the fetus’ rights
and stated that they should respect their right to live. Out of 18, ten teachers indicated that
the fetus/embryo has the right to live or that patients also are entitled to say something
about their future (3.44% of total statements). Quotations demonstrating their positions
are presented below:

Rather than aborting the fetus, Lale should consider the rights of the

fetus. The fetus also has a right to live. I do not think that parents

should have any right to choose on behalf of their unborn children.”
(HD; T13, M)

We are altering someone’s genes without his/her
acknowledgement. The child might not have wanted altered genes.
This is more like a violation of that child’s rights. (GTHD; T14, F)

Regarding the cystic fibrosis scenario, | support the idea that
everyone has a right to live. We should not take someone else’s
right to live. (CF; T18, F)

In addition, one teacher (T4) stressed the importance of the decision making process in
gene therapy applications. That teacher’s statement is presented below:
Parents should consider all the possibilities when making decisions

about tampering with their child’s genes as this kind of intervention
is irreversible. (GTHD; T4, F)

While some teachers stressed the importance of decision making processes and fetus'
rights to live, other teachers ignored those rights and indicated that the parents should have
the final word regarding abortion. Example quotations corresponding to this are presented
below:

Reyhan should conduct genetic testing to confirm whether the fetus

has cystic fibrosis genes or not. If it turns out that the fetus does

have cystic fibrosis genes, aborting the fetus should be left up to
Reyhan to decide. (CF, P6)
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The ultimate decision about whether or not to abort the fetus even
if the fetus has cystic fibrosis genes should be left to the parents.
(CF, T9, M)

In addition, some teachers indicated that the informed consent of the family is critical in
genetics applications. An example quotation emphasizing the importance of informed
consent is presented below:

The doctors who would apply the gene therapy treatment should

inform the parents about the possible consequences of gene therapy
and the parents’ approval should be a requirement for these

applications. (GTHD, T1, M)

4.2.4. Socio-psychological concerns

Another commonly stated concern is that socio-psychological concerns influence their
decision (8.30 % of total statements). In particular, teachers frequently expressed their
ideas and positions reflecting concerns for those individuals who would potentially be
influenced by their decisions. For instance, they used statements that indicate the
difficulties that families would face when raising the patient such as suffering and care
problems. In addition to the difficulties that families would face, teachers also pointed out
the difficulties that the patients would face. Example quotations from the teachers’
responses are presented below:

Raising a child with Cystic Fibrosis would be quite hard. The child

would need special needs such as physiotherapy. The parents would

need psychological support as well. These are all demanding
processes. (CF; T2, F)

The decision about whether or not to abort the fetus is a vital one.
But the difficulties faced by child while being raised should also be
considered. Cystic Fibrosis is a fatal disease, and the child would
require the continuous support of his/her parents. As this disease
can be detected before birth, the pregnancy should be terminated.
(CF; T4,F)

Cystic Fibrosis disease would create many problems in the child’s

future life. Thus, terminating the pregnancy sounds logical to me.
(CF; T15,F)
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| think Lale would be sorry about the possibility of having a child
with Huntington's disease. Therefore, she would be affected
negatively and would need professional support for coping with this
situation. (HD, T16, F)

4.2.5. Support of Science

Science teachers frequently used statements that are categorized under the “support of
science” theme. All the science teachers who participated in the interviews indicated this
in their decision making processes implying that it is a key factor among participants’
responses (5.93% of total statements). Two major patterns were emerged: The first one is
the empirical nature of scientific research, and the other one is the tentative nature of
scientific knowledge. For instance, some of the teachers emphasized the empirically based
nature of scientific research in explaining their positions. Example quotations from the
teachers’ responses corresponding to the empirical based nature of science are presented
as:

| think that studies on fetal tissue transplantation should be

continued. There is no treatment for Parkinson's disease at the

moment. If these studies on fetal tissues would provide a treatment

for Parkinson disease, empirical studies using fetal tissue should

continue. Empirical findings might eventually provide a treatment

for Parkinson's. Scientific research advances through new empirical
findings. (FTT; T5, M)

| support studies on fetal tissue transplantation because the fetal
tissue transplantation method is based on a string of empirical
research which also consists of empirical errors. But with the new
empirical findings gathered by this empirical research, this method
will eventually be tailored for the treatment of Parkinson disease.
Similarly, science also advances through new empirical findings.
(FTT; T17,F)

Some of the teachers emphasized that scientific knowledge is not fixed and thus the

developments in science might contribute to our understanding of science. Example
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quotations from teachers’ replies concerning how technological developments will
contribute to scientific research are as follows:

If a child is born with the Cystic Fibrosis disease the family should

follow up the current scientific research studies regarding Cystic

fibrosis genes. Our knowledge about genes is constantly changing

as science progresses. Therefore, it may be possible to find a

treatment option for Cystic Fibrosis disease in the future (CF; T2,
F)

Even there is no treatment for Huntington's disease at the moment
there is an ongoing progress in science that enables researchers to
develop treatments for all kinds of genetic diseases like
Huntington's disease. New treatment methods might be developed
within as little as 50 years. (HD; T15, F)

As can be seen from the above quotations, the teachers believed that our knowledge about
genetic diseases is not fixed and that it is subject to change within the light of new
empirical findings. Those quotations supported the teachers' ideas about the tentative and

empirical nature of science.

4.2.6. Emotive considerations

Another concern frequently emphasized by teachers is “emotive considerations”. 15 out
of 18 science teachers had “emotive considerations” when deciding about genetics
applications (5.22% of total statements). Teachers mainly used statements indicating the
empathy towards the parents or patient/child in the given scenarios. When making
decisions, they put themselves in the shoes of patients and used statements like “If [ were
Lale... (A fictitious character in the Huntington's disease scenario). Example quotations
from the teachers’ replies are as follows:
It is a very interesting case [Fetal Tissue Transplantation]... What

would | do if it happened to me? I really do not know. The case
affected me deeply. (FTT; T2, F)

Regarding Huntington's disease case, | put myself in the place of
parents who would have a child with Huntington's disease. | would
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not want my child to be born with Huntington's disease. (GTHD;
T3, F)

When making decisions, | put myself in the place of both the child
who would have Huntington's disease and the parents who would
have a child with Huntington's disease. Both cases affected me
deeply. Therefore, it is acceptable to use gene therapy for
eliminating the Huntington's disease genes. (GTHD; T11, F)

As demonstrated in the above quotations, the participants approached scenarios
sympathizing or empathizing with the fictitious characters from the scenarios. One teacher
(T12) stated, “As | was not diagnosed with Huntington's disease | cannot experience the
same emotions as the patients” implying that the teachers’ emotive considerations do
influence the participants’ decisions. While considering emotionality teacher 8 (T8)
indicated that her current status as a mother influenced her decision. This teacher said:

| was deeply affected by the fetal tissue transplantation scenario as
I myself have a son. Considering abortion as a treatment option
makes me feel uneasy. Questions like that [regarding abortion]
should not be asked to mothers. (FTT; T8, F)

Lastly, teachers’ thoughts regarding the Fetal Tissue Transplantation scenario differed
according to the teachers’ individual viewpoints. While some teachers supported fetal
tissue transplantation as it would enable their father to survive, one teacher (T12)
perceived the method as unacceptable as both the fetus and his father are “important” to
him. Both teachers had emotive considerations but decided differently. The teachers said:
| cannot accept the Fetal Tissue Transplantation method. | cannot
let someone die for the survival of another. What | mean is | cannot

kill my own child in order to let my father live. Both of them are
precious to me. (FTT; T12, M)
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4.2.7. Religious considerations

Another theme found in participants’ statements was “religious concerns”. Although this
concern is not mentioned as frequently as others, the teachers drew from their religious
beliefs when making decisions (3.91% of total statements). This theme mainly emerged
in the fetal tissue transplantation, Cystic Fibrosis and Huntington's disease scenarios, all
of which require the abortion of a fetus. Teachers’ statements regarding their concerns are

presented below:

This method [regarding Fetal Tissue Transplantation] contradicts
with my religious beliefs. | believe that aborting a fetus is a sin.
Thus, I think this method should not be applied. (FTT; T3, F)

Ultimately, the disease [Cystic Fibrosis] is very severe and fatal.
Reyhan certainly should get an abortion. According to my religious
beliefs, there is no problem with an abortion up until the tenth week
of pregnancy. (CF; T4, F)

My religious beliefs influenced my decisions. For instance, | was
raised in a family that believes abortion is a sin. Thus, it is not
possible to decide by putting my religious beliefs aside. (FTT; T7,
F)

God created all the living things, so you cannot Kill the fetus as it is
alive. This is unethical. Thus, this kind of application [fetal tissue
transplantation] requiring the abortion of a fetus is kind of
problematic for me. (FTT; T11, F)

Although not stated by the other teachers, one teacher (T8, F) pointed out that she would
“consult with a cleric or religious scholar” before deciding to abort the fetus in the case of
fetal tissue transplantation. She said this:

In the fetal tissue transplantation scenario, abortion seems logical

according to me. But it is still an abortion. According to my

religious beliefs, abortion is a sin. Thus, it would be better to consult
with a cleric or religious scholar. (FTT; T8, F)

186



The same teacher also indicated that gene therapy should be used for the treatment of
diseases. She explained her position by stressing her religious beliefs as:

If it [gene therapy] is not going to be used for the treatment of

diseases it should not be allowed because you are changing

something that God created. Otherwise, it would be acceptable
according to my religious beliefs. (GTHD; T8, F)

4.2.8. Legal considerations

Teachers’ statements referring to the need for legal regulations or standards that regulate
genetics applications and determine the limitations for them are categorized under the
“legal issues” theme. 2.85% of total statements were grouped under this theme. 11
teachers referred to the necessity for legal restrictions and regulations in genetic
applications. Example quotations emphasizing the importance of legal restrictions and
regulations are presented as:

There should be some standards regulating the application of gene

therapy for the purpose of increasing human intelligence. (GTI; T1,
M)

Gene therapy applications should be carried out consciously and in
an organized fashion. Therefore, legal regulations are strongly
needed. (GTHD; T6, F)

Teachers also talked about the authority of and regulation of the mechanism that is
responsible for the application of these technologies. While some teachers indicated that
the restrictions should be determined and regulated by “governments”, other teachers
emphasized the need for scientific councils to regulate genetic applications. In addition,
some teachers pointed out the checks and balances mechanisms for gene therapy
applications should be in the hands of doctors. Examples of teachers’ statements about
different authority mechanisms responsible from genetic applications are presented

below:
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There should be some restrictions and these restrictions should be
determined by the government. The checks and balances
mechanism should also belong to the government. Otherwise, it
would be very hard to regulate this kind of application. (GTHI; T8,
F)

| believe that gene therapy should be under the control of medical
doctors. There should be some universally accepted standards that
regulate gene therapy applications. (GTHI; T1, M)

There should be specialist institutions for regulating these
applications. There should be specialist scientific councils as well
as specific regulations determining the limitations of gene therapy
applications. (FTT; T13, M)

4.2.9. Economic considerations

Teachers’ concerns regarding the economic aspect of the accessibility of genetic
technologies are grouped under the “economic considerations” theme. Eight out of 18
participants’ mentioned economic factors as a constraint in the accessibility of genetic
applications (2.49% of total statements). An example quotation from one of teachers’
statements indicating her concerns about economic factors is presented as:

Ultimately, this application would require a huge amount of money.

People who could afford this application would change their

children’s genes in order to increase their intelligence. There would

be other people who simply could not afford this application, and
this would create inequality in society. (GTHI; T2, F)

I think it would definitely be expensive to have gene therapy.
Meaning, only rich people could afford it whereas poor people
could not, and this would create economic stratification in society.
(GTHI; T4, F)

4.2.10. Family bias

Seven teachers indicated that their decisions about the scenarios might change if the

situation involved themselves or their family members (1.78% of total statements) as
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opposed to a fictional character. Example quotations from the teachers’ responses are

presented below:

| believe that Lale should abort the fetus. It was easy for me to
make a decision about Lale. But what would happen if it happened
to me? | would definitely feel differently it were me dealing with
this kind of decision (HD, T2, F)

| think it is easy to decide whether or not to allow gene therapy
based on the fictitious characters in the scenarios. But what would
happen if it happened to me? | honestly do not know how | would
react in that situation. (GTHD; T14, F)

4.2.11. Personal experiences

Some of the teachers (nine teachers) formulated their decisions based on their previous
experiences. Example quotations indicating the role of personal experiences are presented

below:

| can give a specific example from my family. One of my relatives

had similar symptoms to Huntington's disease. Specifically, my
grandfather had similar symptoms during the last stages of cancer.
Even a healthy man can experience similar symptoms to
Huntington's disease. Therefore, Lale should not abort the fetus by
considering the severe symptoms alone. (HD; T1, M)

It is not possible to know how long a healthy individual is going to
live. For instance, the sister of a friend of mine was diagnosed with
kidney failure and the doctors informed her family that she had
approximately 10 years left to live. But she is 26 now, and she is
still alive. Who knows? Even a healthy person may not live till
his/her 50s. Therefore, Lale should not decide to abort fetus by only
considering the lifetime of a patient with Huntington's disease. (HD;
T18, F)
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4.2.12. Socio-cultural factors

Six teachers mentioned the importance of Turkish social and cultural family structure in
their decision making process (1.66% of total statements). Example statements

corresponding to this theme are presented as:

When we consider Turkish customs and traditions, family members
take care of the sick and old people. Thus, Lale should not abort the
fetus simply by considering who will take care of her or her children
when she is sick. (HD; T2, F)

The transplantation of fetal tissues from grandchild to grandfather
does not sound logical to me. | am certainly influenced by cultural
factors and by my own family. | believe that the Turkish society
does not approve of fetal tissue transplantation. (FTT; T13, M)

4.2.13. Need more information

Eight teachers reported that they would need additional information regarding the
scenarios or gene therapy applications in order to make decisions and support their
positions (1.42% of total statements). The statements below provided examples of what
kind of information the teachers would need in order to make their decision:

| exactly need to know how many weeks pregnant Lale is in order

to decide. | mean, it is immoral to abort an eight-month-old fetus.
(HD; T12, M)

| would like to learn more about whether there is any progress in
the treatment of Huntington's disease. If I knew more about the
treatment options of Huntington's disease, | would be better able to
make my decision. (HD; T14, F)

4.2.14. Pop culture

Compared to the other factors that were mentioned by the teachers, a relatively small
percentage of participants’ responses (0.83% of total responses) were influenced by the
media such as films or documentaries. Example quotations corresponding to the role of

pop culture in decision making process are presented as:
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We always watch science fiction films about mutant creatures on
TV. The possibility of creating mutant creatures in real life makes
me concerned a lot. (GTHD; T2, F)

Using fetal tissues should be allowed. | have seen real body tissues
such as fetuses and embryos that were exhibited in the Body World
Exhibition. If a fetus can be used for the purpose of exhibition, it
can also be used for the purpose of treatment as well. (FTT, T5, M)

There is no reason that can justify an abortion. For instance, there
was a character which was diagnosed with Huntington's disease in
the House M.D. drama on television. She fought till the very end.
She became a doctor. Lale’s child could survive till his/her 50s.
Thus, Lale should not abort the fetus simply because the fetus was
diagnosed with Huntington's disease. (HD; T11, F)

4.2.15. Political concerns

A few participants’ responses (three out of 18 teachers) referred the concerns regarding
politics as a factor that influence their decisions. One example quotation explaining
teachers’ concerns about politics is presented below:

I wonder how the governments would react to the use gene therapy

for the purpose of increasing intelligence. It is a known fact that

intelligent people are not easy to manage. Governments, however,

desire easily manipulated people. Thus, it would be politically

expedient for governments to prevent the development of gene
therapy applications. (GTI; T1, M)

4.2.16. Miscellaneous

Some of the teachers’ statements about alternative treatment methods, dilemmas about
genetic applications, suggestions about birth control, the uncertainty of genetic
applications and changes in ways of thinking are congregated under the “miscellaneous”
theme (See Figure 4.10). Each theme is explained in detail with quotes in the following

section.
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Figure 4. 10 Frequencies of miscellaneous considerations that influence the participants’

decision making processes.

4.2.16.1. Alternative treatment options

Some teachers proposed alternative methods for the treatment of the diseases presented in
the scenarios. Out of 18 participants, 13 proposed alternative treatment
options/possibilities for the scenarios (3.56% of total statements). The teachers mainly
proposed an alternative method such as using Serotonin, artificial cells, umbilical-cord or
stem cells in the fetal tissue transplantation scenarios requiring the abortion of the fetus.
Teachers’ statements regarding alternative treatment options are presented below:

I think such research studies as Fetal Tissue Transplantation can be

conducted in different ways. For instance, using stem cells or

umbilical-cord might be alternative options for the treatment of

Parkinson's disease. We do not have to use fetal tissue. (FTT; T1,
M)

There should be alternative methods for the treatment of
Parkinson's disease instead of using fetal tissue. For instance,
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Serotonin could be used in the treatment of Parkinson's disease.
(FTT; T2, F)

The research studies regarding the treatment of Parkinson's disease
should definitely be continued. At first, genetic scientists might use
fetal tissue. But eventually, they might be able to generate artificial
cells by using fetal tissues. Afterwards, they would not need the
fetus at all and would able to treat Parkinson's disease just by using
the artificial cells. (FTT; T17, F)

Unlike the other statements, one of the teachers (T18) proposed using animal brain cells
instead of fetus brain cells as an alternative treatment option under fetal tissue

transplantation. She explained her position as:

There should be other treatment options which would not threaten
the lives of living things. For instance, animal brain cells might be
used instead of fetus brain cells in fetal tissue transplantation. (FTT,
T18,F)

4.2.16.2. Two-edged sword

Participants’ difficulties and dilemmas when articulating their decisions concerning a
particular genetics application were categorized under the “two-edged sword” theme. 14
out of 18 teachers’ responses were categorized under this category (3.56% of total
statements). Teachers mainly faced difficulties or dilemmas regarding genetic

technologies. Example quotes representing teachers’ concerns are presented below:

I am undecided on this scenario[Fetal Tissue Transplantation]. On
the one hand, there is a treatment for Parkinson's disease. On the
other hand, there is a living fetus. It is confusing. | could not decide
whether using a fetus to develop a treatment of Parkinson's disease
is acceptable or not. (FTT, T3, F)

The genetic applications are generally confusing. On the one hand,
they provide treatments for diseases, but on the other they also
might lead to the occurrence of other diseases. For instance, we use
cell phones to communicate but cell phones also emit radiation
which is harmful to our bodies...Or think of nuclear power plants
and their effects on human health... It is really confusing... (GTHD
& GTI; T11, F)
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Unlike the participants’ previous responses, one of the teachers (T16) expressed the
difficulty of being a “subject” in an experiment. The following statement is corresponding

to this situation:

Even it is only an experimental trial, 1 am hopeful about the
development of treatment for Parkinson's disease. On the other
hand, I am afraid of being a “subject” in such experiment. | do not
desire to see my father used as a subject in an experiment. But if my
father does not participate this experimental trial his disease will
progress. It is a dilemma for me (FTT; T16, F)

4.2.16.3. Nature of the Disease

A relatively small percentage of teachers indicated their decisions would change based on
the type of disease in question (1.42% of total statements). An example quotation from

one teacher’s statement regarding this theme is presented as:

In the case of Cystic Fibrosis, there are ongoing research studies
that are investigating the treatment of Cystic Fibrosis. But, in the
case of Huntington's disease there are no research studies for its
treatment. While there is a possibility of developing a treatment for
Cystic Fibrosis, there is not any hope for patients with Huntington's
disease yet. Thus, | believe that Lale [in Huntington's disease]
should consider getting an abortion but Reyhan [in Cystic Fibrosis]
should not abort the fetus. (HD; T4, F)

4.2.16.4. Birth Control and Change in Participants’ Ideas over Time

A few participants proposed using “birth control” for the couples who have a high risk of
getting a sick child (0.71% of total responses). Example quotations from the teachers’
responses are presented below:

In the Huntington's disease scenario, Lale should have used birth

control instead of considering abortion as an option. She should not
have gotten pregnant to begin with. (HD; T2, F)
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In this case [Cystic Fibrosis], if Reyhan knew the risk of having a
sick child prior to the pregnancy, she should not have gotten
pregnant and should have used birth control methods.(CF; T6, F)

A few teachers (4 teachers) indicated that their decisions might change over time. The
statements below provide example quotations from the teachers’ responses:
If the questions related to fetal tissue transplantation were asked ten

years later my answers might be totally different because our ideas
are continually changing over time. (FTT, T1, M)

There are paradigms that are changing over time. Our ideas, as well
as our personalities, continually change over time, and this is bound
to affect our decision-making processes. (GTI; T1, M3)

4.2.17. Summary of Findings of Qualitative Analysis

The qualitative findings of the study revealed that science teachers’ decisions were mainly
influenced by moral considerations. Among moral considerations, health improvement
was found to be a significant theme. All the science teachers agreed on the use as well as
the development of genetic applications would be beneficial in the case of health
improvement. They, however, had some concerns about that permission to use genetic
applications in one acceptable context may lead to the use of that technology in
unacceptable contexts. In addition, they expressed their concerns about interfering with
genes might result in side effects and perceived the malicious use of genetic applications
as a risk factor and economic factors as a constraint in the accessibility of genetic
applications. Moreover, they also questioned the credibility and the dependability of the
doctors and genetic specialist who would be responsible for genetic application. Despite
their existing concerns about genetics and genetic applications as misuse, risk factors, side
effects, as well as the dependability and credibility of genetic scientists; they demonstrated
high reliability in science and scientific research. Moreover, teachers, in this study showed
empathy or sympathy towards the fictitious characters in the scenarios and considered
about the pain and the suffering of both parents and the patients. In addition, they tended
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to include their religious beliefs while making decisions. They emphasized the need for
legal regulations or standards that regulate genetics applications and determine the
limitation. While some teachers noted that they need additional information for making
decisions, some teachers indicated their decisions might change if the situation involved
themselves or their family members. Some of the teachers expressed the dilemmas they
went through decision making. In addition, they proposed alternative methods such as
using artificial cells or umbilical-cord in fetal tissue transplantation requiring the abortion
of the fetus. To conclude, teachers’ decision making processes regarding issues covered
in genetics literacy were influenced by a wide range of factors. In addition, teachers tended
to adopt multiple perspectives and used multiple factors during decision making

processes.
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CHAPTER YV
DISCUSSION

This chapter is devoted to the discussion of findings in terms of science teachers’ genetics
literacy levels, their attitudes towards various issues in genetics literacy their perceptions
of teaching genetics literacy as well as the factors that affect their decision making. Then,
conclusions based on the findings were presented. Lastly, implications for teachers,
teacher education programs and teacher educators were presented.

5.1. Discussion

This chapter begins with the discussion about the findings for relationships among science
teachers’ background characteristics as gender, teaching experience, self-perceived
interest and knowledge in genetics, their genetics literacy levels, their attitudes towards
issues in genetics literacy and their perceptions of teaching genetics literacy are presented.
Then, the findings for the factors influencing science teachers’ decision making processes

are discussed.

5.1.1. Discussion of the findings for genetics literacy

In this part, findings obtained from canonical correlation analysis were discussed in the
light of related literature. As mentioned in result chapter, canonical correlation analysis
revealed that being female, having high level of interest in issues in genetics literacy and
perceiving themselves as knowledgeable in genetics literacy associated with higher levels
of knowledge in genetics literacy and favorable attitudes towards general attitudes as well
as believing the necessity of introducing genetics literacy and holding higher self-efficacy
teaching beliefs. They, however, were likely to emphasize more hinderer factors as well
as holding unfavorable attitudes towards gene therapy and gene therapy applications. That

is, science teachers who were females, had high level of interest and knowledge were
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likely to understand concepts comprising genetics literacy and develop positive attitudes
towards some dimensions genetics literacy. These teachers were also, more efficacious
with respect to teaching genetics literacy to their students and tended to understand the
necessity of these issues. On the other hand, teaching experience and gender were not
found to be associated with their genetics literacy levels, their attitudes towards issues in
genetics literacy as well as their perceptions of teaching genetics literacy. Overall findings
indicated that the effects of background characteristics were context-dependent implying
participants’ attitudes differed regarding the issues being investigated. As findings
consisted of the relationship among a number of variables such as gender, teaching
experience, age, enrolled courses, previous courses taken; existing literature exploring the
relationship among knowledge, attitude, self-efficacy beliefs regarding teaching
background characteristic provided a rich context to discuss (Acra, 2006; Boone et al.,
2006; Cantrell, Young, & Moore, 2003 ; Chabalengula et al., 2010; 2011; Crne-Hladnik
et al., 2009, 2012; Ozden et al. 2008; Sahin et al., 2010; Sohan et al., 2002; Sonmez &
Kilinc, 2012; Sorgo & Ambrozi¢-Dolinsek, 2009, 2010; Tekkaya et al., 2002; Turkmen
& Darcin, 2007).

In present study, gender appears to play an important role in explaining the variation in
the components of genetic literacy. Female science teachers tended to hold more favorable
attitudes towards some issues in genetics literacy. Females holding more favorable
attitudes about some issues in genetics literacy can be explained by sex roles of females
as explained by Blocker and Eckberg (1997). According to Blocker and Eckberg (1997),
the roles like homemaker and childrearing role of women might influence their attitudes.
In addition to their roles, females tended to feel more responsible in terms of taking care
of their homes and children. Moreover, the gender difference favoring females was
explained by two theories as structural and socialization based theories by Weaver (2002).
While socialization-based theories focused on women’s role as caregiver which is strongly
determined by cultural and social norms; structural theories focused on gender based
segmentation in both workplace and economy which is contrary to the traditional men’s

role as breadwinner. Thus, it is possible to explain to explain the gender difference found

198



in present study by adopting two existing theories. As science teachers have roles
determined by their gender as caregiving and childrearing, it is an expected result to be
more concerned about genetics related issues and holding favorable attitudes. In addition,
different socialization role of males and females in society may be useful in explaining
the gender difference found in present study. Zelezny and his colleagues (2000) explained
that while females are tended to be more cooperative and nurturing, males tended to be
independent and competitive. Thus, both socialization role and caregiver role of women
in society may influence their attitudes. With this respect, it may be illogical to think
women roles apart from their values, and existing cultural and religious norms. Indeed,
qualitative part of the present study supported this idea. Science teachers frequently
referred the role of values, socio-cultural norms as well as religious norms in their
decision-making processes. To be more specific, science teachers emphasized “rights”
notion during their decision-making process. For instance, they referred that fetus should
also has right to live and the patients should have the right to choose or say something
about their future. They indicated that the entire process should not be left to the parents.
Teachers also considered parents’ rights such as being informed about the possible
consequences of genetic applications, being responsible about their decisions as well as
making decisions about their children. Parallel with these findings, there were other
studies that explored the role of values in decision making processes in different genetic
issues in the context of biotechnology and SSls (Bell & Lederman, 2002; Boerwinkel et
al. 2011; Christenson et al. 2012; Grace & Ratcliffe, 2002; Kolstw, 2006; Lee, 2012; Ozer-
Keskin, 2013; van der Zande et al. 2011, 2012). Conducted with different participants
(students, pre-service teachers, teachers), the available studies revealed that participants’
decisions were influenced by the values that the participants had and should be considered
while dealing with controversial issues in science classes. To illustrate, Grace and
Ratcliffe (2002) examined how students made decisions in conservation unit and reported
that participants frequently appealed the “right to live” notion while explaining the reasons
underlying their decisions. As seen, illuminating the values that teachers have in this study
showed that both teachers and students had similar value constructs while making

decisions which may be helpful in further developing teaching strategies for effective
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implementation of issues in genetics literacy. In this respect, there may be a connection
among values, cultural and religious norms. Indeed, the science teachers in present study,
referred cultural norms regarding Turkish social and cultural family structure and religious
terminologies while explaining the factors that influence their decisions. For instance,
some teachers indicated that Turkish family structure and Turkish tradition about raising
child or taking care of child affected their decisions. In a similar manner, some teachers
indicated that their religious beliefs influenced their positions. This was the most evident
in fetal tissue transplantation, Cystic Fibrosis and Huntington Disease scenarios where
abortion of fetus or status of fetus are taken into consideration. Teachers pointed out the
status of embryo as a living in religious terms was important in determining their positions
about the genetic applications presented in the scenarios. Moreover, teachers indicated
that their opinions were influenced creationism. Even not evidently stated, teachers’
statements such as “changing genes that God give” or “God gives life to the living things”
imply that they had creationist ideas about life origins. This finding is also confirmed by
quantitative results of current study which reported that teachers were relatively less
knowledgeable about evolution concepts. Thus, it was expected that the teachers who had
insufficient knowledge about evolution might also had creationist ideas. Believing in
creationism is related with religious beliefs as Nehm, Kim and Shepherd (2009) indicated.
As far as the majority of Turkish public is considered to be Muslim, the religious beliefs
might affect their decisions as well as their attitudes. In fact, the previous studies also
reported the similar findings which concluded that both socio-cultural norms and religious
beliefs influenced participants’ decisions (Halverson et al. 2009; Khishfe, 2012; Lee,
2007; Lee etal., 2012; Ozer-Keskin, 2013; Topcu, 2008; Zeidler et al. 2002). Parallel with
existing literature, this study confirmed the role socio-cultural and religious norms in
decision making processes, especially dealing with the controversial issues that requires
changing genes, aborting fetus or use of aborted fetus. At this point, it is important to
clarify the role socio-cultural and religious norms in decision making processes for
Turkish science teachers as their role of implementing issues in genetics literacy

considered. To conclude, the difference in female science teachers’ favorable attitudes
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may be related with their roles as caregiver in society which may be shaped by their values

and socio-cultural norms as well as their religious beliefs.

Although the present study revealed that females held favorable general attitudes, the
same teachers also tended to held unfavorable attitudes towards gene therapy and gene
therapy applications. The reason why science teachers’ attitudes differed could be
explained in several ways: First explanation may be that the teachers’ attitudes were
differed with respect to the issues being investigated. Indeed, the descriptive statistics of
current study provided evidence that participants demonstrated a wide range of
approaches towards issues in genetics literacy. For instance, while most of teachers were
undecided about many items presented in general attitude dimension, they showed
reluctance about use of genetic information. Teachers, particularly, had difficulty in
deciding whether to interfere with people’s genes or not. Moreover, they expressed doubts
in benefits of modern genetics and using genetic technologies. The difficulty in deciding
about interfering people’s genes or changing genes may be caused by the controversial
nature of issue or having moral concerns as Gaskell and his colleagues (2000; 2003)
indicated. They, on the other hand, appeared to be reluctant about the use of their personal
genetic information by insurance companies or employers. Parallel with this finding, use
of genetic information by different stakeholders such as insurance companies, employers
or other authorities was perceived as a concern in numerous studies (e.g., Gaskell et al.
2003; Fonseca et al. 2012; Tan et al. 2007). For example, Gaskell and his colleagues
(2003) reported that European public perceived the use of genetic information by
governments or insurance companies as unacceptable. In a study which investigates Asian
and American adults’ attitudes towards genetic testing, Tan and his colleagues (2007)
found both Asian and American adults had concerns about use of genetic testing results
by insurance companies. In another study exploring Portuguese biology teachers’ attitudes
towards biotechnology, participates showed unwillingness to give their genetic
information to genetic databanks (Fonseca et al. 2012). Indeed, teachers in this study were
reluctant to give their genetic information to third party like employers or insurance

companies.
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With respect to other dimensions of attitude scale including abortion, pre-implementation
genetic diagnosis, gene therapy and gene therapy applications; science teacher also
demonstrated differing attitudes with respect to the purpose of the issues being
investigated. Teachers, in general, believed in the use of abortion and pre-implementation
genetic diagnosis in case of serious mental and physical diseases but not in case of having
a child which was very likely to live a good health but would die in its 20s or 30s.
Participants’ attitudes towards abortion and pre-implementation genetic diagnosis might
be influenced by the religious aspect of issues presented as dealing with these issues
required a judgment on the moral status of an embryo (Halverson et al., 2010). Thus,
participants generally tended to accept these applications in mental and physical
disabilities but not in other conditions such as dwarfism. This pattern is also consistent
with the literature reporting that individuals tended to show an agreement on the use of
abortion and pre-implementation genetic diagnosis in mental and physical disabilities
(Sturgis et al., 2002). Similarly, diseases seemed to be an important theme in gene therapy
issues. While Turkish science teachers agreed on the use of gene therapy in cases such as
breast cancer or having heart disease, they disagreed on the cases such as making a person
more intelligent. As evident, usefulness and the purpose of genetics applications are
distinctive factors in determining participants’ attitudes towards genetics related issues.
That is, participants’ attitudes showed a wide range of approaches based on their
perceptions regarding genetic applications. The teachers in our sample tended to favor
genetic applications which they perceive as “useful” based on the purpose of application.
In general, the descriptive statistics of present study provided evidence that science
teachers’ attitudes varied with respect to the issue being investigated. Supporting the
present finding, usefulness and the purpose have been reported as the main factor that
influence attitudes towards genetics related issues (Chabalengula et al. 2011; Dawson
2007; Fonseca et al. 2012; Klop and Severiens 2007; Ozden et al. 2008; Sturgis et al.
2002; Usak et al. 2009). Indeed in literature, studies conducted in Turkey and in other
countries, reported that both pre-service/college students as well as teachers’ attitudes
changed based on the genetics application being investigated. For instance, studying with

American pre-service teachers, Chabalengula et al. (2011) explored participants’ attitudes
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towards a wide range of issues in biotechnology. Results revealed that PSTs tended to
hold favorable attitudes towards of genetic modification of plants/foods, they showed
reluctance in genetic modification of animals and human genes. In another study,
conducted in Turkish context, Usak and his colleagues (2009) reported that while
undergraduate students tended to favor agricultural biotechnology, they tended to less
favor use of genetically modified foods. In a similar manner, both Slovenian pre-service
and in service teachers were reported as holding favorable attitudes towards the use of
genetic modifications in plants and microorganisms but generally remained uncommitted
other genetic modifications in animals or human genes (Crne-Halanick et al. 2009, 2012).

In sum, teachers’ attitudes can vary with respect to the issue being investigated.

Another explanation for female science teachers’ holding different attitudes towards
Issues in genetics literacy may be having lack of content knowledge regarding genetics.
Indeed, some previous studies reported relationship between understanding of genetics
issues and attitudes towards genetics (e.g., Crne-Hladnik et al. 2009, 2012; Dawson, 2007;
Klop & Severiens, 2007; Sohan et al., 2002; Sorgo & Ambrozi¢-Dolinsek; 2009, 2010).
For instance, investigating undergraduates’ attitudes towards various biotechnology
issues, Sohan and his colleagues (2002) reported that females tended to hold unfavorable
attitudes towards a wide range of issues in biotechnology. The researchers attributed this
to the lack of content knowledge in biotechnology issues suggesting a positive relationship
among gender, content knowledge and attitudes towards biotechnology issues. In fact, in
present study, the female teachers who held favorable general attitudes were also found to

be more knowledgeable in genetics literacy when compare to male counterparts.

The teachers, in present study, however, were not quite knowledgeable in all dimensions
comprising genetics literacy. For instance, science teachers were found to be moderately
knowledgeable, particularly in DNA, DNA-gene-chromosome interactions, gene activity
and description of genetic variation, functions of genes in protein synthesis, multiple
genes, and disorders related with multiple genes as well as the concepts regarding gene
regulation such as genetic variations and turn-on and turn-of genes. Moreover, they were

found to be quite knowledgeable in concepts related to Mendelian patterns of inheritance
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and meiosis. They, however, did not exhibit a greater understanding of concepts of
evolution concepts in general, natural selection or genetic variation, and applications of
genetics technologies. This result, to some extent, was not surprising as far as the nature
of Turkish national science curriculum is considered. Mendelian patterns of inheritance,
DNA structure and functions are among the mostly emphasized concepts of the curriculum
for years. Thus, the science teachers, as a student, had exposed these concepts at each
stage of their previous formal education and as a teacher; they are responsible for teaching
of these concepts to their students. Moreover, they were mainly trained about Mendelian
patterns of inheritance and DNA and DNA structure during university education. In line
with the findings of present study regarding lack of knowledge in concepts comprising
genetics literacy, the previous studies also concluded both pre-service and in-service
teachers were lacked of sufficient knowledge regarding modern genetics issues (Acra,
2006; Bowling et al. 2008; Cebesoy & Tekkaya, 2012; Chabalengula, et al. 2010, 2011;
Sohan et al. 2002; Sorgo & Ambrozi¢-Dolinsek, 2009), and evolution concepts even they
possessed sufficient knowledge in Mendelian genetics (Deniz, Donnely, & Yilmaz, 2008;
Eve & Dunn, 1990; Griffith & Bram, 2004; Nehm & Reilly, 2007; Peker, Comert, &
Kence, 2010). Specifically, vast majority of the empirical studies reported both pre-service
and in-service teachers held inadequate knowledge regarding genetics related issues such
as genetically modified foods, genetic modifications in microorganisms, in animals and
in humans as well as stem cells and cloning (Boone et al. 2006; Darcin & Turkmen, 2007,
Ozden et al. 2008; Sorgo & Ambrozi¢-Dolinsek, 2009; 2010; Usak et al. 2009).

Even though mandated in the curriculum, teachers in present study were comparably less
knowledgeable about the applications of biotechnology, their advantages, disadvantages,
and historical development as well. Evolution, on the other hand, has not covered well in
the national curriculum and has not been addressed effectively in the science classes
(Deniz et al. 2008; Peker et al. 2010). In fact, science teachers’ lacked of understanding
of evolution in addition to their unwillingness to teach it, and their inadequate preparations
were reported in literature (Aquillard, 1999; Eve & Dunn, 1990; Griffith & Brem, 2004,
Nehm & Reilly, 2007). Indeed, as teachers get more training regarding biotechnology and
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evolution, they will learn more about and will be confident in teaching these issues as
Chan and Lui (2002) stated.

Even though the present study revealed some positive relationship between teachers’
understanding of genetics literacy and their attitudes towards a wide range of issues in
genetics literacy, some studies reported contradicting results with respect to knowledge
and attitude relationship (e.g., Cebesoy & Tekkaya; 2012; Dawson & Schibeci, 2003;
Klop & Severiens, 2007). While Dawson and Schibeci’s (2003) study revealed no
relationship between understanding and attitudes towards biotechnology, Klop and
Severiens’ (2007) study suggested different patterns explaining the relationship between
knowledge and attitude. While there was a positive relationship between some students’
knowledge and their attitudes towards biotechnology, the other group students
demonstrated sufficient understanding in biotechnology but held unfavorable attitudes
towards biotechnology due to their concerns and worries about biotechnology issues.
Their instrument that was used to collect data consisted of affective and cognitive
evaluation as well as behavioral intention items beside knowledge items. Thus, the
researchers attributed the inverse relationship to the participants’ concern and worries
about biotechnology issues. As the scales used in present study did not include affective
and cognitive evaluation items as Klop and Severien’s (2007) scale, it is not possible to
directly interpret the inverse relationship between knowledge and attitude dimensions by
teachers’ concerns and worries. However, holding unfavorable attitudes towards gene
therapy and gene therapy applications might be related to teachers’ perceptions of
changing human genes as nearly half of participants were remained unsure about changing
human genes in present study. This also be related with status of embryo (Halverson et al.
2010). Even gene therapy and gene therapy applications required no elimination of human
embryo, moral status of embryo as perceived by teachers may cause developing
unfavorable attitudes. Another explanation of holding unfavorable attitudes towards gene
therapy and gene therapy application might be that females tended to hold higher risk
perceptions as suggested by Crne-Hladnik et al. (2009, 2012).
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Additionally, the current study revealed that female science teachers who were
knowledgeable in genetics literacy tended to be more efficacious with respect to teaching
genetics literacy to their students and tended to understand the necessity of these issues.
They were also aware of the factors that might prevent them from effective
implementation. The positive relationship between knowledge and self-efficacy was
anticipated because the studies reported that that highly efficacious teachers tended to
have sufficient conceptual understanding as well as have less misconceptions (Schoon &
Boone, 1998; Sonmez & Kilinc, 2012; Tekkaya et al. 2002). For instance, Schoon and
Boone (1998) investigated the relationship between pre-service elementary teachers’
teaching efficacy beliefs and the number of alternative conceptions. A total of 619 pre-
service teachers were surveyed throughout a survey that measured both science teaching
efficacy beliefs and alternative conceptions. The results indicated revealed no relationship
between number of alternative conceptions and science teaching efficacy beliefs. The
findings indicated that high efficacious PSTs were more knowledgeable in science
concepts being assessed by the inventory. Likewise, Tekkaya and her colleagues (2002)
investigated the relationship between Turkish senior pre-service science teachers’
understanding of science concepts and their teaching self-efficacy beliefs regarding
science. The results implied that the number of courses completed and having sufficient
conceptual understanding in science increased PSTs’ personal teaching efficacy beliefs
regarding science positively. As the PSTs in their study were senior student about to begin
their teaching experience, the findings supported the findings of present study. Even
though the findings of present study reported a positive relationship among gender,
knowledge and teaching perceptions, some studies reported no gender difference (Cantrell
et al. 2003; Sahin et al. 2010; Sonmez & Kilinc, 2012). For instance, the work of Sonmez
and Kilinc (2012) investigated pre-service science teachers’ knowledge levels, risk
perceptions and attitudes about genetically modified foods (GM foods) as well as their
self-efficacy beliefs about teaching GM foods. While researchers explored a number of
factors (knowledge, risk perceptions and attitudes about GM foods, age, gender, preparing
project and joining science Olympiads) that affect PSTs’ self-efficacy beliefs by using

step-wise regression model, they concluded that, only knowledge in GM foods and joining
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science Olympiads influenced PSTs’ self-efficacy beliefs positively. As indicated, the
aforementioned studies suggested the idea of knowledgeable individuals perceiving more
efficacious regarding teaching genetics related issues. Thus, it is anticipated that more
knowledgeable individuals to have/develop higher levels of self-efficacy beliefs regarding

teaching genetics literacy.

Even though the present study revealed that female science teachers who were
knowledgeable in genetics literacy tended to be highly efficacious with respect to teaching
genetics literacy, descriptive statistics indicated that were not highly confident in their
abilities to teach genetics literacy to their students and showed moderate sense of self-
efficacy beliefs. While this study findings regarding teachers’ self-efficacy beliefs are in
parallel with previous studies conducted with Turkish pre-service biology teachers that
was reported having moderate sense of self-efficacy teaching beliefs (Sesli & Kara, 2012),
other studies conducted with pre-service and in-service science teachers reported that
PSTs showed high level of confidence in their teaching abilities to teach (Aydin & Boz,
2010; Sahin, Ertepinar, & Isiksal, 2010; Tekkaya, Cakiroglu, & Ozkan; 2002).
Researchers attributed their confidence in teaching science to the number of courses the
PSTs had during their undergraduate education which help them to gain experience
(Aydin & Boz, 2010; Tekkaya et al. 2002). As conforming their views, Aydin and Boz
(2010) reported grade level differences among elementary science teachers and reported
that senior PSTs were more efficacious when compared to the freshmen. On the other
hand, in this study, teachers even they completed undergraduate courses and had teaching
experience in public schools showed moderate self-efficacy beliefs. The decrease in
teachers’ confidence maybe related to the hinderer factors that they reported. As genetics
literacy mainly focuses on controversial issues, teachers’ perceptions regarding these

hinderers may shape their instructions as well as their confidence.

Besides being female, more knowledgeable and more efficacious with respect to teaching
genetics literacy, science teachers in our sample, acknowledged the necessity of these
issues as well as the existence of factors such as maturity or conflicting with students’

own values that hinder them. In line with this finding, Lazarowitz and Bloch (2006)
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indicated that more knowledgeable teachers tended to be aware of the importance of
teaching controversial issues in their classes. Moreover, these teachers also acknowledged
the hinderer factors that might prevent effective implementations. As mentioned, highly
efficacious teachers are more likely to be aware of their strengths and weakness in terms
of teaching and classroom management as well as the other factors that influence students’
learning (Czerniak & Haney, 1998; Czerniak & Schriver, 1994). Moreover, a number of
studies reported that even teachers acknowledged the importance of issues like
biotechnology or genetically modified foods, they tended to express many factors that
prevent them effective implementation of these issues into their classes (Bryce & Gray,
2004; Borgerding et al., 2013; Fonseca et al. 2012; Lazarowitz & Bloch, 2005; Lee et al.
2006; Steele & Aubusson, 2004; van der Zande et al. 2012). For instance, Fonseca and
her colleagues (2012) indicated that even science teachers showed willingness to
participate training programs regarding biotechnology and use as well as develop
materials, they reported that curriculum restrictions limit their implementations. External
examinations such as state or university entrance exams (Lazarowitz & Bloch, 2005;
Steele & Aubusson, 2004), lack of material and time and curriculum overload (Lee et al.,
2006; Borgerding et al. 2013) and student difficulties and maturity (Lee et al., 2006; Steele
& Aubusson, 2004); and low self-efficacy beliefs about effective teaching of controversial
issues (Lee et al. 2006) were other factor being reported. To sum up, even teachers, in this
study felt the necessity and importance of issues in genetics literacy for their raising
students as genetically literate, they stressed a number of factors which also reported in

literature.

It has been noted that female science teachers who were knowledgeable in genetics
literacy tended to be more efficacious as stated earlier. As the present study focused on
more than one specific dimension of genetics literacy by considering knowledge, attitude
and teaching perceptions, it is possible to obtain a gender difference in this study. As
reported in the literature, gender was an important factor that has long been investigated
in explaining and interpreting knowledge and attitude towards various issues in genetics

and biotechnology as well as the relationships between knowledge and attitude constructs
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(e.g., Acra, 2006; Cantrell et al. 2003; Sohan et al. 2002; Sorgo & Ambrozi¢-Dolinsek;
2009, 2010; Usak et al. 2008; Sahin et al. 2010; Sonmez & Kilinc, 2010). Previous studies
conducted with pre- and in-service teachers as well as college students which explored the
relationship between self-efficacy beliefs and gender revealed no gender difference while
some reporting only knowledge and self-efficacy relationship (Sonmez & Kilinc, 2010).
As this study did not just focus on the relationship between self-efficacy beliefs and
gender, but also focused on knowledge and other factors at the same time, it may be
possible to expect contrasting results with existing literature. The previous studies
exploring gender often presented mixed results with some studies reported no gender
difference (Crne-Hladnik et al. 2009, 2012; Klop & Severiens, 2007), while others found
females having less favorable attitudes towards various issues (Ishiyama et al. 2008; Klop
& Severiens, 2007; Rundgren, 2011; Sohan et al. 2002; Usak et al. 2009; Qin & Bown,
2007; 2008). Even mixed results within same population have been reported (Crne-
Hladnik et al. 2009, 2012). For instance, Crne-Hladnik and her colleagues (2009, 2012)
reported no gender difference in participants’ attitudes towards some issues such as Bt
corn and somatic gene therapy, while females held unfavorable attitudes towards germ-
line gene therapy. Indeed, in present study knowledgeable female teachers who were
highly officious were also held unfavorable attitudes towards gene therapy and gene
therapy applications. Thus, as the present study explored the relationship among more
than two constructs (knowledge, attitudes towards various issues and teaching
perceptions) as well as a number of factors that possibly in relation to these constructs at
the same time, it is possible to get gender difference in present study. In fact, the
relationship among genetics literacy levels, attitudes towards various issues in genetics
literacy as well as teaching perceptions had not been explored before by considering
factors such as gender, teaching experience or self-perceived interest and knowledge in

genetics.

With respect to the second pair of canonical variates, teaching experience and self-
perceived knowledge was associated with lower levels of genetics literacy as well as

holding unfavorable attitudes towards abortion, gene therapy and gene therapy
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applications. That is, that experienced science teachers who perceived themselves
knowledgeable in genetics literacy, in fact, were likely to be less genetically literate and
held unfavorable attitudes towards abortion, gene therapy and gene therapy applications.
In fact, the literature regarding teaching experience demonstrated conflicting results. Low
levels of genetics literacy were associated with developing unfavorable attitudes towards
specific issues, namely abortion, gene therapy and gene therapy application. This finding,
in fact, is not in parallel with the findings discussed above which reported knowledgeable
science teachers tended to held unfavorable attitudes towards gene therapy and gene
therapy applications, while holding favorable attitudes towards general attitude items.
Indeed, this finding might be expected as the previous studies exploring relationships
between knowledge and attitude constructs towards various issues in genetics literacy did
not present a unified conclusion either direct-reverse or no relationship explaining the
relationship between knowledge and attitude constructs. Thus, when the second pair of
canonical variates considered, revealing different patterns than the first pair of canonical
variate might be possible as the literature demonstrated a wide range of explanation for
the relationship between knowledge and attitude constructs. For instance, teaching
experience is an important factor that might cause a difference between first and second
pair of canonical variates. While our study revealed experienced science teachers were
less knowledgeable in terms of genetics literacy and holding unfavorable attitudes towards
some issues, previous studies demonstrated diverse results explaining the role of teaching
experience. While there was not any study directly investigated the role of teaching
experience on genetics literacy levels or attitudes towards issues such as gene therapy,
some studies were available focusing on biotechnology issues in the literature. For
instance, some studies reported that teaching experience did not affect participants’
attitudes and knowledge regarding biotechnology issues (Boone et al. 2006). On the other
hand, some other studies found in literature reported that experienced science teachers
tended to be less informed regarding biotechnology issues (Fonseca et al. 2012). The
findings of this study regarding teaching experience is confirmed by Fonseca and her
colleagues’ (2012) study which explored Portuguese biology teaches’ beliefs about
teaching biotechnology issues and the relationship between their beliefs and
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biotechnology teaching. They concluded that experienced teachers perceived themselves
less informed about biotechnology issues. Indeed, in our study, experienced science
teachers were found to be less knowledgeable in genetics literacy. In contrast to this
finding, some studies reported that experienced teachers were more aware of their
students’ use of different reasoning skills (van der Zande et al. 2009), and the importance
of genetics related issues, thus, prefer to teach them (Borgerding et al. 2013) as well as
used more problem based activities (van der Zande et al. 2013). The difference between
research findings may be caused by the focus of research, cultural differences or methods
adopted in different research. For instance, van der Zande and his colleagues’ studies
(2009, 2012) focused on genetic testing, while, Fonseca et al. (2009) and Borgerding et
al. (2013) focused on biotechnology issues in general. Also, these studies were conducted
with science teachers in different cultural contexts as Portuguese, Dutch and American
science teachers. While the aforementioned studies adopted qualitative methods for
exploring teachers’ preferences and ideas about implementing genetics related issues into
their classes, the present study finding focused on the interpretation of quantitative data
gathered from science teachers. Altogether, there might be some differences with respect
to the teaching experience. Thus, additional interviews were conducted to further explore

the underlying factors that influence Turkish science teachers’ decisions in present study.

It is important to mention that, both pairs of canonical variates revealed unfavorable
attitude towards gene therapy and gene therapy applications. This may be caused by the
moral status of embryo and risk perceptions as perceived by teachers as discussed above
(Crne-Hladnik et al. 2009; 2012; Halverson et al. 2010). Another explanation for
explaining teachers’ holding unfavorable attitudes towards gene therapy and gene therapy
applications might be related with participants’ concerns about “designer babies” issue
(Lederman et al. 2014; Leslie & Schibeci, 2006; Nielsen, 2012). The term “designer baby”
referred to the use of gene therapy for different purposes other than eliminating severe
hereditary diseases as Nielsen (2012) indicated. Lederman and his colleagues (2014)
indicated that letting parents to design their own child can create “a genetic caste system”

which is a major concern for participants. Thus, the science teachers in present study may
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hold unfavorable attitudes towards gene therapy issues. Their concerns and reasons behind
their concerns about gene therapy will be discussed within the light of their responses to

the interview questions in following chapter.

5.1.3. Discussion of the findings for factors influencing science teachers’ decision

making process

The literature examining informal reasoning and decision making processes regarding
genetics related issues including socio-scientific issues and biotechnology revealed a wide
range of factors that influence participants’ decisions (Bell, 2002; Bell & Lederman, 2003;
Christenson et al. 2012; Dawson, 2011; Grace & Ratcliffe, 2002; Halverson et al. 2009;
Lee & Witz, 2009; Sadler & Zeidler, 2004, 2005a; Sadler et al. 2006; van der Zande et al.
2009; 2011). Decision making processes, specifically focusing on controversial issues like
genetics related issues are influenced by multiple factors (Halverson et al. 2009). As
teachers’ implementation as well as integration of issues regarding genetics literacy into
their science classes are closely related with their ideas, values, philosophies and personal
concerns as Lee and Witz (2009) indicated, the factors that might influence teachers’
decisions, which in fact determine their classroom applications, have become prominent.
In present study, while quantitative data gathered from administration of scales served as
describing general tendencies of science teachers in terms of genetics literacy, attitudes
and teaching perceptions as well as the relationship among them; the qualitative data
gathered from teacher interviews served to determine the possible factors that might

influence their decisions.

The qualitative results of present study revealed that science teachers’ decision making
processes were influenced by a wide range of factors. The most evident result is that
science teachers’ decisions are influenced by moral considerations (35% of total
statements). The moral considerations emerged from present study were taking human
life, means to an end, disturbing natural order, health improvement, social stratification,
slippery slope, societal betterment and diversity which were originated from the studies

exploring informal reasoning patterns in the context of SSls that were referred as

212



rationalistic informal reasoning patterns (Sadler & Zeidler, 2004; Sadler & Zeidler,
2005a).

Some of rationalistic moral considerations rooted from moral principles (referred as
principle-based) such as using embryo as a tool or altering the natural process and some
of them were based on the consequences of genetic applications (referred as consequalistic
such as health improvement, creating classes of “genetic haves” and “genetic have nots”,
using genetic application in unacceptable contexts, improvement of society overall and
erosion of diversity (Sadler & Zeidler, 2004; 2005a). While science teachers in present
study frequently used consequalistic moral patterns (25% of total statements) when
compared to principle based patterns (10% of total statements) implying that teachers’
decisions were mainly influenced by the consequences of the genetic applications. Among
these consequalistic patterns, “health improvement” was the most frequently stated one
by science teachers in the present study. All the science teachers evaluated the genetic
applications in the scenarios by considering improvements in the health of individuals at
first hand. While all the science teachers clearly approved the use of genetic applications
for the purpose of treatment of diseases, they opposed the same genetics applications for
other purposes such as changing eye color or hair color of individuals. For instance,
teachers approved gene therapy applications for treatment of Huntington disease or cystic
fibrosis, but they clearly indicated that they had concerns about the use of gene therapy in
other areas such as for the purpose of increasing intelligence, determining of an unborn
baby’s hair or eye color. This finding was also supported the quantitative part of present
study which reported that science teachers’ attitudes were changed based on the issue
being investigated. For example, the teachers showed a great tendency to accept gene
therapy, gene therapy applications as well as pre-implementation genetic diagnosis for the
treatment of serious diseases such as heart disease or breast cancer. Indeed, in this study,
teachers favored and accepted the genetic applications presented in the scenarios for the
treatment of diseases. In line with this finding, some studies also reported that health issues
were important while making decisions in controversial issues (e.g., Khishfe, 2012;
Halverson et al. 2009; Lee, 2012; Ozer-Keskin, 2013; Sadler & Zeidler, 2004, 2005a). For
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instance, in her study Khishfe (2012) reported that some students favored genetic
engineering applications as these applications make people healthier. Likewise,
quantitative studies that reported that participants favored genetic applications in the
context of health related issues (Ishiyama et al. 2012; Ozer-Keskin, 2013; Sohan et al.
2002).

One explanation for the significant role of moral consideration on science teachers’
decision making role may drive from the socio-cultural factors. Along with religious and
value considerations, as explained earlier in first part of discussion, science teachers’
decisions are deeply influenced from Turkish socio-cultural norms. The available
literature in the context of biotechnology, and socio-scientific issues suggested that
moral/ethical considerations as an important factor that influence participants’ decision
making processes including students (Christenson et al. 2012; Crne-Hladnik et al. 2012
Zande et al. 2009), undergraduates (Sadler & Zeidler, 2004, 2005a; Topcu, 2008) as well
as teachers (Lee & Witz, 2009; van der Zande, 2011). In line with the findings of present
study, studying with college students, Sadler and Zeidler (2004) indicated that college
students mostly used rationalistic reasoning patterns when compared to emotive based or
intuition-based reasoning while making decisions. Likewise, studying with Turkish pre-
service science teachers, Topcu (2008) found out that PSTs mainly used rationalistic
informal reasoning patterns in gene therapy, cloning and environmental socio-scientific
issues. He claimed that participants’ religious beliefs might be influential in the
participants’ rationalistic reasoning patterns. Indeed, in present study, even though not
stated frequently as other factors, religious factors were another influential factor to be
considered.

In addition to the moral factors revealed in this study, teachers also showed empathy or
sympathy towards the fictious characters in the scenarios which implied their decisions
were also influenced by emotive considerations. While some teachers showed empathy
towards the parents or patient/child in articulated scenarios, some teachers stated that their
current status as being mother influenced them and thus, their decisions emotionally.

Along with emotive factors, teachers indicated their concerns regarding the difficulties
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that families will face when raising the child as well as the problems that patients will face
with such as sufferings or care problems. All the teachers participated in this study
considered both parents’ and child’ psychological state when articulating their opinions.
In fact, the studies focusing on informal reasoning patterns also explored participants’
emotive and intuitive informal reasoning patterns along with rationalistic informal
reasoning patterns (Crne-HaIaniCk et al. 2012; Dawson & Venville, 2009; Sadler &
Zeidler, 2004, 2005a, 2005b; Topcu, 2008, van der Zande et al. 2009). In addition, some
studies specifically explored how psychological state of both participants and the fictious
characters influenced the participants’ decisions and reported that socio-psychological
concerns indeed influenced the participants’ decisions thus, should be included and
considered while exploring decision making patterns (Boerwinkel et al. 2011; Lee, 2012;
Kolste, 2006; van der Zande et al. 2011). Interestingly, studies exploring adults (college
students or pre-service science teachers) and students’ decision making patterns reported
while students’ decisions are mainly influenced by their emotive considerations (e.g.,
Dawson & Venville, 2009; van der Zande et al. 2009), college students and pre-service
teachers’ decisions are based on rationalistic moral reasoning patterns (e.g., Sadler &
Zeidler, 2004; Topcu, 2008). As discussed above, this is an important finding that shows
the discrepancy between the main factors that influence teachers’ and students’ decisions.
Actually, this was an expected situation as Dawson (2007) revealed that as students get
older, they develop deeper understanding of biotechnology, cloning and genetically
modified foods. Moreover, exploring decision making competence, Eggert and Bogeholz
(2010) developed an instrument for assessing students’ decision making competence and
revealed students’ decision making competence increased with respect to level of
education implying that as the students get older, they develop more comprehensive
decision making skills. Thus, college students and pre-service science teachers might
develop deeper understanding about issues in genetics literacy as well as develop more
comprehensive decision making skills throughout their formal education. Indeed, in
current study, science teachers dealt with a wide range of factor while making decision
which can be an indicator of developing comprehensive decision making skills. Also,

science teachers might be aware of their students’ decision making processes as well. In
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line with this, in their study, van der Zande and his colleagues (2009) explored science
teachers’ awareness of the patterns that their students’ use while making decisions. They
reported that teachers noticed the existence of different reasoning patterns of their
students, but they failed to make a distinction between reasoning patterns and to choose
appropriate skills for addressing different reasoning patterns in their classes. Accordingly,
even science teachers acknowledged the existence of different reasoning patterns that their
students use while making decisions, holding low self-efficacy beliefs regarding teaching
of issues in genetics literacy may hinder them choosing appropriate teaching skills as well

as having confidence to teach these issues.

Another important finding that interviews illuminated was that all the teachers referred
scientific evidences, experimental nature of the treatments and tentative nature of
scientific knowledge in their decisions. Specifically, teachers’ referring to the scientific
evidence and experimental nature of treatments was most evident in fetal tissue
transplantation scenario which was specifically emphasized as being an experimental in
the scenario. Teachers’ also highlighted the tentative nature of science in the all the
scenarios as they showed high degree of faith in scientific developments even though they
obviously did not refer tentativeness as a characteristic of nature of science. In line with
this finding, the studies focusing on the relationship between nature of science and
decision making processes revealed that participants frequently used characteristics of
nature of science such as experimental nature of science or tentative nature of science
(Chang & Chiu, 2008; Khishfe, 2012; Lee et al. 2012). For instance, exploring Taiwanese
undergraduate students’ informal reasoning patterns, Chang and Chiu (2008) identified
one of the sources that students use while making decisions as scientific beliefs which
refers participants’ beliefs about the value of scientific research as well as uncertainty and
temporary nature of science. In another study investigating how Korean pre-service
teachers dealt with SSIs, Lee and her colleagues (2012) revealed that PSTs tended to
possess a high degree of faith in science and technology. On the other hand, in a previous
study conducted with university science and non-science professors, Bell and Lederman

(2002) reported that the participants failed to identify the role of experimental nature of
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science, the role of scientific knowledge and tentativeness in science while dealing with
fetal tissue transplantation scenario. Accordingly, while some studies highlighted that
participants’ decisions were influenced by some characteristics of nature of science such
as tentativeness or experimental nature of science, some studies revealed that participants
were not aware of the role of these characteristics on their decisions. Indeed, in present
study, teachers explicitly refereed these characteristics and showed high reliance of
science and technological developments. Actually, the relationship between decision
making and NOS has been an issue for some studies (Bell, 2001; Bell & Lederman, 2002;
Khishfe, 2012). Thus, teachers’ acknowledgement of NOS is important for their classroom
applications.

Despite having faith in science and scientific developments, science teachers in current
study identified some concerns that genetics technologies have created such as the
credibility of the scientists, side effect of new technological applications, the possibility
of misuse of genetic applications as well as risk factors and uncertainty associated with
new genetic technologies. All the teachers expressed that they were concerned about
misuse of genetic applications such as creating new diseases or using genetic applications
with purposes other than treatment of existing diseases. In fact, the existing literature
focusing on SSls and biotechnology issues frequently emphasized that participants
showed a wide range of concerns about genetic applications such as uncertainty
(Boerwinkel et al. 2011; Chang & Chiu, 2008; Kolste, 2006; Lee, 2012; van der Zande et
al. 2011); risk factors and risk analysis (Crne-Halanick et al. 2012; Ishiyama et al. 2008;
Kolsta, 2006; Lee, 2012; Lee et al. 2012; Sohan et al. 2002) and side effect of genetic
applications (Sadler & Zeidler, 2005a, 2004).

Lastly, teachers in present study indicated some concerns regarding economic, politic and
legal aspects of genetic applications. Regarding economic concerns, teachers highlighted
the possible inequalities in accessing the genetic application between poor and rich people.
Indeed, Topcu (2008) also reported that Turkish pre-service teachers’ concern about
economic situations and indicated that economic factors were distinctive in their informal

reasoning skills. In addition, other studies conducted with issues in genetics literacy
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confirmed this finding (Halverson et al. 2009; Lee, 2012; Khishfe, 201). Considering legal
Issues, science teachers referred the necessity of legal limitations and regulations in
genetic applications. In addition, they indicated that the regulations should be done by
international independent scientific committees. With this respect, a few teachers
emphasized the role of governments in development and use of these genetic technologies.
These findings are important as previous studies conducted in Turkey did not reveal
participants’ concerns about political and legal aspects regarding issues in genetics
literacy (e.g., Topcu, 2008; Ozer-Keskin, 2013), even though the international studies
emphasized the existence of legal concerns (Lazarowitz & Bloch, 2006; van der Zande et
al. 2012), politic concerns (Christenson et al. 2012) as factors influencing decision making

framework.

As a conclusion, the discussed factors above asserted that the decision making process
regarding controversial issues in genetics literacy could not be influenced by a major
factor. Instead the decision making process were influenced a wide range of factors and
interactions among these factors. In line with this finding, previous studies unveiled
similar factors such as political, cultural and social factors (Lee, 2007); risk factors
(Kolste, 2006; Lee, 2012); sociocultural and psychological factors and uncertainty
(Boerwinkel et al. 2011; Lee, 2012; Kolste, 2006); rationalistic, emotive and intuitive
factors (Crne-Halanick et al. 2012; Dawson & Venville, 2009); religious factors
(Halverson et al. 2009; Khishfe, 2012; Lee, 2007; Lee et al., 2012; Ozer-Keskin, 2013;
Topcu, 2008; Zeidler et al. 2002); value factors (Bell & Lederman, 2002; Boerwinkel et
al. 2011; Christenson et al. 2012; Grace & Ratcliffe, 2002; Kolste, 2006; Lee, 2012; Ozer-
Keskin, 2013; van der Zande et al. 2011, 2012), personal choice (Ozer-Keskin, 2013),
legal concerns (Lazarowitz & Bloch, 2006; van der Zande et al. 2012), politic concerns
(Christenson et al. 2012) and economic factors (Lee, 2012; Khishfe, 2012). Even the
reported studies used different frameworks including different factors, some researchers
emphasized the need of a wider framework including multiple factors as well as
considering the interaction among these factors in decision making process (Christenson

et al. 2012; Lee, 2012). Indeed, the present study supported the necessity of a wider
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framework including multiple factors. In addition to aforementioned factors, some studies
emphasized the crucial role of content knowledge in decision making (Sadler & Zeidler,
2005b; van der Zande et al. 2011). For instance, exploring the factors that influence
science teachers’ decision making in the context of genetic testing, van der Zande et al.
(2011) revealed that besides ethical, legal and social aspects and characteristics as
uncertainty, complexity, probability, and morality of genetic testing, content knowledge
was required. Even the qualitative results did not directly reveal the role of content
knowledge in genetics, the quantitative results of current study illuminated the role of
content knowledge as well as relationship among genetics literacy levels, attitudes towards
a wide range of issues and teaching perceptions about genetics literacy. While quantitative
results of present study revealed there is some degree of relationship among science
teachers’ genetics literacy levels, attitudes towards a wide range of issues in genetic
literacy and teaching perceptions about genetics literacy, the qualitative results revealed
science teachers’ decisions were influenced by a large number of factors. As teachers’
implementations are deeply influenced by their ideas, values, philosophies and personal
concerns (Lee & Witz, 2009; Lee, 2012), illuminating the factors that influence teachers’
decisions may also be helpful in understanding how the they shape their classroom

implementations regarding issues in genetics literacy.
5.2. Conclusions

In the current study, the relationship among science teachers’ genetics literacy levels, their
attitudes towards various issues in genetics literacy, namely, general attitude, use of
genetic information, abortion, pre-implementation genetic diagnosis, gene therapy and
gene therapy applications and teaching perceptions with respect to the teachers’
background variables as gender, teaching experience, self-perceived interest and
knowledge in genetics were explored. Findings of the study concluded that being female,
having high level of interest in issues in genetics literacy and perceiving themselves as
knowledgeable in genetics literacy associated with higher levels of knowledge in genetics
literacy and favorable attitudes towards general attitudes as well as believing the necessity

of introducing genetics literacy and holding higher self-efficacy teaching beliefs. They,
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however, were likely to emphasize more hinderer factors as well as holding unfavorable
attitudes towards gene therapy and gene therapy applications. In addition, experienced
science teachers who perceived themselves knowledgeable in genetics literacy, in fact,
were likely to be less genetically literate and held unfavorable attitudes towards abortion,

gene therapy and gene therapy applications.

As the background characteristics did not fully explained the variance in the relationships
among genetics literacy levels, attitudes towards various issues dealt with in genetics
literacy framework and teaching perceptions, it is possible that there is also other factors
that may influence teachers’ attitudes as well as their teaching perceptions. Beyond
exploring quantitative relationships, the present study also explored how teachers made
decisions regarding controversial issues considered in genetics literacy framework.
Qualitative results of current study revealed that science teachers’ decisions were
influenced by a wide range of issues including moral, emotive, value, economical, legal,
socio-cultural, religious, political as well as technological considerations. The most
influent factor was moral considerations. Specifically, teachers mainly used consequalistic
moral considerations while making decisions. Health improvement was apriority in their
decisions. Furthermore, all the teachers’ decisions were influenced by the interaction of

multiple factors.

5.3. Implications of the Study

The present study has some important implications for both pre-service and in-service
teacher professional development attempts as well as science teacher educators and policy
makers. The findings of this study revealed that there is complex relationship among
teachers’ genetics literacy levels, their attitudes towards various issues and their teaching
perceptions which was influenced by multiple factors as moral, emotive, value,
economical, legal, socio-cultural, religious, political as well as technological
considerations. As teachers’ implementations are deeply influenced by their ideas, values,
philosophies and personal concerns (Lee & Witz, 2009; Lee, 2012), teachers’ role in
science classes should be reconsidered with the light of the findings of current study. As

a result of rapid technological developments in genetics, issues regarding genetics such as
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gene therapy, genetic modifications of animals and foods, stem cell research possibilities
have become prominent part of daily life. Therefore, students come to classes by being
exposed to many information from mass media sources like internet or television
programs. Thus, teachers are needed to be ready for answering their students’ questions
as well as providing appropriate environments for their students to take part in debates or
discussions regarding controversial genetic related issues. They also are needed be able to
create teaching environments which are open to discussions considering arguments,
counter arguments based on the evidences which in turn will be resulted in the
development of students’ decision making processes as well as preventing development
of misconceptions. So, their students will be enable to understand different perspectives
on an issue and to respect others’ ideas and make informed decisions. Thus, they can raise
their students as future citizens of modern society by considering their students’ needs
besides teaching solely knowledge as Lazarowitz and Bloch (2006) argued. Therefore,
science teacher educators as well as curriculum developers should able to acknowledge
the importance of inclusion of these controversial issues into science classes as well as the
role of these issues in raising students who are able to make informed decisions in daily

life issues consisting ethical, legal or social dilemmas such as genetic testing situations.

These issues are also needed to be part of curriculum as Lazarowitz and Bloch (2006)
argued without including controversial ethical issues related with genetics into science
curriculum, science teachers might demonstrate unwillingness to teach or discuss these
issues in their classes. As teachers include these issues in their classes, they could create
environment which enhance active participation of their students. With this respect, the
instructional interventions have become prominent. Halverson and her colleagues (2009)
clarified that these kind of instructional interventions are effective ways of translating
scientific content knowledge into decision making tasks. It was also stated effective
implementations of teacher are supposed to enhance students’ reasoning abilities as
Zeidler and his colleagues (2002) proposed. While developing interventions, teachers
should consider a wide range of approaches such as dramatic interpretations, storytelling

and critical reading and writing activities as well as role plays (Oulton et al. 2004;
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Rattcliffe, 2009). In addition to these activities, argumentation regarding controversial
Issues and case-based socio-scientific issues can be another ways for development of
students’ reasoning abilities (Zeidler et al. 2005; Zohar & Nemet, 2002). With this respect,
advance knowledge in genetics literacy may influence science teachers’ reasoning abilities
and decision making strategies as well as development of confidence in teaching.
Therefore, it is important to include issues reflected in genetics literacy such as gene
therapy or genetic testing to both pre-service and in-service teacher education courses for
ensuring that science teachers to develop abilities to deal with these issues during their
classes. These development programs should include moral, emotive, value, economical,
legal, socio-cultural, religious, political as well as technological considerations which may
be associated with these issues in order to help teacher to develop abilities to consider
multiple perspectives. While developing these kind of professional programs as well as
undergraduate courses, appropriate environments should be provided teachers as well as
pre-service teachers in order to recognize their beliefs and positions while making
decisions and freely entitled their decisions in controversial issues. With this respect, this
study also revealed that participants’ attitudes and decisions regarding genetics related
controversial issues with respect to issues and thus, even they approved some genetics
applications in some cases, for instance, diseases like cancer they might not approve them
in other cases such as determining of sex of unborn baby. This finding is actually
important in terms of developing multidimensional consideration of the same genetic
application at the same time. Such training will enable them to consider multiple
perspectives while dealing with the same controversial issues as well as enlarge their view
of science teaching. In addition, they will recognize their way of thinking while making
decisions regarding controversial issues. With this respect, teachers may need professional
assistance as Lumpe and his colleagues (1998) indicated. Therefore, science teacher
educators should provide successful implementation examples and create possibilities to
teachers and pre-service teachers to practice and develop their abilities as well as

developing confidence during practices in order to alter practice problems.
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There are a number of factors that teachers should acknowledge while developing
activities. As because of the nature of controversial genetics issues requires multiple
perspectives to consider, science teachers develop teaching activities by considering
multiple perspectives. With this respect, including ethical, legal and social aspects of
issues in genetics literacy into teaching tasks may be helpful as van der Zande et al. (2012)
proposed. Another point for effective implementation is that teachers should be able to
recognize their students’ reasoning skills. By acknowledging their students’ reasoning
skills, teachers are more easily be able to develop teaching activities for issues in genetics
literacy. Effective activities will provide students to weight possible negative and positive
consequences of controversial issues involving economical, moral, social concerns and
make a collective decision. Also these kind of activities are supposed to increase students’
motivation and interest. In addition, At this point, teachers’ role in the classrooms also is
needed to be clarified. Teachers generally should demonstrate a balanced view by

remaining neutral in discussion of controversial issues in their classes.

Lack of material and time and curriculum overload and student difficulties and maturity
are among the constraints that hinder effective implementation of controversial issues in
science classes those were reported in literature (Borgerding et al. 2013; Lee et al., 2006;
Steele & Aubusson, 2004) as well as within this study. Therefore, science curriculum
developers should able to acknowledge the existing hindering factors in front of effective
implementations and provide possible ways to overcome these difficulties. Curriculum
developers should recognize the importance of these issues for raising students that are
able to make informed decisions regarding these issues which modern societies needed
and reconsider the role of these issues in current curriculum within the light of emerging

technological developments.
5.4. Limitations and Recommendations

The present study has some limitations that should be acknowledged. First, the data were
collected from teachers’ self-report instruments which have limited number of questions

and qualitative interview protocols. As the number of questions found in the GLAI and
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the attitude scale may not sufficiently asses the genetics literacy levels of science teachers
as well as the attitudes towards various issues in genetics literacy. As the relationship
among science teachers’ background characteristics and their genetics literacy levels, their
attitudes towards various issues in genetics literacy and their teaching perceptions are
correlational in nature, the findings of current study help to understand the relationships
among the aforementioned variables but does not state cause- effect relationship. Another
limitation that should be considered in that the quantitative data analysis strategies may
not reveal the actual relationship among teachers’ genetics literacy levels, their attitudes
towards various issues in genetics literacy and their teaching perceptions. Therefore,
qualitative interview protocols were utilized in present study for getting deeper
understanding how possible relationship among the aforementioned construct were
shaped as the issues in genetics literacy consisted of controversy in their nature as Oulton
et al. (2004) indicated. It is also possible to adopt other data collection procedures for
enlarging of findings of present study. For instance, classroom observation of science
teachers can be useful for enlightening teachers’ actual practices. As this study only
explored how various factors influenced science teachers’ decisions while making
decisions regarding issues in genetics literacy, teacher actual practices or how their
practices are influenced by the factors revealed in interviews can be observed throughout
classroom observations in detail. Additionally, classroom teaching tasks as well as case-
based issues might be beneficial for exploring science teachers’ actual practices in their
classes. Actually, case-based approaches in controversial issues have been proposed in
literature (Sadler & Zeidler, 2004; 2005a). Thus, modules including case-based
approaches in genetics literacy can be beneficial for effective implementation of these
issues. Moreover, the effective participation of students into the classes including case-
based issues can be helpful in assessing the effectiveness of the developed modules.
Longitudinal studies can also be informative in terms of observing the developments in
both science teachers’ and students’ decision making processes and how they handle the
controversial issues over time. In addition to case-based approaches, argumentation and

discourse can be helpful in the development of modules for both teachers and students.
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The data of present study were collected from schools that are located in Ankara, the
capital city of Turkey. Thus, even collected from a large number of teachers in a wide
range of districts of Ankara, a nationwide study including different regional districts of
Turkey can be useful in order to gather a more representative sample of Turkey. Thus, the
results may be representative of Turkish science teachers in nation-wide. With this respect,
another recommendation is that as the current study was conducted with only public
middle school science teachers, it will be beneficial to include private middle school
science teachers in order to provide a more representative sample of Turkish middle
school science teachers. In addition, it will enable the researchers to make comparisons

between private and middle school science teachers’ perceptions of genetics literacy.

As the current study revealed that science teachers’ decisions are influenced by a wide
range of factors not only a single factor, it may be worthwhile to explore the relationships
among these factors. Another recommendation is that exploring the factors within cross-
case analysis. Thus, it becomes possible to observe how participants’ decisions are

changed within a case.

To sum up, further research is needed to explore the complex relationships among science
teachers’ genetics literacy levels, their attitudes towards various issues in genetics literacy
and their teaching perceptions by considering how they make decisions regarding these

issues.
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APPENDICES

APPENDIX A

PERMISSIONS OBTAINED FROM THE DEVELOPERS OF GLAI

Mesaj Yar Adresler Klasérler Secenelkder Ara Yardm

Konu: RE: About Genetic Literacy Assessment Inventory
Giinderen: "Bethany Bowling” <bowlingb2 @nku edu>
Tarih: 16 Aralik 2010, Persembe. 5:06 pm
Aher: beebesoy@metu edu tr
Oncelik: Normal
Secenekler: Tiim Baslildan Géster| Yazdmlabilir Selilde Géster | Bunu dosva olaral indir| HIML olarak géster

Glad that you are interested. I have attached the revised GLAI that my colleagues
and I have been working with the last couple years. There will probably be some
cultural differences, which I discovered with an Indian colleague. Feel free to use
as you like and just give appropriate credit if you use the guestions.

Bethany

Bethany Vice Bowling, PhD
Assistant Professor

Department of Biological Sciences
Northern Kentucky University
Highland Heights, KY 41089
(859)572-5415 (office)
(859)572-5839 (fax)

From: bcebesov@metu.edu.tr [mailto:beebesovfmetu.edu.tr]
Sent: Tue 12/14/2010 6:28 EM

To: Bethany Bowling

Subject: Ihbout Genetic Literacy Rssessment Inventory
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APPENDIX B

ETHICAL COMMITTEE APPROVAL OF METU

O

1956

Orta Dodu Teknik Universitesi
Middle East Technical University

Fen Bilimleri Enstitiisti
Graduate School of
Natural and Applied Sciences

06800 Ankara, Tirkiye
Phone: +90 (312) 2102292
Fax: +90 (312) 2107959
www.foe.metu.edu.tr

Sayr: B.30.2.0DT.0.AH.00.00/126/ 51§ — &5 ©
4 Temmuz 2012

Gonderilen:  Prof. Dr. Ceren Tekkaya
ilkégretim Bolumu
Gonderen :  Prof. Dr. Canan Ozgen
IAK Baskan Yardimcisi
ilgi . Etik Onayi

" Fen Bilgisi Ogretmenlerinin Genetik Okuryazarlik Diizeylerinin ve
Genetik Okuryazarhga Yonelik Tutumlarinin Belirlenmesi " isimli
arastirmaniz  “Insan Arastirmalari  Komitesi” tarafindan uygun

gorulerek gerekli onay verilmistir.

Bilgilerinize saygilarimla sunarim.

Etik Komite Onayi
Uygundur

04/07/2012

/éww

Prof.Dr. Canan OZG N
Uygulamali Etik Aragtirma Merkezi
( UEAM ) Bagkani
ODTU 06531 ANKARA
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APPENDIX C

PERMISSIONS OBTAINED FROM MINISTRY OF NATIONAL EDUCATION

o =l

GERENCI ISLERI DAIRE BASKANLIG! A\ DRTA DOGU TEKNiK UNIVERSITESI
REGISTRAR'S OFFICE

/ MIDDLE EAST TECHNICAL UNIVERSITY

B.30.2.0DT.72.00.00/400 - ‘{20{ — |\ © 07.09.2012

EGITIM FAKULTESI DEKANLIGINA

Ankara Valiligi Milli Egitim Midirligi'nden alman, [lkégretim Ana Bilim Dali
Doktora Programi oOgrencisi Umran Betiil Cebesoy’a ait yazi ilgisi nedeni ile iligikte
sunulmustur.

Bilgilerinize arz ederim.

Saygilarimla.

) Nesrin UNSAL
Ogrenci Isleri Daire Bagkani

SSD/
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Tk 2
ANKARA VALILIGI i M J
Milli Egitim Midirlagi )
SAYI  :B.08.4.MEM.0.06.20.01-60599/&> 2iiy & £)73/08/2012

KONU  : Umran Betiil CEBESOY

ORTA DOGU TEKNIK UNIVERSITESINE
(Ogrenci Isleri Daire Baskanhg)

Ilgi: 2) M.E.B. Yenilik ve Egitim Teknolojileri Genel Miidiirliigiiniin 2012/13 nolu Genelgesi.
b) Universiteniz Ogrenci Isleri Daire Baskanhgimnn 31/07/2012 tarih ve 4025 sayil1 yazisi.

Universiteniz ilkogretim Ana Bilim Dali doktora &grencisi Umran  Betiil
CEBESOY’un “Fen bilgisi 6gretmenlerinin genetik okuryazarhk diizeylerinin ve genetik
okuryazarhi@ yonelik tutumlarmmn belirlenmesi” konulu tezi ile ilgili ¢alijma yapma
istegi Miidirliigiimiizce uygun goriilmiiy ve arastirmanin yapilacag llge Milli Egitim
Miidiirliigiine bilgi verilmistir.

Miihiirli anket ornekleri (8 sayfadan olusan) ekte gonderilmis olup, uygulama
yapilacak sayida gogaltilmast ve calismanin  bitiminde  iki orneginin  (CD/disket)

Midiirliigiimiiz Strateji Geligtirme Boliimiine gonderilmesini rica ederim.
N

Miidiir a.
Sube Midiirii

EKLER : Anket (8 Sayfa)

0609.12+014810
il Milli Egitim Midirltgi - Begevler Tel: 2210217 -134 /135
Bilgi igin: Nermin CELENK Faks: 223 75 22
istatistik06@meb.gov.tr
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APPENDIX D
VOLUNTARIY PARTICIPATION FORM

GONULLU KATILIM FORMU

Bu calisma, Ars. Gor. Umran Betiil Cebesoy tarafindan Prof. Dr. Ceren Oztekin
danmismanligindaki doktora tezi kapsaminda yiiriitiilen bir calismadir. Calismanin amaci,
fen ve teknoloji 6gretmenlerinin genetik okuryazarlik durumlari, genetik okuryazarliga
yonelik tutumlar1 ve genetik okuryazarlik Ogretimine yonelik algilariyla ilgili bilgi
toplamaktir. Caligmaya katilim goniilliiliik esasina dayanmaktadir. Ankette, sizden
kimlik veya calisilan kurumun belirlenmesine yonelik hicbir bilgi istenmemektedir.
Cevaplariniz tamimiyle gizli tutulacak ve sadece arastirmacilar tarafindan

degerlendirilecektir; elde edilecek bilgiler bilimsel yayimlarda kullanilacaktir.

Anket, genel olarak kisisel rahatsizlik verecek sorulart icermemektedir. Anket sonunda,
bu ¢alismayla ilgili sorulariniz olmasi durumunda, sorulariniz arastirmaci(lar) tarafindan
cevaplanacaktir. Bu calismaya katildiginiz i¢in simdiden tesekkiir ederiz.  Calisma
hakkinda daha fazla bilgi almak igin Ilkégretim Boliimii 6gretim {iyelerinden Prof. Dr.
Ceren Oztekin (Oda:116; Tel: 210 4194; E-posta: ceren@metu.edu.tr) ya da arastirma
gorevlisi Umran Betiil Cebesoy (Oda: 104; Tel: 210 4065; E-posta:

bcebesoy@metu.edu.tr) ile iletisim kurabilirsiniz.

Bu ¢alismaya tamamen goniillii olarak katiliyorum ve istedigim zaman yarida kesip
¢tkabilecegimi biliyorum. Verdigim bilgilerin bilimsel amacli yayimlarda kullaniimasin

kabul ediyorum. (Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Ad- Soyad: Tarih Imza
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TEACHER DEMOGRAPHIC INFORMATION SCALE

APPENDIX E

KiSISEL BiLGI FORMU
1. Cinsiyetiniz: 7. Genetik ile ilgili, genel olarak, ne kadar bilginiz
U Kadin UErkek oldugunu diistintiyorsunuz?

2. Bransmiz:

Q Fen Bilgisi Ogretmenligi
Q Biyoloji Ogretmenligi

Q Fizik Ogretmenligi

0 Kimya Ogretmenligi
UDiger (Liitfen Belirtiniz)

3. Mezun Oldugunuz Fakiilte:
U Egitim Fakiiltesi

U Fen Fakiiltesi

U Diger (Liitfen belirtiniz)

4. Fen fakiiltesi mezunu iseniz
formasyonunuz var mi1?
U Evet U Hayir

5. Mesleki Deneyiminiz:
a1yl U 11-13 yil

U 2-4 yil U 14-16 yil
57yl U 16-19 yil
Q8-10yil U1 20 yildan fazla

6. Genetik konusu ile ne kadar

ilgilisiniz?
U Cok ilgili U Biraz
Q Cok az ilgili Q Ilgisiz

O Cok fazla  UYeteri kadar

a Az U Bilgim yok

8.Genetik 5 = £
uygulamalart  ile | | = = = g o 5
ilgili  bilgilerinizi | =< i % R| & < &
nereden = Z| gl E| = %
ediniyorsunuz? 8 3| 3 E 5 g 3
Gazete ve

dergilerden

Internet sitelerini
ziyaret ederek

Televizyon
izleyerek (Ornegin
belgesel)

Okuldan
(6gretmen, dersler,
ders kitaplari)
Ailemden
Arkadaglarimdan
Simdiye kadar
hicbir bilgi
edinmedim

Diger (Liitfen belirtiniz):
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APPENDIX F

GENETICS LITERACY ASSESSMENT INVENTORY

GENETIK OKURYAZARLIK OLCME ENVANTERI
Yetiskinlerin boy uzunlugu kismen genler tarafindan belirlenir. Cevresel faktrler sabit tutuldugunda (insanlarin boylari sadece
kisa, orta ve uzun olmakla kalmayip) cesitlilik gsterir. Boy uzunlugu, asagidakilerden hangisinden etkilenmis olabilir?
a. lki alleli olan tek bir genden,
b. Cekinik tek bir genden,
c. Baskin tek bir genden,
d. Birgok genden,
e. Sadece babadan gelen genlerden,
Molekiiler genetik miihendisligi mimkiindiir;
a. Clnkl yasayan tim organizmalar, ayni DNA dizilimine sahiptir.
b. Clnki yagayan tim organizmalar genetik materyal olarak DNA'ya sahiptir,
c. Ginkil yasayan tim organizmalar farkl ancak uyumlu DNA yapilarina sahiptir.
d. Cunki DMA disindaki diger genetik materyaller bilim insanlan tarafindan uyumlu hale getirilmigtir.
e. Sadece bitki tiirleri arasinda ya da sadece hayvan tlrleri arasinda mimkindir, ancak bitki tirleri ile hayvan tirlerinin
birbirleri arasinda mimkin degildir.
Mayoz bolinme ile ilgili asagidakilerden hangisi yanlistir?
a. Sadece eseyli Ureme gésteren canli tirlerinde meydana gelir.
b. Ureme hiicrelerindeki kromozom sayisi yarya iner.
c. Yawrularda genetik varyasyon (gesitlilik} saglar.
d. Bireyin hayatimin bir déneminde vicut hiicrelerinin gogunda meydana gelir.
e. Mesilden nesile kromozom sayisinin sabit kalmasin saglar.
Bazen bir dzelligin bir ailede kayboldugu ve daha sonraki nesillerde tekrar ortaya qiktis gorillr. Eger bu &zellik, anne-babadan
herhangi birinde goriilmiiyor da yavrulardan bazilarinda gériiliiyorsa, bu &zelligin kalitinm konusunda ne tiir bir sonuca
varabilirsiniz?
a. Anne ve babanin her ikisi de genin ¢ekinik formunu tasimaktadirlar.
b. Anne ve babadan sadece biri, genin gekinik formunun 2 kopyasim tasimaktadir,
c. Anne ve babadan sadece biri, geni baskin olarak tagimaktadir.
d. Anne ve babadan sadece biri, genin ¢ekinik formunun 1 kopyasini tasimaktadir.
e. Bu durum, muhtemelen hem annede hem de babada olusan yeni mutasyonlarin sonucudur.
Bir bireyin geninde meme kanseri ile iliskili olan bir mutasyona rastlanmigstir. Bu gen, hangi hiicrede bulunmaktadir?
a. Sadece kanserin ortaya giktig meme hicrelerinde
b. sadece her iki meme hicresinde
c. Sadece disilerde bulunan hiicrelerde
d. Sadece meme ve yumurtalik hicrelerinde
e. Bireyin tim hicrelerinde.
DNA'da olusan mutasyonlar, insanlar da dahil olmak lizere ¢ogu organizmada genomlarda gergeklesir. Bu mutasyonlarn en
onemli sonucu nedir?
a. Birey icin yeni genler olustururiar,
b. Birey icin yeni enzimler Uretirler.
c. Birey igin yeni hilcre kaynaklan saglarfar.
d. Gelecek nesiller igin nemli bir genetik cesitlilik kaynag saglarlar.
e. Gelecek nesiller igin yeni kromozomlar meydana getirirler.
Kanser ve zihinsel bozukluklar gibi kompleks hastaliklar, birden fazla genle iliskilidir. Bir bireyin bu genler icin test edilmesi
neyi gosterir?
Bireyde o hastaligin veya bozuklugun olup olmadig gasterir.
Bireyin o hastalifa ya da bozukluga yakalanma riskinin yiiksek olup olmadigini gdsterir.
Bireyin o hastalifa veya bozukluga kesin olarak yakalamp yakalanmayacagin gosterir.
Bireyin cocuklarinin o hastalifa veya bozukluga kesin olarak yakalamip yakalanmayacagini gsterir.
Eger birey geni tasiyorsa, hastalifin veya bozuklugun ne kadar ciddi boyutta olacagini gbsterir.
Asagldak[lerden hangisi genetigin ve genetik teknolojisinin saghk hizmetlerine uygulanmasinin bilinen faydalarindan biridir?
a. Ortalama insan dmrind belirgin bir sekilde uzatabilmesi
b. Kanser gibi kompleks hastaliklan ortadan kaldirabilmesi
[=
d

mnonoTw

Pahall olmayan ve kolayca uygulanabilen ilaglan Gretilebilmesi

. Hastalifia yakalanma riski yiiksek olan bireylerin belirlenebilmesi
e, Gen terapisinin rutin olarak genetik hastaliklarin tedavisinde kullamlabilmesi.
Bir kadina meme kanseri ile iliskili bir mutasyon tagidifinin séylenmesi, onun meme k ine y
etkiler?
a. Meme kanseri olma riski, diger saghkh kadinlardan farkl olmayacaktir.
b. Muhtemelen meme kanseri olmayacaktir.
c. Meme kanseri olma riski yliksektir.
d. Kesinlikle meme kanseri olacaktir.
e. Mutasyona ugramis gen tasidifindan zaten meme kanseri olmustur,

m nasil
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11.

12.

13.

14,

15

16.

17.

. Kas, sinir ve deri hiicrelerinizin farkh fonksiyonlara sahip olmasinin nedeni agagidakilerden ha ng[sldir’

. Genetik uzmanlar fare, meyve sinegi ve maya gibi organizmalarin genetik materyalleri lizerinde aragtirma yapmaktadirlar. Bu

organizmalardan dgrendiklerini insanlara uygulayabilmektedirler ¢linkli hemen hemen tiim farkl organizma tirlerl;

a. Genetik materyal olarak DNA'ya sahiptir.

b. Genetik materyal olarak proteinlere sahiptir.

c. Aym miktarda genetik materyale sahiptir.

d. Genetik materyallerinden protein, yag ve karbonhidrat dretirler.

e. Genetik materyal olarak RNA'ya sahiptir.

HIV viriisiiniin diinya ¢apinda yayildif géz 6niine alindifinda, baz bireylerin HIV virlisll tasimasina (difer bir degisle HIV pozitif

olmasina) ragmen viriisiin etkilerine kars dayanikl oldugu bilinmektedir. Bunun nedeni agagidakilerden hangisidir?

a. Bu bireyler direncli olmalarini saglayan genetik farkhiliklara sahiptir.

Direng saglayan genetik degisiklikler, viriis enfeksiyonuna kargi meydana gelir,

Dogal seleksiyon direngle sonuglanan genetik farkliklanin olusmasina yol acar.

Bireyin igerisinde yasadig cevre, gelistirecegi direnci belirler.

Bireyler arasindaki besleme farklliklarin virlise kars direnci belirleyecegi bilinmektedir,

A;xgldakilerden hangisi DNA’daki mutasyonlarin bir dzelligidir?

a. Genellikle etkisini gdsterir ve birey igin pozitif degisikliklerle sonucglanir.

b. Genellikle etkisini gésterir ve birey icin belirgin problemlere neden olur.

c. Anne babanin viicut hiicrelerinde gergeklesen mutasyonlar genellikle cocuklanina aktarilir,

d. Mutasyaenlar genellikle genlerin gogunda ok yiksek oranlarda gérillr,

e. Mutasyonlar, popllasyon igerisinde bir genin farkh cesitlerinin olusmasina neden olur.

Gelismis canlilarda, DNA ve kromozomlar arasinda nasil bir iliski vardir?

a. Kromozomlar, DNA'da bulunur.

b. DMA, kromozomlann iginde bulunur,

c. DMA ve kromozomlar arasinda bir farkliik yoktur,

d. DMA ve kromozomlar tamamen farkl yapilardir.

e, Kromazomlar, DNA"y meydana getirir.

Huntington hastalil, baskin bir genin neden oldugu genetik bir bozukduktur. Belirtiler eriskinlikte baslamakta ve hastalik

dliimle sonuglanmaktadir. Asagidakilerden hangisi ebeveynlerden birine Huntington hastalif teshisi konuidugunda ortaya

gikan etik bir ikilemdir?

a. Huntington hastasi ebeveynin hastalik geni igin test edilip edilmemesi

Diger ebeveynin gen igin test edilip edilmemesi

Cocuklardan birinin herhangi bir zamanda gen igin test edilip edilmemesi

Huntington hastasi ebeveynin hastalik igin tedavi edilip edilmemesi

Huntington hastasi ebeveyne hasta oldugunun séylenip soylenmemesi.

Genehk alaminda galisan uzmanlar, bireylerin genetik yapisinin ve yasadii cevrenin zeka diizeyi (1Q), akciger kanseri ve

prostat kanseri gibi kompleks zelliklere olan etkisini nasil agiklamaktadir?

a. Gevre, bir dzellik igin potansiyel olusturur. Bu potansiyelin ne kadarinin gerceklesecegi bireyin genetik yapisina baghdir.

b. Her bir birey genetik bir potansiyeli miras olarak alir, bu potansiyelin ne kadarinin gergeklesecegl cevreye baghdir.

c. Genetlk uzmanlan, cogu dzellifin genetik faktérler tarafindan belirlendigini ve cevrenin kompleks dzellikler izerinde cok az
etkisinin oldugunu kabul eder.

d. Kempleks dzelliklerin belirlenmesinde cevre dnemli bir rol oynarken genetik faktorler nispeten klglik bir rol oynar.

e. Insanlar arasindaki genetik farkliklar o kadar azdir ki ashnda bireyler arasinda gbzlemlenen varyasyonlar, onlann yetistikleri
cevreden kaynaklanmaktadir.

Gen ekspresyonu (gen anlatimi) nasil diizenlenir ya da kontrol edilir?

a. Genlerin ekspresyonu diizenlenmez ve kontrol edilemez,

b. Genler bireyin gelisimi esnasinda etkinlesir ve bireyin hayat! boyunca aym kahrlar,

c. Genler sadece gelisim esnasinda etkinlesir ve etkinliklerini kaybederler

d. Genler bireyin hayati boyunca uygun zamanlarda etkinlesir ve etkinliklerini kaybederler.

e. Gen ekspresyonu sadece dig faktérler tarafindan kontrol edilir.

Eger bir birey belirli bir hastalia neden olan bir mutasyon igin genetik bir test yaptinir ve sonucu pozitif cikarsa, bu ne anlama

gelir?

a. Birey, hastaligin baskin veya gekinik mutasyon nedeniyle olup olmadigina bakiimaksizin kesiniikle hastalifl gosterecektir,

b. Eger hastalik baskin mutasyondan kaynaklamyorsa, birey kesinlikle hasta olacaktir.

€. Mutasyon icin yapilan testin senucunun pozitif gikmasi, bireyin zaten hasta oldugunu gdstermektedir. —

d. Bu durum, ilgili hastaliga gire degisir. Bazi mutasyonlar icin peozitif test sonucu sadece bireyin hastallé;;;l'al'égma_ ris'kinin

moon o

moen o

yliksek oldugunu gésterir.
e. Bireyin gelisimi boyunca yagadigi cevre, hastalifl gdsterip gdstermemesinin en Snemli belirleyicisidir. &

a. Bu hlcreler, farkl genlere sahiptir.

Bu hilcreler, viicudun farkl yerlerinde bulunmaktadir.
Bu hicreler, farkh genleri aktif hale getirir.

Bu hilcreler, farkh sayida gen icerir.

Bu hiicreler, farkl mutasyonlara ugramistir,

rono
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18,

20.

21,

22,

23.

25,

26.

27

28.

29,

Cevre, bir bireyin gen ekspresyonunu (gen anlatimi) yasami boyunca hangl zamanlarda etkiler?

a. Gebelikten baslayarak, yasami boyunca

b. Dogumda baslayarak yasami boyunca

c. Dogumda baslayarak ve yetiskinlige kadar

d. Sadece ergenlik ve menopoz gibi hayatin dnemli evrelarinde

e. Cevrenin gen ekspresyonuna gok az etkisi vardir veya hig etkisi yoktur.

Asagidakilerden hangisi etnik gruplar arasindaki genetik farkliliklar ile ilgili yanhs bir ifadedir?

a. Etnik gruplar igerisinde, diger etnik gruplarla aralarinda oldugundan daha fazla genetik varyasyon vardir.

b. Gariinds farkliiklan, etnik gruplar arasinda sadece daha az genetik farkliliklar gdsterir.

¢. Orak hiicre anemisl gibi genetik hastaliklar bazi etnik gruplarda daha yaygindir.

d. Tum insanlar arasindaki DMA diziliminin benzerligi %99 dan daha fazladir.

e. Cilt renginden sorurmiu olan genetik farkhklar insan genomunun dnemli bir bolUmdnd temsil etmektedir.

Bireylerde etkisini gisteren genler ve dzellikler arasindaki iliski asagidakilerden hangisinde belirtilmistir?

a. Genler, bireysel dzelliklerden sorumlu DNA'y1 kadlar.

b. Genler, bireysel dzelliklerden sorumlu proteinleri kodlar.

c. Genler, bireysel dzelliklerden sorumiu kremozomian kodlar,

d. Genler, bireysel dzelliklerden sorumiu karbonhidratlan kedlar,

e. Genler yerine, bireysel dzelliklerden dncelikle gevre sorumludur.

Asagidakilerden hangisi Charles Darwin tarafindan dne siiriilen evrimin temel ilkelerini dogru olarak yansitmamaktadir?

a. Biyolojik tirlerin dreme kapasitesi simrelicr,

b. DUnyanin sirekli nifus artisin kaldirabilme kapasitesi simirlidir,

c. Bireyler arasindaki farkhihiklar, nesilden nesile aktarilir

d. Baz bireyler, degisen ¢cevre sartlarinda hayatta kalma konusunda digerlerine gére daha iyi donatilmigtir.

e. Dogal secilim, evrimin itici gleldir.

Asagidakilerden hangisi etik bir problem olarak kabul edilemez?

a. Dogum dncesi cinsiyet segiming izin verilmesi

b. Ciftlere yilksek bakim maliveti gerektirecek sartlardaki bebekleri dinyaya getirmeme konusunda damismanlik hizmeti

wverilmesi

Arastirmalar igin embriyonik kék hiicre kullaniimas:

d. Sigorta sirketlerine, yilksek risk grubundaki veya genetik hastahi@ oldugu bilinen bireylerin sigortasini reddetme hakkimn
verilmesi

e. 35 yas ve lstd annelere, kromozom anormalliklerinin dogum oncesi teshis ettirebilme imkamin saglanmas..

n

. Bir bireyin cekinik bir bozukluk olan kistik fibroazis (cystic fibrosis) olmas igin anormal kistik fibrozis geninin iki kopyasina sahip

olmasi gerekmektedir. Anormal genin bir kopyasina sahip ebeveynleri olan bir gocugunun hastalia yakalanma olasilifi nedir?
a. 0% b. 25% ¢, 50% d. 66% e.75%

Bilim ve bilimsel metotla ilgili olarak asagidakilerden hangisi dogru bir ifadedir?

a. Bilim we bilimsel metotlar, nadiren dogal diinya hakkinda agiklama saglayabilir.

b.  Bilim ve bilimsel metotlar, dogalistl diinyay da iceren agiklamalar saglayabilir.

c.  Bilim ve bilimsel metotlar tekrarlanabilir gozlemler ve test edilebilir hipotezler iceren sorgulama siiregleridir.

d.  Bilim ve bilimsel metotlarin insanlarin yasadig kosullarin iyilestiriimesin énemli lglde katkida bulunmasi olasi degildir.

e.  Bilim ve bilimsel metotlanin senuclan, yeni veriler ve gézlemler 15i§inda sorgulanmaya agk degildir.

insan kas hiicresi 46 adet kromozom icermektedir. Déllenmemis insan yumurta hiicresi kag adet kromozom icermektedir?

a 11 b. 22 c. 23 d.46 e 92

Asagidakilerden hangisi, gliniimiiz genetik teknolojilerin beklenilmedik sonuglarina bir drnektir?

a. Preimplantasyon Genetik Tani {saglikl embriyolanin anneye transfer edilmesi) ile erken embriyonik dénemde genetik yapinin
belirlenmesi,

b. Yenidogan bir bebefin genetik yapisinin, “yeni dogan genetik tarama programi” ile belirlenmesi,

c. Genetik bozukluklarin belirlenmesi amaciyla yapilan testin sonucunda bir gocugun farkh babaya sahip oldugunun 8grenilmesi,
d. “Yetiskin genetik tarama” talep eden bireylerin tasiyici olma durumiarinin 8grenilmesi,

e. Prenatal tani (dofum 8ncesi tani) yaptiran annenin tasidigi fetliste kromozom anormalligi bulunmasi.

Asagidakilerden hangisi iilkemizde 2003 yilinda ylriirlige giren “insan Haklan ve Biyotip Sozlegmesi”ne uyum cergevesinde
2005 yilinda yapilandinlan Ceza Muhakemesi Kanunu'nda belirtilen hususlardan biri degildir?

Molekiler-genetik incelemeler sadece hakim karar ile yapilabilir.

Genomik dzelliklere ait bilgilerin kaydedilmesi yasaklanmigtir,

Edinilen genetik bilgilerin saklanmasindan DMA bankalari sorumlu tutulmustur.

Yapilan genetik incelemeler efer kisinin saghgin bozacak nitelik tagimamahdir, T

. Yapilan genetik inceleme sonuglarinin amaci disinda kullamimasi yasaklanmigtir. A
arasanin kanatlari ve kdpegin &n ayaklan homolog organlardir. Bu durum asagidakilerden hangisine I';aret edder?

Yarasanin kanatlan ve kipegin &n ayaklar ayni goreve sahiptirler.

Yarasalar bir kdpek soyundan tiremistir.

Yarasanin kanatlan ve kBpegin &n ayaklan ortak ata dolayisiyla birbirine benzerdir.

Yarasanin kanatlar ve kipegin 6n ayaklarindaki kemikler anatomik olarak birbirine benzerdir,
Yarasamin kanatlan ve kiipegin &n ayaklan farkl atadan gelmektedir fakat aym fonksiyona sahiptir.

Popoe=<nonoow
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20, Ay tiire ait bes kus tiiriiniin yasamlanimin dékiimi agagida verilmigtir. Evrimsel agidan en bagarih kug hangisidir?
a. 5yilyasad, 12 yumurta birakti, bunlardan 4 U yavru gikard.
b. 2wyl yasadi, 8 yurmnurta birakt), bunlardan 5 i yavru gikardi.
c. Gylyasad), 2 yumurta birakt,, bunlardan 2 si yavru gkarde
d. 4wyl yasad), 7 yumurta birakt, bunlardan 6 si yavru ¢ikardr.
e. 5yilyasadl, 4 yumurta birakti, bunlardan 3 @ yavru gikardr.
31. Kertenkele popiilasyonlarn yiizlerce kertenkeleden olusur. Asagidaki ifadelerden hangisi bu kertenkelelerin birbirlerine olan
benzerliklerini en iyi agklar?
a. Popllasyondaki tim kertenkeleler neredeyse ayridir.
b. Popllasyondaki tim kertenkelelerin dis gorinusleri aynidir, fakat ic organlarinda, érnegin sindirim olaylarinda, farkhiklar
vardir,
t. Popiilasyondaki tim kertenkeleler cok sayida benzerlikler paylasmaktadirlar, fakat vicut biylkiGgd ve pence uzunlugu gibi
dzelliklerinde farkhliklar vardir.
d. Populasyondaki tim kertenkeleler tamamen benzersizdir ve diger kertenkelelerle ortak dzellik gostermezler.

Important Note:

* Item 1, Item 3, Item 4, Item 21 and Item 34 were excluded from the Inventory

according to the ITEMAN Analysis results in pilot study.

** Jtem 30 and Item 31 were excluded from the Inventory according to the confirmatory

factor analysis results.

256




F.1. Genetics Literacy Assessment Inventory

Table E.1. Item difficulty and item discrimination indexes of Turkish version of Genetics

Literacy Assessment Inventory

Item number Item difficulty index Item discrimination index (D)

Prop. correct

1 0.868 0.101
2 0.297 0.359
3 0.571 0.113
4 0.099 0.041
5 0.593 0.308
6 0.824 0.474
7 0.813 0.495
8 0.692 0.208
9 0.571 0.275
10 0.484 0.433
11 0.462 0.265
12 0.560 0.390
13 0.681 0.210
14 0.560 0.345
15 0.571 0.284
16 0.879 0.341
17 0.374 0.236
18 0.626 0.392
19 0.527 0.315
20 0.451 0.273
21 0.473 0.119
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Table F.1 (Continued)

Item number Item difficulty index Item discrimination index (D)

Prop. correct

22 0.516 0.326
23 0.703 0.267
24 0.253 0.359
25 0.407 0.396
26 0.374 0.309
27 0.418 0.419
28 0.615 0.526
29 0.857 0.434
30 0.747 0.304
31 0.604 0.329
32 0.209 0.216
33 0.341 0.210
34 0.484 0.130
35 0.341 0.226
36 0.769 0.333
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Table F.2. Descriptive statistics of Genetics Literacy Assessment Inventory

Item N Range  Min Max  Mean SD  Skewness Kurtosis
no

1 435 1 0 1 27 443 1.059 -.883
2 435 1 0 1 49 501 .032 -2.008
3 435 1 0 1 .88 327 -2.320 3.399
4 435 1 0 1 .82 .386 -1.657 751
5 435 1 0 1 .59 493 -.351 -1.885
6 435 1 0 1 .63 484 -.530 -1.727
7 435 1 0 1 57 496 -.265 -1.939
8 435 1 0 1 .35 AT7 .634 -1.606
9 435 1 0 1 .66 A74 -.688 -1.534
10 435 1 0 1 .76 426 -1.243 -.458
11 435 1 0 1 52 500 -.078 -2.003
12 435 1 0 1 .53 499 -134 -1.991
13 435 1 0 1 81 .390 -1.618 .620
14 435 1 0 1 .30 459 .870 -1.249
15 435 1 0 1 54 499 -.143 -1.989
16 435 1 0 1 .33 472 .710 -1.503
17 435 1 0 1 A48 500 .088 -2.002
18 435 1 0 1 49 .500 .060 -2.006
19 435 1 0 1 .62 485 -.509 -1.749
20 435 1 0 1 22 412 1.384 -.084
21 435 1 0 1 31 464 811 -1.348
22 435 1 0 1 .33 470 732 -1.471
23 435 1 0 1 34 474 .688 -1.534
24 435 1 0 1 .69 463 -.823 -1.329
25 435 1 0 1 .82 .386 -1.657 751
26 435 1 0 1 .83 374 -1.780 1.175
27 435 1 0 1 .59 493 -.351 -1.885
28 435 1 0 1 15 .359 1.948 1.804
29 435 1 0 1 .26 438 1.113 -.764
30 435 1 0 1 42 495 313 -1.911
31 435 1 0 1 .80 404 -1.470 .160
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APPENDIX G

ATTITUDES TOWARDS ISSUES IN GENETICS LITERACY SCALE

Ydnerge: Verilen ifadeler igin asagida verilen dlgegi kullanarak gordsintzi en iyi | £ E
tarnimlayacak secenegi isaretleyiniz: i E 3 £ Bl 2
£§ 5|5 | 8|22
EEAFEE-REAEE
1 | Bilime gereginden fazla inanyoruz ama duygu ve inanclara yeterincei
2 | Genelde modern bilim, yarardan gok zarar gefirir. |
3 | Ciddi genetik bozuklugu olabilecek bir gocuga sahip olma riski tagiyan |
bireylerin aile kunn__gmasl gerekir. |
4 | Insan genleri izerinde yapilan arastirmalar yarardan gok zarar getirecektir.
5 | Modern genetigin faydalan hakkindaki iddialarin  ¢ogu, oldukga
abartilmaktadir. ) |
6 | Hig kimse, genetik biliminin toplum (izerinde ne gibi bir etkisi olacagimi
gergekten bilmiyor. o I N
7 | Bilim ve teknoloji, hayatlarimizi daha saglikh, daha kolay ve daha rahat hale
getirir.
8 | Bilim, yasam tarzimizi ¢ok hizh degistirir,
9 | Hastaliklarin genetik tedavileri, insanlarin acilanin azaltmada cok yardimo
olacalktir.
10 | Yarari ne olursa olsun, bireyin genlerinin degistiriimesi fazlasiyla risklidir.
11 | Hastaliklan, insanlarin genlerini degistirmeden tedavi etmeye calismak daha
iyidir. .
12 | Insanlann genleri Gzerinde yapilan arastirmalar, nihayetinde bize zarardan
cok yarar safilayacaktir.
13 | Insanlarin genlerini degistirmeyi hic bilmesek daha iyi olurdu.
14 | Insanlar, genlerinin  degistirilmesinin  riskleri hakkinda ok fazla
endigelaniyorlar,
15 | insanlann genlerine asla miidahale etmemeliyiz.
16 | Dinyamin agin kalabaliklasmasindan dolay, bilim insanlari genetik tedaviler
aramamalidir.
17 | Dogaya bir midahale oldugundan dolay, genlerin  degistiriimesi
yasaklanmalidir.
18 | Engelli insanlarin  genlerini  defistirmekten ziyade, onlann hayatim
kalaylastiracak imkanlar saglamalmyz. |
19 | Yeni gelistirilen genetik tedavilerin, cocuklar Gzerinde test edilmesine izin | |
verilmelidir. | |
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Yonerge: insanlar, gelecekte ciddi bir genetik hastalia yakalanma olasiliklari olup

olmadigim dgrenmek icin genetik test yaptirabileceklerdir. Asagidaki cimlelerden £ c § 5
hangisi sizin bu konudaki fikrinizi yansitmaktadir? 22| 2 g s |28
TE| s 2 E|ZE
A5 || S| = |%3
22|22 28

Sigorta sirketler, genetik testleri hayat sigorta policelerini kabul veya reddetme
amaciyla kullanmahdir.

Isverenler, genetik test sonuglanni gdrme hakkina sahip olmalidir.

isverenler, is basvurusu yapanlardan genetik test yaptirmalanni isteme hakkina sahip
olmahdir.

isverenler, is bagvurusu yapanlardan dzellikle isyerinde kullamlabilecek kimyasallara
karsi hassasiyetleri olup olmadifini dgrenmek igin genetik test yaptirmalarin isteme |
hg_lfklna sahip olmalidir,

Ydnerge: Bir kadinin gocugunun asagida belirtilen durumlarda dogma olasilis varsa, o kadinin yasal kiirtaj yaptirmak
konusunda haklki,

(1) Her zaman almahdir, (2) Bazen olmahdir. {3) Hichir zaman olmamalidir.
Durumlar:
Cocugun, (1) {2 [38)

Ciddi bir zihinsel engelle dogmasi ve asla bagimsiz bir yagsam siirdiiremeyecek olmasi.

Bagimsiz bir yasam surdiiremeyecek fiziksel bir engelle dogmasi.

20°'li veya 30°lu yaglarina kadar saglikh olacak ancak bu yaslarda 6lmesine sebep olacak bir durumla
dogmasi,

Safilikh ancak boyunun 8 yasindaki birinden daha uzun olamayacag bir durumla dogmasi.

Yonerge: Ciftlerin, ciddi saglk problemleri clmayan gocuklara sahip olmalarimin bir yolu daha vardir: Kadinin yumurtasi,
esinin spermi ile viicudunun disinda déllenir ve genetik olarak test edilir. Sadece saglikh yumurtalar kadinin rahmine konur
ve sonra bu yumurtalardan bebek olugabilir.

Asafidaki durumlarda dogabilecek bebekleri olma riski tasiyan bir ailenin, béyle bir uygulamaya basvurmasinin
dogrulugu konusunda ne dilsiiniiyorsunuz?
(1) Her zaman dogrudur, (2) Bazen dogrudur. (3)Hicbir zaman dogru degildir.
Durumlar: |
Cocugun, |
() (@ |3

Ciddi zihinsel bir engelle dogacak elmasi.

Ciddi fiziksel bir engelle dogacak clmas,

Saghkh yasayacak ancak 20°li veya 30'lu yaglarda dlecek almasi.

Safilikh ancak boyunun 8 yasindaki birinden daha uzun olamayacak olmas.

Ydnerge: Bir bireyin genlerinin degistirilebilecedinin kesfedildigini varsayin. Bu kesfin,

asagida belirtilen durumlan olusturmak igin kullanilmasina izin verilip verilmesi £ £ = = E £ =

konusunda ne digliniyorsunuz? T | @ E| T £ M E
=8 | ET | ET | =4

Durumilar, _—E ‘——E % £ fu s _; —E
fde|35 /35| 8¢

1 | Bireyi daha uzun veya kisa yapmak.

2 | Bireyi daha zeki yapmak. '

3 | Escinsel olmayan bireyler yapmak. s Pty

4 | Bireyin kalp hastasi olma olasiigim belirlemek. : A e

5 Bireyin meme kanseri olmq_ol_.@h@m azaltmak. -

& | Bireyin fazla kilolu olmasn:ldansa, ortalama bir kiloda olmasim saglamak. 'y

"7 | Dogmamis bir bebegin cinsiyetini belirlemek. ) a

& | Bireyin kel olmasindansa, giir sagh olmasini saglamak. |

9 | Bireyin sizofren olmasin engellemek. S E

10 | Bireyi daha az &fkeli ve saldirgan yapmak. N [ ks
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Yonerge: Bireyin genlerinin enjeksiyon yolu ile degigtirilebileceginin kesfedildigini varsayin. Asafiida belirtilen 3 durum igin

gen terapisinin kullanilmasina izin verilip verilmemesi konusunda ne ddsinlyorsunuz?

DURUM 1: Bu yeni genler, bu bireylerin sahip olabilecekleri cocuklara aktarilmayacaklar.

L] 55 g = E = g E
= ] T =] = -
o= |ZE |E E |of 5 E%
=% |5 |E g |=3 g
St |52 (5% |5% | t&:s
g |55 (538 |£¢8 2253
20l yaslarda ciddi kalp rahatsizlikian alan bireyler.
20'li yaglarda kel olan ve bundan utanan bireyler,
Kistik fibrozis Ile dogan 20'li yaslardaki bireyler
DURUM 2: Simdi, bu yeni genlerin bireylerin gelecekieki cocuklarina aktanlacagim disinin.
s |53 |55 |55 |E%
@ N
s= |2E |2E |sE |33
= @ E = g = = @ | = % L
£9% |28 | =8 282 S2Zos

Bireyin gelecekteki cocuklarlmﬁ, 20'l yaslarda ciddi kalp
rahatsizhigl gegirme olasiigin daha da azaltmak.

Bireyin  gelecekteki  gocuklann  20°li yaslarda kel
kalmayacaklar.

Bireyin gelecekteki cocuklan Kistik fibrozis olmayacaklar,

DURUM 3: Simdi ise, bireyin genlerinin heniiz ana rahminde iken yani birey daha dofmadan tedavi ile
degistirilebilecegini varsayin. Yeni genler, bireylerin daha sonra sahip olacaklar cocuklarina gecmeyecektir.
| =
=
& 558 5 |55 |fEes
== |2E|ET E |2t | 2Em
= 2 35| 3 g =2 S5
| EE g8 2 = = £ 8=
E W = _E 3 .E B e E -]
=% |=85| 282 = 3 §5%

Bireyler in 20°li yaglarda ciddi kalp rahatsizh@ gegirme
olasiligin azaltmak.

Bireyler 20'li yaglarda kel kalmayacaklar.

Bireyler Kistik fibrozis plmayacaklar.
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G.1. Attitudes towards Issues in Genetics Literacy Scale

Table F.1. Data screening for Attitudes towards Issues in Genetics Literacy scale

from pilot study

Valid Cases Missing Cases Total
N Percent (%) N Percent (%) N Percent (%)
gen_attl 95 100 0 0 95 100
gen_att2 95 100 0 0 95 100
gen_att3 95 100 0 0 95 100
gen_att4 95 100 0 0 95 100
gen_attb5 90 94.7 5 5.3 95 100
gen_att6 94 98.9 1 1.1 95 100
gen_att7 95 95 0 0 95 100
gen_att8 95 95 0 0 95 100
gen_att9 94 98.9 1 1.1 95 100
gen_att10 95 95 0 0 95 100
gen_attll 94 98.9 1 1.1 95 100
gen_attl2 95 95 0 0 95 100
gen_att13 93 97.9 2 2.1 95 100
gen_attl4 95 95 0 0 95 100
gen_att15 93 97.9 2 2.1 95 100
gen_attl6 95 95 0 0 95 100
gen_attl7 95 95 0 0 95 100
gen_att18 95 95 0 0 95 100
gen_att19 95 95 0 0 95 100
use_gen_ 1 92 96.8 3 3.2 95 100
use_gen_2 92 96.8 3 3.2 95 100
use_gen_3 92 96.8 3 3.2 95 100
use_gen_4 93 97.9 2 2.1 95 100
abort_1 90 94.7 5 5.3 95 100
abort_2 90 94.7 5 53 95 100
abort_3 90 94.7 5 5.3 95 100
abort_4 90 94.7 5 5.3 95 100
pre_IG_1 91 95.8 4 4.2 95 100
pre_IG_2 91 95.8 4 4.2 95 100
pre_IG_3 91 95.8 4 4.2 95 100
pre_IG_4 91 95.8 4 4.2 95 100
gene_ther 1 93 97.9 2 2.1 95 100
gene_ther 2 93 97.9 2 2.1 95 100
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Table G.1. (Continued)

Valid Missing Valid Missing
Cases Cases Total Cases Cases
N Percent (%) N N Percent (%)

gene_ther_3 93 97.9 2 2.1 95 100
gene_ther_4 93 97.9 2 2.1 95 100
gene_ther 5 93 97.9 2 2.1 95 100
gene_ther_6 93 97.9 2 2.1 95 100
gene_ther 7 93 97.9 2 2.1 95 100
gene_ther_8 93 97.9 2 2.1 95 100
gene_ther 9 93 97.9 2 2.1 95 100
gene_ther_10 93 97.9 2 2.1 95 100
g thrsit 11 92 96.8 3 3.2 95 100
g_thr sit 1 2 92 96.8 3 3.2 95 100
g thr_sit 1 3 92 96.8 3 3.2 95 100
g_thr sit 2 1 92 96.8 3 3.2 95 100
g_thr_sit 2 2 92 96.8 3 3.2 95 100
g_thr_sit 2 3 92 96.8 3 3.2 95 100
g thr_sit 3 1 92 96.8 3 3.2 95 100
g_thr_sit 3 2 92 96.8 3 3.2 95 100
g thr sit 3 3 92 96.8 3 3.2 95 100

Table G.2. Descriptive statistics of Attitudes towards Issues in Genetics Literacy

scale for pilot study

Item N Range Min Max Mean S.D. Skewness Kurtosis
gen_attl 95 4 1 5 2,69 1238 .262 -1.095
gen_att2 95 4 1 5 1.82  .967 1.306 1.200
gen_att3 95 4 1 5 2.69 1230 467 -.598
gen_att_4 95 4 1 5 231 1102 129 -.170
gen_att 5 90 4 1 5 264 975 77 -.834
gen_att6 94 4 1 5 331 .99 -.591 -513
gen_att7 95 4 1 5 4.12 921 -1.153 1.520
gen_att8 95 4 1 5 396 1.081 -1.257 1.190
gen_att9 94 4 1 5 404 879 -.764 501
gen_att10 95 4 1 5 3.53 1.060 -.316 -531
gen_attll 94 4 1 5 3.82 1.016 -571 -.461
gen_attl2 95 4 1 5 331 1.053 -.644 -.269
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Table G.2. (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis
gen_attl3 93 4 1 5 246 1.128 .536 -.278
gen_attl4 95 4 1 5 3.28 1.078 -177 -.964
gen_attl5 93 4 1 5 2.86 1.185 .397 -.740
gen_attl6 95 4 1 5 2.09 1.063 1.112 1.017
gen_attl7 95 4 1 5 2.78 1.265 170 -.994
gen_attl8 95 4 1 5 3.58 1.190 -.520 -717
gen_att19 95 4 1 5 1.82 1.072 1.320 1.073
use _gen_1 92 4 1 5 211 1.271 .909 -.429
use_gen_2 92 4 1 5 2.17 1.263 .768 -715
use_gen_3 92 4 1 5 2.10 1.196 872 -417
use_gen_4 93 4 1 5 3.58 1271 -1.045 -.037
abort 1 90 2 1 3 1.79  .868 427 -1.546
abort_2 90 2 1 3 1.98 .779 .039 -1.338
abort_3 90 2 1 3 2.31 744 -.578 -.975
abor 4 90 2 1 3 249 723 -1.056 -.282
pre_IG_1 91 2 1 3 153 .705 972 -.346
pre_IG_2 91 2 1 3 165 .721 646 -.820
pre_IG_3 91 2 1 3 1.88 .758 206 -1.219
pre_IG_4 91 2 1 3 197 .823 .062 -1.520
gene_ther_1 93 3 1 4 2.84 1.066 -.275 -1.275
gene_ther 2 93 3 1 4 2.65 1.129 -.185 -1.352
gene_ther_3 93 3 1 4 251 1.039 -.015 -1.148
gene_ther_4 93 3 1 4 1.69 .872 1.160 586
gene_ther 5 93 3 1 4 1.67 913 1.243 579
gene_ther_6 93 3 1 4 2.05 1.146 .602 -1.124
gene_ther_7 93 4 1 5 3.20 1.017 -.931 -.202
gene_ther 8 93 4 1 5 251 1.148 141 -1.268
gene_ther 9 93 3 1 4 1.67 .925 1.224 447
gene_ther_10 93 3 1 4 2.19 1.106 493 -1.083
gthrsit11 92 4 1 5 1.77 973 1.208 .800
g_thr sit 1 2 92 4 1 5 2.46 1.063 172 -971
g_thr sit 1 3 92 4 1 5 1.86 1.065 1.238 .952
g thrsit 2 1 92 4 1 5 1.78 1.025 1.202 521
g_thr_sit 2 2 92 4 1 5 234 1.122 .347 -1.065
g_thr sit 2 3 92 4 1 5 1.76  .999 1.313 1.241

265



Table G. 2. (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis
g thr_sit 3 1 92 4 1 5 1.66  .998 1.608 2.038
g_thr_sit 3 2 92 4 1 5 225 1.125 529 -.743
g_thr sit 3 3 92 4 1 5 1.72 1.020 1.549 2.035

Table G.3. Descriptive statistics of Attitudes towards Issues in Genetics Literacy

scale after imputation for pilot study

Item N Range Min Max Mean S.D. Skewness Kurtosis
gen_attl 95 4 1 5 2.69 1238 262 -1.095
gen_att2 95 4 1 5 1.82 967 1.306 1.200
gen_att3 95 4 1 5 2.69 1.230 467 -.598
gen_att 4 95 4 1 5 231 1.102 729 -.170
gen_att 5 95 4 1 5 2.64 958 190 -.784
gen_att6 95 4 1 5 3.30 .993 -.569 -532
gen_att7 95 4 1 5 412 921 -1.153 1.520
gen_att8 95 4 1 5 3.96 1.081 -1.257 1.190
gen_att9 95 4 1 5 402 904 -.780 421
gen_att10 95 4 1 5 3.53 1.060 -.316 -531
gen_attll 95 4 1 5 3.83 1.018 -.580 -.461
gen_att12 95 4 1 5 3.31 1053 -.644 -.269
gen_attl13 95 4 1 5 246 1.128 526 -.313
gen_att14 95 4 1 5 3.28 1.078 =177 -.964
gen_attl5 95 4 1 5 286 1.177 400 -722
gen_attl6 95 4 1 5 2.09 1.063 1.112 1.017
gen_attl7 95 4 1 5 2.78  1.265 170 -.994
gen_att18 95 4 1 5 358 1.190 -.520 - 717
gen_att19 95 4 1 5 1.82 1.072 1.320 1.073
use_gen_1 95 4 1 5 2.08 1.260 .946 -.344
use_gen_2 95 4 1 5 2.15 1.255 .805 -.642
use_gen_3 95 4 1 5 2.14 1.208 .806 -.584
use_gen_4 95 4 1 5 356 1.286 -1.020 -.133
abort_1 95 2 1 3 1.78  .865 448 -1.525
abort_2 95 2 1 3 1.96 771 073 -1.301
abort_3 95 2 1 3 231 745 -.564 -.990
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Table G. 3 (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis
abor 4 95 2 1 3 2.46 712 -.953 -.408
pre_IG_1 95 2 1 3 153 712 988 -.354
pre_IG_2 95 2 1 3 165 .711 620 -.805
pre_IG_3 95 2 1 3 187 747 210 -1.169
pre_IG_4 95 2 1 3 199 .819 .020 -1.507
gene_ther 1 95 3 1 4 2.86 1.068 -.310 -1.269
gene_ther_2 95 3 1 4 2.65 1.128 -.185 -1.351
gene_ther_3 95 3 1 4 251 1.030 -.014 -1.125
gene_ther 4 95 3 1 4 1.68 .866 1.167 .629
gene_ther 5 95 3 1 4 1.66 .906 1.250 .626
gene_ther_6 95 3 1 4 2.06 1.156 592 -1.157
gene_ther 7 95 4 1 4 3.22 1012 -.963 -.143
gene_ther_8 95 4 1 4 249 1.147 143 -1.264
gene_ther 9 95 3 1 4 1.65 .920 1.255 527
gene_ther 10 95 3 1 4 221 1.110 ATT7 -1.106
g_thr sit 1 1 95 4 1 5 176 .964 1.234 .894
g_thr sit 1 2 95 4 1 5 247 1.060 152 -.979
g_thr sit 1 3 95 4 1 5 184 1055  1.267 1.055
g_thr sit 2.1 95 4 1 5 177 1.015 1.230 618
g_thr_sit 2 2 95 4 1 5 235 1.128 322 -1.106
g_thr_sit 2 3 95 4 1 5 177 .994 1.280 1.162
g_thr sit 3 1 95 4 1 5 167 1.015 1.570 1.783
g_thr_sit 3 2 95 4 1 5 225 1111 528 -.699
g_thr sit 3 3 95 4 1 5 169 1011 1594 2.188

Table G.4. Data screening for Attitudes towards Issues in Genetics Literacy Scale

from main study

Valid Cases Missing Cases Total
N Percent (%) N Percent (%) N Percent (%)
gen_attl 435 100 0 0 435 100
gen_att2 434 98.8 1 2 435 100
gen_att3 435 100 0 0 435 100
gen_att_4 434 99.8 1 2 435 100
gen_att 5 429 98.6 6 1.4 435 100
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Table G. 4 (Continued)

Valid Missing Valid Missing
Cases Cases Total Cases Cases
N Percent (%) N N Percent (%)

gen_att6 433 99.5 2 5 435 100
gen_att7 435 100 0 .0 435 100
gen_att8 435 100 0 .0 435 100
gen_att9 432 99.3 3 v 435 100
gen_att10 432 99.3 3 T 435 100
gen_attll 434 99.8 1 2 435 100
gen_att12 434 98.8 1 2 435 100
gen_att13 433 99.5 2 5 435 100
gen_att1l4 434 99.8 1 2 435 100
gen_att15 433 99.5 2 5 435 100
gen_att16 434 99.8 1 2 435 100
gen_attl7 434 99.8 1 2 435 100
gen_att18 435 100 0 .0 435 100
gen_att19 435 100 0 .0 435 100
use_gen 1 432 99.3 3 g 435 100
use_gen_2 432 99.3 3 v 435 100
use_gen_3 431 99.1 4 9 435 100
use_gen_4 433 99.5 2 5 435 100
abort_1 429 98.6 6 14 435 100
abort_2 430 98.9 5 1.1 435 100
abort_3 429 98.6 6 14 435 100
abor_4 430 98.9 5 1.1 435 100
pre_IG_1 431 99.1 4 9 435 100
pre_IG 2 431 99.1 4 9 435 100
pre_IG_3 431 99.1 4 9 435 100
pre_IG_4 431 99.1 4 9 435 100
gene_ther 1 433 99.5 2 5 435 100
gene_ther_2 433 99.5 2 5 435 100
gene_ther 3 432 99.3 3 g 435 100
gene_ther_4 433 99.5 2 .5 435 100
gene_ther 5 433 99.5 2 5 435 100
gene_ther_6 433 99.5 2 5 435 100
gene_ther 7 433 99.5 2 5 435 100
gene_ther_8 433 99.5 2 5 435 100
gene_ther 9 433 99.5 2 5 435 100
gene_ther_10 432 99.3 3 4 435 100
g_thr sit 1 1 432 99.3 3 v 435 100
g_thr sit 1 2 432 99.3 3 v 435 100
g thr sit 1 3 432 99.3 3 N 435 100
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Table G. 4 (Continued)

Valid Missing Valid Missing
Cases Cases Total Cases Cases
g_thr sit 2 1 N Percent (%) N N Percent (%)
g_thr_sit 2 2 432 99.3 3 T 435 100
g_thr_sit 2 3 432 99.3 3 v 435 100
g thr_sit 3 1 432 99.3 3 T 435 100
g_thr_sit 3 2 432 99.3 3 v 435 100
g thr sit 3 3 432 99.3 3 N 435 100

Table G.5. Descriptive statistics of Attitudes towards Issues in Genetics Literacy

Scale for main study

Item N Range Min Max Mean S.D. Skewness Kurtosis
gen_attl 435 4 1 5 2.74 1.230 271 -1.065
gen_att2 434 4 1 5 182 .880 1.349 2.124
gen_att3 435 4 1 5 291 1.287 .166 -1.048
gen_att 4 434 4 1 5 2.07 1.019 957 464
gen_att 5 429 4 1 5 237 995 .568 -.339
gen_att6 433 4 1 5 3.27 1.082 -.366 -.859
gen_att7 435 4 1 5 413  .897 -1.241 1.762
gen_att8 435 4 1 5 409 .998 -1.348 1.593
gen_att9 432 4 1 5 414 833 -1.145 1.913
gen_att10 432 4 1 5 3.34 945 -.053 -.391
gen_attll 434 4 1 5 354 1.010 -.404 -.485
gen_att12 434 4 1 5 339 1.014 -.370 -.391
gen_att13 433 4 1 5 2.27 1.010 743 275
gen_att14 434 4 1 5 349 959 -414 -.555
gen_attl5 433 4 1 5 261 1.011 .658 -.006
gen_att16 434 4 1 5 202 974 1.269 1.589
gen_attl7 434 4 1 5 252 1.079 .506 -.308
gen_att18 435 4 1 5 341 1.133 -.329 -.873
gen_att19 435 4 1 5 191 1.095 1.178 .684
use_gen_1 432 4 1 5 214 1172 832 -.284
use_gen_2 432 4 1 5 2.02 1.110 1.032 234
use_gen_3 431 4 1 5 1.94 1.029 1.132 774
use_gen_4 433 4 1 5 3.58 1.158 -.930 .056
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Table G. 5 (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis
abort_1 429 2 1 3 1.61 811 817 -.993
abort_2 430 2 1 3 1.82  .803 .330 -1.375
abort_3 429 2 1 3 2.08  .800 -.148 -1.424
abor 4 430 2 1 3 232 792 -.627 -1.131
pre_IG_1 431 2 1 3 149 750 1.142 -271
pre_IG_2 431 2 1 3 157 .768 913 -.709
pre_IG_3 431 2 1 3 174 798 512 -1.250
pre_IG_4 431 2 1 3 188 841 236 -1.550
gene_ther 1 433 3 1 4 2.75 1.041 -122 -1.275
gene_ther_2 433 3 1 4 256 1.112 .007 -1.360
gene_ther_3 432 3 1 4 236 1.072 .205 -1.207
gene_ther 4 433 3 1 4 1.67  .859 1.252 912
gene_ther 5 433 3 1 4 158 .838 1.482 1.563
gene_ther_6 433 3 1 4 2.09 1.042 .607 -.812
gene_ther 7 433 3 1 4 3.15 1.041 -.804 -.760
gene_ther_8 433 3 1 4 2.61 1.100 -.052 -1.338
gene_ther 9 433 3 1 4 155 .810 1.469 1.504
gene_ther_10 432 3 1 4 2.18 1.076 474 -1.038
g.thrsit 11 432 4 1 5 167 .978 1.711 2.609
g thrsit 12 432 4 1 5 247 1.156 349 -.874
g thr sit 1 3 432 4 1 5 1.81 1.152 1.536 1.548
g thrsit2 1 432 4 1 5 154 882 1.844 3.117
g_thr sit 2 2 432 4 1 5 235 1.176 455 -.939
g_thr sit 2 3 432 4 1 5 1.71 1.105 1.685 2.056
g_thr sit 3 1 432 4 1 5 151 .856 2.029 4.284
g_thr_sit 3 2 432 4 1 5 224 1.166 .590 -.748
g thr sit 3 3 432 4 1 5 1.65 1.042 1.862 2.927
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Table G.6. Descriptive statistics of Attitudes towards Issues in Genetics Literacy

Scale after imputation for main study

Item N Range Min Max Mean S.D. Skewness Kurtosis
gen_attl 435 4 1 5 274 1.230 271 -1.065
gen_att2 435 4 1 5 1.81  .879 1.352 2.135
gen_att3 435 4 1 5 291 1.287 .166 -1.048
gen_att 4 435 4 1 5 207 1.018 .956 468
gen_att_ 5 435 4 1 5 236  .992 .589 -314
gen_att6 435 4 1 5 327 1.082 -.364 -.866
gen_att7 435 4 1 5 413  .897 -1.241 1.762
gen_att8 435 4 1 5 4.09 .998 -1.348 1.593
gen_att9 435 4 1 5 413  .840 -1.131 1.793
gen_att10 435 4 1 5 333 .948 -.044 -.409
gen_attl1l 435 4 1 5 354 1.009 -.408 -481
gen_att12 435 4 1 5 339 1.013 -.368 -.386
gen_att13 435 4 1 5 226 1.011 736 273
gen_att14 435 4 1 5 349 958 -415 -.549
gen_att15 435 4 1 5 261 1.009 659 .001
gen_att16 435 4 1 5 202 973 1.267 1.591
gen_attl7 435 4 1 5 252 1.078 504 -.305
gen_att18 435 4 1 5 341 1133 -.329 -.873
gen_att19 435 4 1 5 191 1.095 1.178 .684
use_gen_1 435 4 1 5 214 1174 830 -.299
use_gen_2 435 4 1 5 201 1.107 1.039 .256
use_gen 3 435 4 1 5 194 1.027 1.140 .803
use_gen_4 435 4 1 5 3.59 1157 -.933 .066
abort_1 435 2 1 3 161 .808 834 -.961
abort_2 435 2 1 3 182 802 331 -1.373
abort_3 435 2 1 3 209 .801 -.159 -1.426
abor 4 435 2 1 3 232 .79 -.639 -1.114
pre_IG_1 435 2 1 3 149 .751 1.135 -.288
pre_IG_2 435 2 1 3 157 769 .909 -.718
pre_IG_3 435 2 1 3 173 .79 517 -1.249
pre_IG_4 435 2 1 3 1.88  .841 238 -1.549
gene_ther 1 435 3 1 4 275 1.043 -.116 -1.277
gene_ther 2 435 3 1 4 257 1114 -.001 -1.365
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Table G. 6 (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis
gene_ther_3 435 3 1 4 2.36  1.076 .209 -1.213
gene_ther_4 435 3 1 4 1.67  .859 1.258 .928
gene_ther 5 435 3 1 4 1.58  .837 1.489 1.583
gene_ther_6 435 3 1 4 209 1041 .603 -.813
gene_ther_7 435 3 1 4 3.15 1.039 -.807 -.751
gene_ther_8 435 3 1 4 2.62 1.099 -.058 -1.336
gene_ther_9 435 3 1 4 1.55  .809 1.475 1.525
gene_ther_10 435 3 1 4 218 1.073 A75 -1.034
g_thrsit 1 1 435 4 1 5 1.67  .975 1.712 2.630
g_thr_sit 1 2 435 4 1 5 247 1154 .349 -.874
g thrsit 13 435 4 1 5 1.80 1.150 1.546 1.580
g_thrsit 2 1 435 4 1 5 1.54  .880 1.842 3.127
g_thr_sit 2 2 435 4 1 5 235 1.177 448 -.949
g thr sit2 3 435 4 1 5 172 1114 1.665 1.970
g_thr_sit 3 1 435 4 1 5 151 .854 2.026 4.291
g_thr_sit 3 2 435 4 1 5 224 1170 .580 - 775
g thr sit 3 3 435 4 1 5 1.65 1.040 1.868 2.960
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APPENDIX H

PERCEPTIONS OF TEACHING ISSUES IN GENETICS LITERACY SCALE

Genetik Okuryazarhk Ogretimine Yénelik Alg Olcegi

Yénerge: Verilen ifadeler icin asagida verilen dlgedi kullanarak gorislindzi
en iyl tarnimlayacak secenegi isaretleyiniz:

Katilmiyorum
Katilmiyorum

Katiliyorum
Katilyorum

Kararsizim

1. | Genetik okuryazarhkla ilgili egitim ve dgretim materyalleri gelistirmek
isterim. o
2. | Ders zamanin simirl olmasi genetik okuryazarlik konusunu anlatirken
beni sikintiya sokuyor.

3. | Me kadar gok caba harcasam da genetik ckuryazarhk konusunu, fen
bilgisi dersindeki diger konular kadar iyi 8retemiyorum.

4. | Genetik okuryazarlik konusu ilgili materyal elde edebilirsem, simifimda
kullaniyorum

5. | Genetik okuryazarlik kenusunu anlatirken cesitli ogretim yontemleri
kullaniyorum

6. | Ogretmenlerin genetik okuryazarlik konusunu anlamalarina yardim
amaci ile hazirlanmis programlara katilmak isterim. o
7. | Ogrencilerimin genetik okuryazarhik konusunu anlamak igin yeterince
hazir elmadiklarina inamyorum.

8. | Genetik okuryazarlik kenusunun grencilerimin ilgisini gekecegini pek
zannetmiyorum.
9. | Ogrencilerin genetik okuryazarhk konusundaki yetersiz &nbilgileri
giderilmelidir.

10| Genetik akuryazarhik konusu genellikle basarih dgrencileri
ilgilendiriyor.

11! Genetik okuryazarhk konusu dgrencilerin bilime kargi ilgisini artinyor.

12| Genetik okuryazarhk konusunu yeterince anlayabiliyorum.

13| Genetik okuryazarhk konusuyla ilgili egitim ve dgretim materyalleri
gelistirme konusunda kendime gliveniyorum.
14) Genetik okuryazarhk konusu ggrencinin kendi deger yargilan hakkinda
kafasimi kanstirabilir. i
15| Simif artaminda genetik okuryazarlik konusu gesitli Ggretim yontemleri
(rol oynama, grup etkinlikleri} kullanarak islemek neredeyse hig
mimkin degildir.
16] Etkili bir sekilde Sgretecek kadar genetik okuryazarhk kavramlanndan
iyi anlryorum
17! Genetik okuryazarhk konusunun 8gretimi fen bilgisi dersinde yer alan
diger konularnmn dgretimi kadar onemli degildir.
18] Genetik ckuryazarlik konusunun 6gretimi caba ve zaman harcamaya
degmez.
19! Genetik okuryazarlik konularina ortadgretim mifredatinda yer

| wverilmesinin daha uygun oldugunu diistniyorum.
20! Genetik okuryazarlik konusu mutlaka fen derslerinde verilmelidir.

Cahismama katkida bulundugunuz igin en derin Te;ekkﬁrlgg@mn'

Important Note:

* Item 3, Item 5 and Item 19 were removed from the Scale according to the explanatory

factor analysis results.
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H.1. Perceptions of Teaching Issues in Genetics Literacy Scale

Table H.1. Item-total statistics and inter-item correlation for teachers’ perceptions

of teaching genetics literacy issues scale

Scale Mean Squared Cronbach's

if tem  Scale Variance Corrected Item- Multiple Alpha if Item

Deleted if Item Deleted Total Correlation  Correlation Deleted
perc_1 29.21 16.922 676 546 823
perc_3 29.23 18.187 625 483 .830
perc_4 29.13 17.499 729 .589 .818
perc_7 28.95 19.953 412 .240 .853
perc_9 29.24 17.204 695 544 821
perc_15 29.19 18.579 543 522 .839
perc_ 16  28.94 19.259 554 468 .839
perc 17  29.26 17.479 527 301 .845

Table H.2. Item-total statistics for teachers’ perceptions of the factors that impede

addressing genetics literacy issues in their classrooms

Scale Mean Squared Cronbach's

if tem  Scale Variance Corrected Item- Multiple Alpha if Item

Deleted if Item Deleted Total Correlation  Correlation Deleted
perc_5  10.85 12.738 385 169 783
perc_6 11.68 10.786 635 429 .703
perc.8  11.19 10.506 597 412 716
perc_12 1218 11.281 634 438 708
perc_13 1156 11.032 507 .333 .750
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Table H.3. Item-total statistics for teachers’ personal science teaching efficacy beliefs

regarding genetics literacy issues

Scale Mean Squared Cronbach's
if tem  Scale Variance Corrected Item- Multiple Alpha if Item
Deleted if Item Deleted Total Correlation  Correlation Deleted
perc_2 10.48 4.209 575 .367 .703
perc_10  10.81 4.027 662 461 656
perc_11  10.82 3.868 643 487 664
perc_14  10.80 4.817 392 .180 795

Table H. 4. Inter-item correlations

Max / N of
Mean Min Max Range Min Variance Items

Necessity of addressing genetics

literacy issues in their classes 4.1634.0434.370 .326 1.081 .017 8
The factors that impede addressing

genetics literacy issues in their 2.8732.1833516 1.333 1611 .255 5
classrooms

Teachers’ personal science teaching

efficacy beliefs regarding genetics 357534843817 333 1096 026 A
literacy issues ' ' : : - :
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Table H.5. Data screening for teachers’ perceptions of teaching genetics literacy

issues scale
Valid Cases Missing Cases Total
N Percent (%) N Percent (%) N Percent (%)

perc_1 430 98.9 5 1.1 435 100
perc_2 433 99.5 2 5 435 100
perc_3 432 99.3 3 7 435 100
perc_4 431 99.1 4 9 435 100
perc_s 433 99.5 2 5 435 100
perc_6 433 99.5 2 5 435 100
perc_7 432 99.3 3 7 435 100
perc_8 432 99.3 3 7 435 100
perc_9 432 99.3 3 7 435 100
perc_10 433 99.5 2 5 435 100
perc_11 432 99.3 3 7 435 100
perc_12 433 99.5 2 5 435 100
perc_13 433 99.5 2 5 435 100
perc_14 430 98.9 5 1.1 435 100
perc_15 433 99.5 2 5 435 100
perc_16 432 99.3 3 7 435 100
perc_17 433 99.5 2 5 435 100

Table H.6. Descriptive statistics of teachers’ perceptions of teaching genetics literacy

issues scale for main study

Item N Range Min Max Mean S.D. Skewness Kurtosis
perc_1 430 4 1 5 407 .843 -.818 397
perc_2 433 4 1 5 246 1.009 683 -119
perc_3 432 3 2 5  4.08 .740 -.992 1.568
perc_4 431 4 1 5 413 .788 -1.113 1.922
perc_5 433 4 1 5 337 1142 -.333 -.953
perc_6 433 4 1 5 220 .999 924 534
perc_7 432 4 1 5 427 689 -1.176 3.090
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Table H.6 (Continued)

Item N Range Min Max Mean S.D. Skewness Kurtosis

perc_8 432 4 1 5 286  1.249 212 -1.138
perc_9 432 4 1 5 4.17 749 -914  1.273
perc_10 433 4 1 5 3.84 777 -723  1.108
perc_11 432 4 1 5 3.38 .829 041 - 447
perc_12 433 4 1 5 3.06  1.039 .001 -.914
perc_13 433 4 1 5 275  1.056 410 -.676
perc_14 430 4 1 5 3.46 875 -406  -.095
perc_15 433 4 1 5 1.79 791 1.326  2.656
perc_16 432 4 1 5 1.59 .685 1.337  3.144
perc_17 433 4 1 5 4.08 994  -1.220 1.331

Table H.7. Descriptive statistics of teachers’ perceptions of teaching genetics

literacy issues scale after imputation for main study

Item N Range Min Max Mean S.D. Skewness Kurtosis
perc_1 435 4 1 5 407 .840 -.812 404
perc_2 435 4 1 5 246 1.012 674 -142
perc_3 435 3 2 5 408 .745 -1.001 1.546
perc_4 435 5 1 5 413 .788 -1.094 1.916
perc_5 435 4 1 5 337 1.143 -.322 -.969
perc_6 435 4 1 5 220 .997 929 552
perc_7 435 4 1 5 427 687 -1.171 3.106
perc_8 435 4 1 5 287 1251 201 -1.145
perc_9 435 4 1 5 416 .749 -.905 1.251
perc_10 435 4 1 5 384 776 -719 1.101
perc_11 435 4 1 5 339 .827 .036 -.442
perc_12 435 4 1 5 3.06 1.039 -.008 -917
perc_13 435 4 1 5 275 1.054 413 -.669
perc_14 435 4 1 5 346 872 -.407 -.083
perc_15 435 4 1 5 1.79 .790 1.327 2.666
perc_16 435 4 1 5 159 .684 1.339 2.161
perc_17 435 4 1 5 408 .991 -1.222 1.349
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APPENDIX |
DECISION MAKING INTERVIEW PROTOCOLS
I. 1. Fetal Tissue Transplantation Scenario

Senaryo 1: Fetiis Doku Transferi

Son yillarda yapilan bilimsel aragtirmalar sonucunda, kiirtajla alinan fetiisten bagka bir
insana doku transferinde basar1 saglanmistir. “Fetiis doku transferi” olarak adlandirilan
bu yontemin; diyabet, Parkinson ve Alzheimer gibi hastaliklara sahip bireylerin iyilesme

olasiligini arttirmast umulmaktadir.
Senaryo:

Ahmet ve Suzan 30’lu yaslarin sonlara yaklasan ve iki ergen cocuklari olan evli bir
cifttir. Yakin zamanda, Suzan’in babasina Parkinson Hastalig1 teshisi konuldu. Bu
hastalik, titreme ve kas sertligi gibi belirtiler gostermektedir. Suzan’in babasinin hastaligi
yavas ilerleme gostermesine ragmen, doktoru, babasinin zamanla daha da gii¢siiz ve aciz

kalacagini agikladi.

Babasinin hastaligint 6grendigi gilinlerde Suzan; yerel gazetede, bir devlet iiniversitesi
tarafindan Parkinson hastalari ile yliriitiilen arastirma projesi hakkinda bir yaz1 okumustu.
Bu habere gore, Dr. Acar yliriitiiciiliiglindeki aragtirma grubu, caligmalar1 i¢cin gerekli
izinleri almiglardi. Hastalik hakkinda daha fazla bilgi almak i¢in Dr. Acar’la goriisen
Suzan; fetiis beyin hiicrelerinin hastanin beynine nakledilmesiyle, Parkinson hastaliginin
ilerlemesinin yavaglatilabilecegini 6grendi. Bu goriismeden iki ay sonra Suzan hamile
oldugunu &grendi. Ugiincii ¢ocuk istemeyen cift, hamileligi sonlandirmay: diisiindii.
Ancak Suzan’in babasinin hastaliginin ilerlemesi lizerine Ahmet ve Suzan fetiis doku

transferini alternatif bir tedavi se¢enegi olarak diistinmeye bagladi.
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Sorular

1. Deneysel bir arastirma oldugu diisiiniildiigiinde “Fetiis doku transferi”
yontemini Suzan ve Ahmet, Suzan’in babasinin tedavisi i¢in diisiinmeli mi?
Neden?

2. Eger Suzan ve Ahmet, fetiisii aldirmaya karar verirlerse; bu fetlis dokularin,
doku nakli igin bagislamalarina izin verilmeli mi? Neden?

3. Suzan ve Ahmet’in, doku transferi i¢in Suzan’in babasimni “alici” olarak
belirlemesine izin verilmeli mi? Neden?

4. Suzan’in kiirtaj1 istemesindeki asil amaci babasina doku kaynag: saglamak
olsaydi yine de Suzan’in kiirtaj yaptirmasina izin verilmeli miydi?

5. Sizce, Dr. Acar’a, Parkinson hastaliginin tedavisi ic¢in fetiis beyin doku

transferiyle ilgili ¢aligmasina devam etmesi i¢in izin verilmeli mi? Neden?
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I. 2. Cystic Fibrosis Scenario

Senaryo 2: Kistik fibrozis

Sik goriilen hastaliklardan biri olan Kistik fibrosiz (Cystic Fibrosis, CF) otozomal ¢ekinik
bir genetik hastaliktir. Bu hastalik, Amerika Birlesik Devletleri’nde ve ingiltere’de 2000
yeni dogandan birini etkilemekte ve her 20 kisiden biri tagiyict olmaktadir. Kistik fibrozis;
dis salg1 bezlerinin yetersiz ¢calismasina neden olarak terdeki tuz miktarinda ytiksek artisa,
sindirim bozukluklarina ve solunum sisteminde ¢ok miktarda mukus liretimine sebep
olmaktadir. Salgilanan mukus, siklikla goriilen akciger enfeksiyonlarina yol agmaktadir.
Her enfeksiyon uzun vadede akcigerlere zarar verir. Dolayisiyla hastalik dliimciildiir ve

hastalar 40’11 yaslardan sonra nadiren hayatta kalirlar.

Kistik fibrozis hastaligindan sorumlu genin yeri belirlenmistir. Gen terapisi iizerinde
calisan farkl: iilkelerden bilim insanlari, iki farkli yontem tizerinde durmaktadir: Birinci
yontemde; normal bir geni, akciger dokusunda bulunan deforme olmus genle degistirmek
amaglanmistir. Akcigerlerin karmasik olan yapisi, epitel hiicrelerinin ¢ikarilmasini ve gen
degisiminden sonra bu hiicrelerin geri konulmasini imkansiz hale getirmesine karsin, 1992
yilinda bir grup arastirmaci, bir farenin akcigerlerindeki epitel hiicrelerine genleri
yerlestirmeyi basarmis ve bu genler, 6 hafta boyunca fonksiyonlarini siirdiirmiistiir. Ikinci
yontemde ise normal genler iceren bir sprey gelistirilmesi hedeflenmis ve bu normal
genlerin, “tagiyicilara” yerlestirilerek, normal genlerin hiicrelere tasinmasi amaclanmistir.
Bu spreyi kullanan Kistik fibrozis hastalarinin hiicrelerinde, bu normal genlerin
calisacaklar1 umulmaktadir. Ancak, tiim bu ¢abalara ragmen Kistik fibrozis hastaliginin

genetik tedavisinin uygulanabilmesi i¢in uzun bir zaman gerekmektedir.
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Senaryo:

1. Otozomal c¢ekinik 6zellik gosteren Kistik fibrozis hastasi erkek kardesleri olan
Reyhan ve Semih evli bir ¢ifttir. Reyhan hamiledir. Bu ¢ift embriyoyu aldirmali
midir? Neden?

2. Yapilan genetik testler sonucunda, Reyhan ve Semih’in her ikisinin de Kistik
fibrozis tasiyicis1 oldugu ve embriyonun da Kistik fibrozis hastasi oldugunu
belirlenmistir. Sizce yapilan testin sonuglarina gore, Reyhan ve Semih kiirtaja

karar vermeli mi? Neden?
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I. 3. Huntington Disease Scenario

Senaryo 3: Huntington Hastahg:

Huntington hastali1, baskin genetik bir hastaliktir. ilgili allelin bulundugu tasiyicilar,
hayatlarinin bir doneminde hastaligin belirtilerini gostermektedir. Tipik baslangi¢
belirtileri, 35-45 yaslar1 arasinda goriilmektedir. Hastalarda, irade dis1 kol ve bacak
titremeleri ve kisilik degisimleri (birden bire meydana gelen aglamalar, agiklanamayan
Ofke nobetleri, hafiza kayb1 ve bazen sizofren davraniglar) goriiliir. Hastaligin farkli
evrelerindeki belirtilerin siddeti, bir hastadan digerine farklilik gostermektedir. Bu
hastalik oliimciildiir ve olim 50 yas civarinda gergeklesmektedir. Hastalar son

evrelerinde, hastalar bitkisel hayata girmektedir.
Senaryo:

28 yasinda olan Lale, kisa bir siire 6nce evlenmistir. Lale’nin babasi, 50 yasindadir ve son
bes yildir Huntington hastasidir. Huntington hastalifi genini tasiylp tasimadigini
ogrenmek icin genetik test yaptirmayr istemeyen Lale, hamile oldugunu &grenince,
fetiisiin tasiyic1 olup olmadigini 6grenme ihtiyaci hissetti. Lale’nin yaptirdigi genetik

testler, fetiisiin ger¢ekten de Huntington hastaligi tasiyicisi oldugunu gosterdi.
Lale kiirtaj yaptirmali m1? Neden?

1. Ortalama yasam stiresinin 75 yil oldugu ve Huntigton hastalarinin 50°1i yaslara kadar
normal bir hayat siirdiigii diistiniildiiglinde, aradaki 25 yillik bu fark Lale’nin kiirtaj1
diisiinmesi sizce ne derece dogrudur?

2. Huntington hastalig1 ile belirtileri dogumla baslayan diger hastaliklar arasinda bir fark
oldugunu diisiiniiyor musunuz? Neden?

3. Huntington hastalariin ilerleyen zamanda ¢ekecegi acilar diisiiniildiigiinde, bu acilar,

Lale’nin kiirtaja karar vermesinde bir neden olabilir mi?
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I. 4. Gene Therapy Scenario

Senaryo 4: Gen terapisinin Huntington hastahiginda kullanilmasi

Germline gen terapisi, insanlarda heniiz kullanilmaya baslanmamis bir genetik
teknolojidir. Germline gen terapisi, bir bireyin lireme (yumurta veya sperm) hiicrelerinde
bulunan veya dollenmeden hemen sonra olugan embriyonun bir geninin degistirilmesi
esasina dayanir. Germline gen terapisinin amaci, istenmeyen geni istenilen bir genle
degistirmektir. Gen terapisi sonucunda olusan lireme hiicresi ya da embriyo “yeni” geni

icerecek ve istenmeyen “eski” gen yok olacaktir.
Senaryo 4.a: Huntington Hastalig1

Huntington hastalig1 tek bir gen tarafindan kontrol edilmektedir. Bu nedenle, germline gen

terapisi bu hastaligin tedavisinde kullanilabilir.

Ureme hiicrelerinden Huntington hastaligi genini yok etmek suretiyle, yeni nesiller

olusturulmasinda gen terapisi kullanilmali m1?
Sizi bu sekilde diisiinmeye sevk eden faktorler nelerdir? Agiklar misiniz?

l.a. Simdi, kendinizi Huntington hastas1 bir ¢cocugu olan ebeveynin yerine koyun. Yine

ayni karar1 verir miydiniz?

1.b. Simdi ise, kendinizi Huntington hastalig1 genini tagtyan cocugun yerine koyun. Yine

ayni karar1 verir miydiniz?

Gen terapisinin herhangi bir ahlaki kural veya prensiple iliskili oldugunu diisiiniiyor

musunuz? Neden?
Ebeveyne ¢ocugunun genlerini degistirme hakki verilmeli mi? Neden?

2.a. Gen terapisi yapilan ¢ocugun gelecegini diisiindiigiiniizde yine aymi karar verir

miydiniz? Neden?
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2.b. Gen terapisi yapilmayan gelecegini diisiindiigliniizde yine ayni karar verir miydiniz?
Neden?

Senaryo 4.b: Gen terapisinin zeka iizerinde kullanilmasi

Insan zekasinin, iginde ¢evresel ve genetik etkilerin de bulundugu bir ¢ok faktdr tarafindan
kontrol edildigi bilinmektedir. Bir bireyin zekasini tam anlamiyla belirleyebilen ne
genetik ne de gevresel tek bir faktor vardir. Dolayisiyla, bireyin zekasinda, birkag genin
katkisinin olmasi olasidir. Bununla birlikte, bilim insanlarinin bir kiginin zekasina en

azindan katkis1 olan bir gen bulmalar1 miimkiindiir.

Eger bilim, insan zekasini 6nemli 6l¢iide belirleyen bir geni izole edebilirse; bu gen

gelecek nesillerin zeka diizeyini arttirmak i¢in gen terapisinde kullanilmalidir?

1. Sizi boyle diistinmeye sevk eden faktorler nelerdir? Agiklar misiniz?
a) Zekasinin diizeyi arttirilan ¢ocugun ebeveynlerinin duygu ve sorumluluklari
acgisindan,
b) Zeka diizeyi arttirilan bir cocugun duygulari ve haklar agisindan,
c) Gen terapisi yapilan ¢ocugun ve gen terapisi yapilmayan ¢ocugun gelecegi
agisindan,
2. Bu olayda uygulanan gen terapisinin, herhangi bir ahlaki kural veya prensiple
iliskili oldugunu diisiiniiyor musunuz? Neden?
3. Ebeveynlere, cocugunun zeka diizeyini arttirmak adina onun genlerini degistirme
hakki verilmeli mi? Neden?
Bu boliimde Ogretmenlere, daha 6nce okumus olduklart gen terapisinin Huntington
hastaliginin tedavisinde ve zeka diizeyinin arttirllmasinda kullanilmasi ile ilgili ortak

sorular sorulacaktir:

4. Huntington hastaliginin tedavisi ve zeka diizeyinin arttirilmasi ile ilgili gene
terapisi uygulamalarini gergeklestirecek doktorlarin gorev ve sorumluluklari neler
olmalidir? Her iki durumda da doktorlarin gorev ve sorumluluklart ayn1 midir?
Neden?

5. Sizce kimler gen terapisi yaptirmali? Neden boyle diistiniiyorsunuz?
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Huntington hastalig1 genini tagiyan ebeveynler mi yoksa ¢ocugunun zeka diizeyini
arttirmak isteyen ebeveynler mi?

Gen terapisiyle ilgili sizi en ¢ok neler endiselendirmektedir?

Gen terapisiyle ilgili sizi endiselendiren teknolojik konular var mi1? Varsa bu

konular nelerdir?
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APPENDIX J

CANONICAL CORRELATION ANALYSIS ASSUMPTIONS

J.1. Missing Data Analysis

Table J.1. Missing Data Analysis

Valid Cases Valid Cases Total

N (%) N Percent (%) N Percent (%)

gender 435 100 O 0 435 100
Teaching experience 433 995 2 0.5 435 100
Int_gen 435 100 O 0 435 100
Know_gen 435 100 O 0 435 100
GLAI 435 100 O 0 435 100
General attitude 435 100 O 0 435 100
Use of genetic information 435 100 O 0 435 100
Abortion 435 100 O 0 435 100
Pre-implementation genetic diagnosis 435 100 O 0 435 100
Gene therapy 435 100 O 0 435 100
Gene therapy applications 435 100 O 0 435 100
Necessity of genetics literacy issues 435 100 O 0 435 100
Impeding factors 435 100 O 0 435 100
Teaching efficacy beliefs 435 100 O 0 435 100
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J.2. Normality
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Figure J.2.1. Histogram of total score of the GLAI
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Figure J. 2.2. Q-Q Plot of total score of the GLAI
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Figure J. 2.4. Q-Q Plot of total score of general attitude
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Figure J.2.6. Q-Q Plot of total score of use of genetic information
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Figure J. 2.8. Q-Q Plot of total score of abortion
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Figure J.2.14. Q-Q Plot of total score of gene therapy applications
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Figure J.2.16. Q-Q Plot of total score of necessity of introducing genetics literacy
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Figure J.2.18. Q-Q Plot of total score of impeding factors
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Figure J.2.20. Q-Q Plot of total score of self-efficacy beliefs
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Figure J.2.21. P-P Plot of total score of the GLAI
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Figure J.2.22. P-P Plot of total score of general attitude
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Normal P-P Plot of Regression Standardized Residual
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Figure J.2.23. P-P Plot of total score of use of genetic information
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Figure J.2.24. P-P Plot of total score of abortion
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Figure J.2.25. P-P Plot of total score of pre-implementation genetic diagnosis
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299



MNormal P-P Plot of Regression Standardized Residual
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Figure J.2.27. P-P Plot of total score of gene therapy applications
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Figure J.2.28. P-P Plot of total score of necessity of introducing genetics literacy
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MNormal P-P Plot of Regression Standardized Residual
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Figure J.2.29. P-P Plot of total score of impeding factors
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Figure J.2.30. P-P Plot of total score of self-efficacy beliefs
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J. 3. Linearity
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Figure J.3.1: Scatterplot of the standardized residuals for GLAI
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Figure J.3.2: Scatterplot of the standardized residuals for general attitude
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Scatterplot
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Scatterplot
Dependent Variable: total_PDG
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Figure J.2.3: Scatterplot of the standardized residuals for pre-implementation genetic

diagnosis
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Figure J.3.6: Scatterplot of the standardized residuals for gene therapy
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Figure J.3.7: Scatterplot of the standardized residuals for gene therapy applications
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Figure J.3.8: Scatterplot of the standardized residuals for necessity of introducing
genetics literacy issues
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Scatterplot
Dependent Variable: total_impeding
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Figure J.3.9: Scatterplot of the standardized residuals for impeding factors
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Figure J.3.10: Scatterplot of the standardized residuals for teachers’ teaching efficacy

beliefs regarding genetics literacy
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APPENDIX L

TURKISH SUMMARY

1. Giris

Bilimsel okuryazarlik diizeyinin arttirilmasi, fen egitiminin énemli ve temel amaglari
arasindadir (Bybee, 1997; National Research Council [NRC], 1996). Bilimsel okuryazar
bireyler yetistirilmesi Fen ve Teknoloji Ogretim Programinin temel amaclari arasinda yer
almakla birlikte, “bilimsel ve teknolojik okuryazar bireylerin yetistirilmesi” olarak

programin vizyonunda da yer almaktadir (Milli Egitim Bakanligi [MEB], 2006; s. 5).

Yasanan teknolojik gelismeler, toplumu genetik biliminde ve genetik teknolojilerinde
yasanan yeniliklerle yliz yiize getirmektedir (Bowling ve ark., 2008; Jennings, 2004).
Ormnegin; genetik testler, genetigi degistirilmis gidalar, pre-implemantayon genetik tan,
klonlama ve kok hiicre calismalari, gene terapisi ve uygulamalar1 bireylerin giinliik
yasantilarinda siklikla karsilastiklari durumlar haline gelmistir (Klop & Severiens, 2007;
Sadler, Amirshokoohi, Kezampouri ve Allspaw, 2006; Sadler & Zeidler, 2004; Sadler,
2004; Reis & Galvao, 2004; Sturgis, Cooper & Fife-Schaw, 2005). Bu konularin 6neminin
giderek artiyor olmasi, toplumun bilimsel geligsmeleri takip edebilecek ve anlayabilecek
bilimsel okuryazar bireylere olan ihtiyacini da arttirmistir. (Duncan, Rogat & Yarden,
2009; Tsui & Treagust, 2010). Bilimsel okuryazar bu bireyler, toplumdaki bu rollerinin
yaninda DNA ve gen gibi genetik yapilarin hayatlarindaki islevlerini de kavramiglardir
(Miller, 1998; Tsui ve Treagust, 2010). Dolayisiyla genetik, bilimsel okuryazarligin
ayrilmaz bir pargasi haline gelmistir (Duncan et al., 2009; Tsui & Treagust, 2010). Klop,
Severiens, Knippels, van Mil ve Ten Dam’a (2010) gore, bilimsel okuryazar bireyler;
genetik ile ilgili dogru temel bilgilere sahip olmalarinin yani sira genetik uygulamalari
konusundaki davranig ve kararlarinda net fikirlere sahiptir. Klop ve arkadaslarinin (2010)
vurguladigr lizere bireylerin giinliik hayatlarinda karsilastiklar1 genetik uygulamalari
hakkinda bilgi sahibi olmalar1 ve karar verme stire¢lerine aktif olarak katilmalari, onlarin
genetik okuryazari olmalarini gerektirmektedir. Genetik okuryazari bireyler, genetik ile

ilgili konularda kisisel sagliklar1 i¢in gerekli kararlar konusunda yeterli bilgiye ve

312



genetikle ilgili karar verme siireclerinde aktif bir sekilde rol almalari i¢in gerekli bilgi
donanimina sahiptir (Bowling et al., 2008). Gelecegin toplumunu olusturacak genetik
okuryazar bireylerin yetistirilmesi ve 6grencilerin genetik okuryazarlik diizeylerinin
arttirilmasi i¢in 6gretmenlerin genetik okuryazar olmasi gerekmektedir. Bunun yani sira
Ogretmenlerin genetik okuryazarlifa yonelik tutumlar1 ve genetik okuryazarligin
ogretimine yonelik algilar1 da, genetik okuryazar bireylerin yetistirilmesi ve 6grencilerin

genetik okuryazarlik diizeylerinin arttirilmasinda etkilidir.

Genetik okuryazarlik kavrami diinyada ve iilkemizde yeni gelisen bir ¢alisma alanidir ve
dolayistyla bu alanda yapilan ¢alisma sayisi azdir (Acra, 2006; Bowling, 2007; Bowling
et al., 2008; Cebesoy & Tekkaya, 2011a, 2011b, 2012; ve Moskalik, 2007). Bu ¢alismada
ongoriilen genetik okuryazarlik 6lgme envanteri, genetik okuryazarlik konularina yonelik
tutum Olcegi ve Ogretmenlerin genetik okuryazarlik konularimi 6gretimine yonelik
algilarin1  belirlemeye yonelik bu denli kapsamli bir caligma ilgili literatiirde
bulunmamaktadir. Alanda var olan bu eksikligi gidermek adina gerceklestirilen bu

calismada, asagidaki sorulara cevap aranmistir:

1. Fen bilimleri ogretmenlerinin genetik okuryazarlik diizeylerinin, genetik
okuryazarlik konularina yonelik tutumlarin ve genetik okuryazarlik 6gretimine
yonelik algilar1 nelerdir?

2. Fen bilimleri 6gretmenlerinin genetik okuryazarlik diizeyleri, genetik okuryazarlik
konularma yonelik tutumlar1 ve genetik okuryazarlik 6gretimine yonelik algilar
ile gesitli demografik bilgileri (cinsiyet, mesleki deneyim, mezun olunan boliim,
genetik okuryazarlifa yonelik ilgi ve genetik okuryazarligin 6grenildigi bilgi
kaynaklar1) arasinda nasil bir iligki vardir?

3. Fen bilimleri 6gretmenlerinin, ¢esitli genetik okuryazarlik konularinda karar

verme siireglerini etkileyen faktorler nelerdir?

Bu ¢alismada elde edilecek sonuglarin; fen bilimleri 6gretmenlerinin genetik okuryazarlik
seviyelerinin, genetik okuryazarliga yonelik tutumlarinin ve genetik okuryazarlik
Ogretimine yonelik algilarinin ve genetik okuryazarhiga etki eden faktdrlerin

belirlenmesine yardimci olacagi Ongoriilmektedir. Yine gergeklestirilecek yari
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yapilandirilmis miilakatlar ile 6gretmenlerin genetik okuryazarlik ile ilgili hazirlanan
farkli 6rnek olaylarda kullandiklar1 karar verme siireclerini etkileyen faktorler
incelenecektir. Ayrica sonuglarin, genetik okuryazar 6gretmen yetistirilmesi konusunda

mevcut hizmet i¢i egitim programlarimin etkililigi hakkinda fikir verecegi umulmaktadir.

2. Yontem

Bu aragtirmada, karma arastirma yontemlerinden swrali agiklayici tasarim kullanilmistir.
Bu tasarima gore, Once nicel verilerini toplanmasi gergeklestirilmistir. Bunun devaminda

ise nitel veriler toplanmistir (Creswell & Plano-Clark, 2011; Fraenkel et al., 2011).

Arastirmanin deseni ve arastirma siirecine ait basamaklar Sekil 1°de sunulmustur:
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‘ Literatiir taramasi ‘

y

.. Katilimcilarin
Arastirma Deseninin ve Sorularinin - -
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Veri Toplama Araclarinin
gelistirilmesi
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N
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Sekil 1: Aragtirmanin deseni ve arastirma siirecine genel bakis
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3. Orneklem

Bu aragtirmanin nicel kisminin 6rneklemini, Ankara’ya bagli merkez il¢elerde (Cankaya,

Kecioren, Mamak, Etimesgut, Sincan) goérev yapmakta olan 435 fen bilimleri

Ogretmenleri olusturmaktadir.

ODTU Etik Kurulu, Milli Egitim Bakanli1 ve Ankara 1 Milli Egitim Miidiirliigii’nden

gerekli izinler alinarak Ankara genelinde 200 ilk ve ortaokulu arastirmaci tarafindan

gidilmistir. Aragtirmanin nicel kismina, 435 fen ve teknoloji Ogretmeni katilmistir.

Arastirmaya katilan 6gretmenlerin 324’1 (%74.5) bayan ve 111’ini ise erkek katilimeilar

olusturmaktadir (%25.5). Arastirmaya katilan Ogretmenlerin demografik ozellikleri

(6gretmenlik deneyimi mezun olunan brans ve mezun olunan fakiilte) Tablo 1’de

sunulmustur:

Tablo 1:

Arastirmaya katilan fen bilimleri 6gretmenlerinin demografik ozellikleri

Demografik 6zellik

N  Yiizde (%)

Ogretmenlik Deneyimi

1 yildan daha az
1-5yil

6-10 yil

11-15 y1l

16-20 y1l

20 yildan daha fazla

Bransg

Fen bilimleri 6gretmeni
Biyoloji 6gretmeni
Fizik 6gretmeni

Kimya 0gretmeni

Mezun olunan fakiilte

Egitim Fakiiltesi
Fen-Edebiyat Fakiiltesi
Egitim Enstitiisii (3 y1l)
Miihendislik Fakiiltesi

43 9.9
106 24.4
91 20.9
69 15.9
64 14.7
60 14.2
327 75.2
63 14.5
13 3.0
32 7.3
300 69.0
109 251
24 5.5
2 0.4
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Tablo 1 incelendiginde, aragtirmaya katilan 6gretmenlerin nerdeyse yarisinin 1-10 yil
aras1 mesleki deneyime sahip oldugu gériilmektedir. Ogretmenlerin %15.9’u 11-15 yil
aras1 mesleki deneyime sahipken, %14.7’si ise 16-20 y1l aras1 mesleki deneyime sahiptir.
Katilimcilart %9.9’unu olusturan 43 Ogretmen ise 1 yildan daha az Ogretmenlik
deneyimine sahiptir. Bununla birlikte, katilimcilarin %14.2’si ise 20 yildan daha fazla
ogretmenlik deneyimine sahiptir. Arastirmaya katilan Ogretmenlerin branglara gore
dagilimlari incelendiginde, katilimci 6gretmenlerin biiyiik bir cogunlugunun (%75.2) fen
bilimleri 6gretmeni oldugu goériilmektedir. Bunun yani sira, katilimcilardan bir kisminin
fizik, kimya ve biyoloji 6gretmeni oldugu goriilmiistiir. Katilimeilarin mezun olunan
fakdiltelere gore dagilimi incelendiginde katilimcilarin biiylik cogunlugunun (%69) Egitim
Fakiiltesi mezunu olduklar1 ve %25.1’inin ise Fen-Edebiyat Fakiiltesi mezunu oldugu
goriilmektedir. Bununla birlikte katilimeilarin %5.5’inin ise 1973 yilinda agilan ve 1989
yilindaki yasa degisikligi ile Egitim Fakiiltesi biinyesine dahil edilen Egitim Enstitiisii’nii
bitirdikleri goriilmiistiir (Cakiroglu & Cakiroglu, 2003; Giirsimsek, Kaptan, & Erkan,

1997). Sadece 2 6gretmen, Miihendislik Fakiiltesi mezunu oldugunu belirtmistir.

Arastirmanin nitel kisminda ise gidilen okullardaki 6gretmenler ile mesleki deneyim ve
gontlliliik esasina dayali olarak yari yapilandirilmig goriismeler gerceklestirilmistir. Bu
goriismeler, 45-70 dakika arasinda siirmiis, 6gretmenin bilgisi dahilinde ses kaydina
alimmistir. Yar1 yapilandirilmis goriismelere katilan fen ve teknoloji 6gretmenlerinin 13

tanesi bayan (%72.3) ve 5 tanesi ise erkektir (%27.7).

Ogretmenler mesleki deneyimlerine gore 3 gruba (1-4 yil arasinda mesleki deneyime
sahip 6gretmenler, 5-9 y1l arasinda mesleki deneyime sahip 6gretmenler ve 10 yildan fazla
mesleki deneyime sahip 6gretmenler) ayrilmistir. Katilimcilarin mesleki deneyimlerine

gore dagilimlart Tablo 2’de sunulmustur:
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Tablo 2:

Yari-yapilandiriimis  gériismelere katilan ogretmenlerin mesleki deneyimlerine gore

siniflandiriimasi
Gruplar Mesleki deneyim (yil)
2-5 yil aras1 deneyimi olan 6gretmenler 5
6-10 y1l deneyimi olan 6gretmenler 8
10 yildan fazla deneyimi olan 6gretmenler 3)

4. Veri toplama Araclari

Bu arastirma ile 6gretmenlerin genetik okuryazarlik diizeyleri, genetik okuryazarliga
yonelik tutumlar1 ve genetik okuryazarlik 6gretimine yonelik algilar1 belirlenmesi ve
genetik okuryazarliga etki eden faktorlerin incelenmesi (cinsiyet, mesleki deneyim,
mezun olunan boliim, genetik okuryazarhifa yonelik ilgi ve genetik okuryazarligin
Ogrenildigi bilgi kaynaklar1) hedeflenmektedir. Bunula birlikte, 6gretmenlerin genetik
okuryazarlik ile ilgili farkli konularda karar verme siireglerini etkileyen faktorler

incelenmesi amaclanmaktadir. Bu amagla asagidaki 6l¢me araglar1 kullanilmastir:

Kisisel Bilgi Formu

Genetik Okuryazarlik Olgme Envanteri

Genetik Okuryazarliga Yonelik Tutum Olgegi

Genetik Okuryazarlik Ogretimine Yonelik Alg1 Olgegi

o &~ w0 DN e

Genetik Okuryazarlik Konularina yonelik gelistirilen goriisme sorulari

Calismanin gergeklestirilmesi icin ODTU Etik Kurul izni alindiktan sonra Milli Egitim

Bakanlig1 ve Ankara Il Milli Egitim Miidiirliigii'nden gerekli izinler alinmustir.
4.1. Kigisel Bilgi Formu

Arastirmanin katilacak 6gretmen adaylarinin demografik 6zelliklerini belirlemek {izere
“Kisisel Bilgi Formu” hazirlanmistir. Bu form, 6gretmen adaylarinin cinsiyet, mesleki

deneyim, mezun olunan boliim, pedagojik formasyon alip almadiginin belirlenmesine
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yonelik maddeler; genetige olan ilgi ve bilgisini belirlemeye yonelik cesitli bilgiler ve

genetik okuryazarlik kaynaklari ile ilgili bilgiler igermektedir.
4.2. Genetik Okuryazarhk Olcme Envanteri

Bu 6lgek, lisans 6grencilerinin genetik okuryazarlik diizeylerini belirlemek tizere Bowling
ve arkadaglar1 (2008) tarafindan gelistirilmis olup, 31 madde ve 6 boyuttan olugsmaktadir.

Bu boyutlar; Tablo 3’de sunulmustur:
Tablo 3:

Genetik Okuryazarlik Olgme Envanteri’nin boyutlart ve boyutlarda bulunan madde

sayilari

Boyutlar Madde Sayisi
Genetik Maddenin Yapisi 8

Transmisyon

Gen ekspresyonu

4
6
Gen regiilasyonu 4
Evrim 3

6

Genetik ve Toplum

Genetik Okuryazarlik Olgme Envanterini Tiirkgeye uyarlama ve adaptasyon calismast,
Cebesoy ve Tekkaya (2011a) tarafindan baslatilmistir. Tiirk kiiltlirline uygun olmayan
maddeler ¢ikarilarak Tiirkiye’de 2006 yilinda yiiriirliige giren Insan Haklari ve Biyotip
Sozlesmesine yonelik 2 madde eklenmistir. Boylelikle olusturulan “Genetik ve Toplum”
boyutunda 8 madde bulunmaktadir. Bunun yani sira Rutledge ve Warden (2000)
tarafindan gelistirilen ve Deniz, Donnelly ve Yilmaz (2008) tarafindan Tiirk¢eye
uyarlanan Evrim Kavram Testi’'nden 4 madde “Evrim” boyutuna eklenmistir. Boylelikle
elde edilen Genetik Okuryazarlik Olgme Envanteri’nde 36 madde bulunmaktadir.
Tiirkgeye uyarlama ve adaptasyon calismasi yapilan Genetik Okuryazarlik Olgme
Envanterinin gecerlik - giivenilirlik ¢aligmalar1 95 fen bilimleri 6gretmeni ile

gerceklestirilmistir. Yapilan ITEMAN analizi sonucunda madde ayirt edicilik indeksi
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diisiik olan 5 maddenin D1=0.10, D3=0.11, D4=0.04, D21=0.11 and D34=0.13) dl¢ekten
¢ikarilmasina karar verilmistir. 31 maddelik 6lgegin ortalama ayirt edicilik indeksinin
0.33 oldugu ve iyi sorulardan olustugu goriilmiistiir. Ayrica, bu 6lgegin ortalama giicliik
indeksinin ise 0.55 oldugu ve ortalama giigliikte bir test oldugu sonucuna ulagilmistir. 31
maddelik 6l¢egin Cronbach alpha icgiivenilirlik katsayisi 0.70 olarak bulunmustur. 31
maddelik 6l¢ek, daha sonra, 435 fen bilimleri 6gretmenine uygulanmis olup, edilen
veriler, dogrulayici faktor analizi yontemiyle incelenmistir. Yapilan analizler sonucunda,
Evrim altboyutunda yer alan 30 ve 31. maddelerin standart madde yiiklerinin ¢ok diisiik
oldugu goriilmiistir (30. madde i¢in 0.00 ve 31.madde i¢in 0.09). Bu maddelerin analizden
¢ikarilmasinin model-veri uyumunu arttirtlacagi umulmustur. 29 maddelik 6l¢ekle yapilan
dogrulayict faktdor analizi sonucunda, Ki-kare uyum indeksi degerinin anlaml
bulunmustur (p<.05). Ancak birden fazla parametre s6z konusu oldugu i¢in Ki-kare
degerinin serbestlik derecesine olan bagimliligini diizeltmek amaciyla Kline (1998)’in
onerdigi diizeltme kullanilmigtir. Buna gore Ki-kare degerinin serbestlik derecesine
boliindiigiinde, elde edilen sonug (y%/df) model-veri uyumuna isaret etmektedir. Bu
degerin 3’ten kiigiik olmast milkemmel model-veri uyumuna isaret etmektedir. 2
maddenin ¢ikarilmasiyla elde edilen 29 maddelik &lgegin, y*df degeri 1,38 olarak
bulunmustur. Model-veri uyumuna iligkin degerlerin tamami dikkate alindiginda
(RMSEA= .03, CFI= .98, SRMR= .80, and GFI= .95), kurulan modelin veriyle iyi uyum

gosterdigi, bu nedenle 6lgegin yapisal gegerlige sahip oldugu sonucuna ulasilmistir.

29 maddelik Genetik Okuryazarlik Olgme Envanteri’ne iliskin dogrulayici faktdr analizi

diyagrami sekil 2°de sunulmustur:
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Sekil 2: 29 maddelik Genetik Okuryazarlik Olgme Envanterine ait Model-Veri Uyum

Diyagrami
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4.3. Genetik Okuryazarhk Konularina Yénelik Tutum Olcegi

Genetik Okuryazarliga Yonelik Tutum Olgegi “British Social Attitude Survey” (2000) ve
“Wellcome Trust Consultive Panel on Gene Therapy” (1999) o6l¢eklerinden alinan

maddeler ile olusturulmustur. Genetik uygulamalarina yonelik bu maddelerin dagilimi su
sekildedir:

Tablo 4:

Genetik Okuryazarhiga Yonelik Tutum Olcegi ve alindigi orijinal dlceSe gore madde

sayilari

Genetik Okuryazarlik Konularina Alindig1 orijinal 6l¢ek Madde  Likert

Yonelik Tutum Olgegi Altboyutlar: Sayist Tipi
British Social Attitude 19 5’1

Genel tutum maddeleri Survey
Wellcome Trust
Consultive Panel on Gene
Therapy

Genetik Bilginin kullanilmasi British Social Attitude 4 5’1
Survey

Kiirtaj British Social Attitude 4 3’lu
Survey

Pre-Implementasyon Genetik Tan1  British Social Attitude 4 3’lu
Survey

Gen Terapisi British Social Attitude 10 4’li
Survey

Gen Terapisi Uygulamalari Wellcome Trust 9 5’1
Consultive Panel on Gene
Therapy

Genetik Okuryazarliga Yénelik Tutum Olgegi toplam 50 madde igermektedir ¢oklu Likert
tipinde farkli altboyutlardan olusmaktadir. “Genel tutum” ve “genetik bilginin
kullanilmas1” altboyutlar1 5°li Likert tipinde olup 1 ‘kesinlikle katilmiyorum’ ve 5
‘kesinlikle katiliyorum’ seklinde kodlanirken; “Kiirtaj” ve “Pre-implementasyon Genetik
Tan1” altboyutlar1 3’lii Likert tipi maddelerden olugmakta olup, 1 ‘her zaman dogrudur’
ve 3 ‘hi¢bir zaman dogru degildir’ seklinde kodlanmistir. “Gen terapisi” altboyutu 4’lii
Likert tipinde olup, 1 ‘kesinlikle izin verilmeli’ ve 4 ‘kesinlikle izin verilmemeli’ seklide

kodlanmistir. Bununla birlikte “Gen Terapisi Uygulamalar1” altboyutu ise 5°1i Likert tipi
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maddelerden olugsmaktadir ve “‘kesinlikle izin verilmeli’ ve 4 ‘kesinlikle izin verilmemeli’
seklinde kodlanmistir. Buna ek olarak 5 ‘karar verebilmem icin daha fazla bilgi gereklidir’

seklinde kodlanmustir.

Yapilan pilot ¢alisma sonucunda elde edilen verilerin analizi, 6l¢egin altboyutlarinin

iggiivenilirlik katsayilarinin .77- .95 arasinda oldugu gostermektedir (Bak. Tablo 5).
Tablo 5:

Genetik Okuryazarhiga Yonelik Tutum Olgegi 'ne iliskin i¢ giivenilirlik katsayilar

Genetik Okuryazarlik Konularina Y6nelik I¢ giivenilirlik katsayilar (o)
Tutum Olgegi Altboyutlar:

Genel tutum maddeleri 0.77
Genetik Bilginin kullanilmasi 0.75
Kiirtaj 0.84
Pre-implementasyon Genetik Tani 0.86
Gen Terapisi 0.89
Gen Terapisi Uygulamalari 0.90

Daha sonra, 435 fen bilimleri 6gretmeni ile gergeklestirilen asil uygulama sonucunda elde
edilen veriler, dogrulayict faktér analizi yardimiyla incelenmistir. Her bir boyut farkli
Likert tipt maddelerden olustugu i¢in her bir boyut i¢in ayr1 dogrulayici faktor analizi
gergeklestirilmis olup, model-veri uyumuna iliskin degerler incelenmistir. Model-veri
uyumuna iligskin degerlerin tamamu dikkate alindiginda, her bir boyut i¢in kurulan modelin
veriyle kabule edilebilir bir uyum gosterdigi, bu nedenle 6lgegin yapisal gecerlige sahip

oldugu bulgusuna ulasilmistir.

4.4. Genetik Okuryazarhk Ogretimine Yonelik Algi Olgegi

Fen bilimleri 6gretmenlerinin genetik okuryazarlik 6gretimine yonelik algilarini 6lgmek
amaciyla Genetik Okuryazarlik Ogretimine Y&nelik Alg1 Olgegi kullanilacaktir. Bu 6lcek,
daha 6nce Lee, Abd-El Khalick ve Choi (2006), Pedretti, Bencze, Hewitt, Romkey ve
Jivraj (2008) ve Riggs ve Enochs (1990) tarafindan gelistirilen 6l¢eklerden yararlanilarak
gelistirilmis olup, 5°1i Likert tipte 20 maddeden olusmaktadir. Yapilan A¢imlayici faktor
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analizi sonucunda 3 maddenin 6l¢ekten ¢ikarilmasina karar verilmistir ve 17 madde 3 alt

boyutta toplanmistir. A¢imlayici faktor analizi sonuglari, Tablo 6°da sunulmustur:
Tablo 6:

Genetik Okuryazarlik Ogretimine Yonelik Algi Olcegi Altboyutlarimn A¢imlayict Faktor

Analizi Sonucglar

Genetik Okuryazarlik Ogretimine Y 6nelik Madde Faktor 1  Faktor  Faktor

Alg1 Olgegi Altboyutlar no 2 3

1 831

4 .840

6 813
Ogretmenlerin genetik okuryazarlik 9 466
konularina fen miifredatinda yer verilmesinin 11 .694
gerekliligine yonelik algilar 17 .657

18 .508

20 .615

7 750
Ogretmenlerin genetik okuryazarlik 8 .708
konularina fen miifredatinda yer verilmesini 10 627
engelleyen faktorlere yonelik algilari 14 534

15 784

3 417
Ogretmenlerin genetik okuryazarlik 12 486
ogretimine yonelik 6zyeterlik algilar 13 .663

16 592
Eigen Degerleri 6.53 2.18 1.70
Aciklanan varyans 32.64 10.90 8.43

Daha sonra, 6lgegin altboyutlarinin i¢ giivenilirlik katsayilar1 (Cronbach a) hesaplanmistir

ve Tablo 7’de sunulmustur:
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Tablo 7:

Genetik Okuryazarlik Ogretimine Yonelik Algi Olcesi Altboyutlarimn I¢ giivenilirlik

katsayilart

Genetik Okuryazarlik Ogretimine Yonelik Algi  Madde I¢ giivenilirlik
Olgegi Altboyutlari sayilari katsayilar1 (o)

Ogretmenlerin genetik okuryazarlik konularma fen 8 0.85
miifredatinda yer verilmesinin gerekliligine yonelik

algilart

Ogretmenlerin genetik okuryazarlik konularma fen 5 0.78
miifredatinda yer verilmesini engelleyen faktorlere

yonelik algilar

Ogretmenlerin genetik okuryazarlik dgretimine 4 0.77

yonelik 6zyeterlik algilari

Yapilan pilot calisma sonucunda elde edilen verilerin analizi, 6l¢egin altboyutlarinin
i¢giivenilirlik katsayilarinin .77- .85 arasinda oldugu gostermektedir. Asil ¢calismada elde
edilen veriler, dogrulayici faktor analizi yontemiyle incelenmistir. Ki-kare uyum indeksi
degerinin anlamli bulunmustur (p<.05). Ancak birden fazla parametre s6z konusu oldugu
icin Ki-kare degerinin serbestlik derecesine olan bagimliligini diizeltmek amaciyla Kline
(1998)’in oOnerdigi diizeltme kullanilmigtir. Buna gore Ki-kare degerinin serbestlik
derecesine boliindiigiinde, elde edilen sonu¢ (y*/df) model-veri uyumuna isaret
etmektedir. Bu degerin 3’ten kii¢ciik olmasi miikemmel model-veri uyumuna isaret
etmektedir. Arastirmada y%/df degeri 3.65 olarak bulunmustur. Model-veri uyumuna
iliskin degerlerin tamami dikkate alindiginda indices (RMSEA=.078, CFI= .90, SRMR=
.64, and GFI1=.90), kurulan modelin veriyle kabul edilebilir uyum gésterdigi, bu nedenle

Olcegin yapisal gecerlige sahip oldugu sonucuna ulasilmistir.
4.5. Genetik Okuryazarhk Konular ile ilgili goriisme sorular:

Arastirmada, fen bilimleri 6gretmenlerinin genetik okuryazarlikla ilgili ¢esitli konularda

karar verme siireclerini ve bu siireglere etki eden faktorleri belirlemek iizere yari-
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yapilandirilmis miilakatlar geceklestirilmistir. Bu amagla, goniilliik esasina dayanarak
calisgamaya katilan fen bilimleri 6gretmenleri belirlenmis olup, daha dnceden hazirlanan
ve pilot uygulamasi yapilan 4 farkli 6rnek olay kullanilmistir. Ornek olaylarin
hazirlanmasinda, Bell ve Lederman (1999), Sadler ve Zeidler (2004) ve Zohar ve
Nemet’in  (2002) gelistirdikleri 6rnek olaylardan yararlanilmistir. Ogretmenlerin

secilmesinde mesleki deneyim 6l¢iitii ve goniilliiliik kriteri géz 6niinde bulundurulmustur.

5. Bulgular

5.1.0gretmenlerin Demografik verilerine Iliskin Bulgular

Bu boéliimde, arastirmaya katilan 6gretmenlerin genetik konularina yonelik ilgi ve
bilgilerine ait bulgular ve genetik okuryazarlik kaynaklar1 hakkinda hangi kaynaklardan
bilgi edindiklerine yonelik bulgular sunulmustur. Ogretmenlerin genetik konularinda ne
kadar bilgili olduklaria yonelik verdikleri cevaplar incelendiginde, 6gretmenlerin biiyiik
bir kism1 (%75) kendilerinin genetik konusunda “yeteri kadar” bilgili olduklarini ifade
ederken, %23’ii ise kendilerinin “biraz” bilgili olduklarmi belirtmistir. Ogretmenlerin
sadece %1.5’1 kendilerini “gok bilgili” olarak nitelendirirken %0.6’s1 ise kendilerini

“bilgim yok” seklinde ifade etmislerdir (Bak. Sekil 3).

80 74,8

30 231

10 0,6 15

genetik konularma yonelik bilgi algisi

bilgim yok az bilgiliyim yeteri kadar bilgiliyim ¢ok bilgiliyim

Sekil 3. Fen bilimleri 6gretmenlerinin genetik konularina yonelik ilgilerini gdsteren
frekans degerleri
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Ogretmenlere genetik okuryazarlik konulari ile ne kadar ilgili olduklar1 soruldugunda,
katilimcilarin yaris1 (50%) “biraz ilgili” olduklarini belirtirken %14°i ise “cok ilgili”
olduklarin1 ifade etmislerdir. Bununla birlikte, 6gretmenlerin %7.8’1 “¢ok az ilgili”
olduklar1 ifade ederken sadece %1.2’si kendilerini genetik konularina “ilgisiz” olarak

tanimlamiglardir (bk. Sekil 4).

50

41

7,8
1,2

Genetik konularina yoénelik ilgi algist

ilgisiz ¢ok az ilgili biraz ilgili cok ilgili

Sekil 4. Fen bilimleri 6gretmenlerinin genetik konularma yonelik bilgi diizeylerini
gosteren frekans degerleri

Ogretmenlerin genetik okuryazarlik konularmna ait bilgi kaynaklar1 incelendiginde,
Ogretmenlerin bu bilgileri, sirasiyla internetten (%92.2), bilimsel dergilerden (%90.7),
televizyondan (%87.3) ve niversite derslerinden (%82.4), gazete-dergilerden (%78.2)
elde ettigi ve arkadaslarindan (%26) 6grendigi goriilmiistiir (Bak. Sekil 5).
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Bilgi Kaynaklari

Yiizde (%)

Sekil 5: Fen Bilimleri Ogretmenlerinin Bilgi Kaynaklari

5.2. Fen Bilimleri Ogretmenlerinin Genetik Okuryazarhk Diizeyleri

Calismaya katilan 6gretmenlerin 29 maddelik 6lgekte yer alan sorularin yaklasik yarisina
dogru cevap verdikleri (M=14.54, SS=4.06) goriilmiistiir. Buna dayanilarak, ¢alismaya
katilan 6gretmenlerin genetik okuryazarlik diizeylerinin orta seviyede oldugu sonucuna

ulasiimistir.

5.3.Fen Bilimleri Ogretmenlerinin Cesitli Genetik Okuryazarhk Konularindaki

Tutumlar:

Fen bilimleri gretmenlerinin Genetik Okuryazarlik Konularma Y&nelik Tutum Olgeginin
altboyutlara verilen cevaplar incelendiginde, 6gretmenlerin genel tutum altboyutunda
yer alan maddeler hakkinda genellikle kararsiz kaldiklar1 goriilmiistir (M=3.28, SS=0.40).
Ornegin; bu boyutta yer alan maddelere katilimcilarin verdikleri cevaplar incelendiginde,
katilimcilarin  yariya yakinin bireyin genlerinin degistirilmesi konusunda kararsiz
olduklar1 (%40) olduklar1 goriilmiistiir. Yine katilimcilar, yapilan genetik arastirmalarin
insanli@a yarar mi zarar mi getirecegi konusunda ve genlere yapilan miidahaleler

konusunda kararsiz kalmislardir (sirastyla %30 ve %28.5). Benzer sekilde katilimcilar,
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hastaliklarin tedavisinde gen terapisi kullanilmasi konusunda (%25.5) ve gen terapisi

uygulamalarinin riskleri konusunda kararsiz kaldiklar1 goriilmiistiir (%23.4).

Ogretmenlerin ~ genetik  bilginin  kullanilmas1  altboyutuna  verdikleri  cevaplar
incelendiginde, 6gretmenlerin genetik bilginin sigorta sirketleri veya isverenler tarafindan
kullanilmast konusunda olumsuz bir tutuma sahip olduklar1 goriilmistir (M=2.42,
SS=0.81). Ornegin; bu boyutta yer alan maddelere katilimcilarm verdikleri cevaplar
incelendiginde, katilimcilarin biiylik ¢ogunlugunun sigorta sirketlerinin genetik testleri
hayat sigorta poligelerini kabul veya reddetme amaciyla kullanmasina (%69.1),
igverenlerin genetik test sonuglarini gérmelerine (%75.6) ve isverenlerin ¢alisanlarindan
genetik test yaptirmalarini istemelerine karst c¢ikmistir (%68.2). Bununla birlikte,
katilimcilarin ~ biiyiikk  ¢ogunlugu (%68), isverenlerin c¢alisanlarindan igyerinde
kullanilabilecek kimyasallara karsi hassasiyetin belirlenmesine yonelik genetik test

yaptirmasi fikrine ise olumlu yaklasmislardir.

Ogretmenlerin kiirtaj altboyutuna verdikleri cevaplar incelendiginde, katilimcilar kiirtaj
konusuna “bazi durumlarda” izin verilmesi gerektigini belirtmislerdir (M=1.95, SS=0.67).
Ornegin, katilimcilarin énemli bir gogunlugu; cocugun ciddi bir zihinsel engelle dogmasi
durumunda (%79.2), ve bagimsiz bir hayat siirdiiremeyecek fiziksel bir engelle dogmasi
durumunda (75.3%) kiirtaja izin verilmesi gerektigini belirtmistir. Bununla birlikte,
katilimeilarin  yarisindan fazlasi ise cocugun saglikli ancak ciice olarak dogmasi

durumunda kiirtaja izin verilmemesi yoniinde goriis belirtmislerdir (%51.9).

Benzer sekilde katilimcilar, Pre-implemantasyon Genetik Tanmi ydnteminin “bazi
durumlarda” kullanilmasina izin verilmesi gerektigini ifade etmislerdir (M=1.67,
85=0.69). Ornegin katilimcilarin énemli bir kismi, ¢ocugun ciddi bir zihinsel engelle
dogmasi durumunda (%84.2) ve ciddi bir fiziksel engelle dogmasi durumunda (%82.9)

Pre-implemantasyon Genetik Tan1 yonteminin kullanilmasi gerektigini belirtmistir.

Ogretmenlerin Genetik Okuryazarlik Konularina Yonelik Tutum Olgegi’ne ait diger bir
altboyut olan gen terapisine verilen cevaplar incelendiginde, katilimcilarin gen terapisi
uygulamalarina muhtemelen izin verilmesi gerektigi konusunda fikir belirtmislerdir

(M=2.25, S$=0.67). Ogretmenlerin bu boyutta yer alan her bir maddeye verdikleri
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cevaplar incelendiginde, katilimcilarinin biiyiik ¢ogunlugu, gene terapisine bireyin kalp
hastas1 olmasi durumunda (%86.2), meme kanseri olmasi1 durumunda (%87.3), ve bireyin
sizofren olmasini engellemek amaciyla (%87.8) izin verilmesi gerektigini belirtmistir.
Bununla birlikte, katilimcilar, cinsiyetin belirlenmesi (%71), bireyin boyunun uzun veya
kisa olarak belirlenmesi (%54.3), bireyin kellik durumunun giderilmesi (%50.7) ve bireyi
daha zeki yapmak amaciyla kullanilmasi (%48.5) durumlarinda gen terapisi uygulamasina

izin verilmemesi gerektigi yoniinde fikir belirtmistir.

Tutum Olgeginin son alt boyutu olan “gen terapisi uygulamalar1” altboyutunda
katilimcilara degistirilen genlerin gelecek nesillere aktarilip aktarilmamasi konusundaki
goriigleri sorulmustur. Bu altboyuta katilimeilarin verdikleri cevaplar incelendiginde,
katilimcilar gen terapisi uygulamalarina “muhtemelen izin verilmesi” gerektigi
belirtmistir (M=1.89, SS=0.80). Bu boyutta yer alan maddeler incelendiginde
katilimcilarin gen terapisi kullanilacak “duruma” degistirilen genler bir sonraki nesile
aktarilip aktarilmamasindan daha fazla &nem verdikleri goriilmiistiir. Ornegin;
katilimcilarin biiyilk ¢cogunlugu gen terapisi uygulamalarinin bireylerin kalp hastasi
olmalart (%385.9) ve Kistik Fibrozis hastasi olmalar1 (%80.9) durumlarinda gen terapisi
uygulamalarinin kullanilmasina izin verilmesi gerektigi yoniinde fikir belirtmislerdir.
Bununla birlikte bu uygulamalarin kellik durumunda kullanilmasi konusunda bireylerin

daha az bir kismi olumlu goriis belirtmistir (%56).

5.4. Fen Bilimleri Ogretmenlerinin Genetik Okuryazarhk Ogretimine Yonelik

Algilan

Bir sonraki asamada, Genetik Okuryazarlik Ogretimine Yonelik Algr Olgegi
altboyutlarma verdikleri cevaplar incelenmistir. Ogretmenlerin “genetik okuryazarlik
konularina fen miifredatinda yer verilmesinin gerekliligine yonelik algilari”nin olumlu
oldugu ve 6gretmenlerin bu konularin fen bilimleri derslerinde yer verilmesi gerektigini
diisiindiikleri goriilmiistiir (M=3.85, $S5=0.42). Ornegin; bu boyutta yer alan maddelere
katilimcilarin verdikleri cevaplar incelendiginde, katilimecilarin biiyiikk ¢ogunlugunun
genetik okuryazarlik konusunu anlamalarina yardimci olmak amaciyla gelistirilen

programlara katilmak istedikleri (%86.9), genetik okuryazarlik konusunun 6grencilerin
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bilime kars1 ilgisini arttirdigina inandiklar1 (%85.2) ve derslerinde genetik okuryazarlik

konusu ile ilgili materyal kullanmak istedikleri (%87.9) belirtmislerdir.

Alg1 dlgeginin diger bir altboyutu olan “Ogretmenlerin genetik okuryazarlik konularma
fen miifredatinda yer verilmesini engelleyen faktorlere yonelik algilari”na verilen
cevaplar incelendiginde, 6gretmenlerin genel olarak kararsiz bir tutum i¢inde olduklari
bulgusuna ulasilmistir (M=3.15, SS=0.69). Bu boyutta yer alan maddelere 6gretmenlerin
verdikleri cevaplar incelendiginde, ogretmenler, genetik okuryazarlik konularinin
ogrencilerin kendi deger yargilar1 konusunda kafalarin1 karistirabilecegi diisiinmektedir
(%35.3). Bununla birlikte katilimcilarin 6nemli bir kismi bu konuda kararsiz kalmigtir
(%25.9). Ogretmenlerin yarisindan fazlasi, grencilerin genetik okuryazarlik konusunu
anlamak i¢in yeterince hazir olduklarina inanmamakla birlikte (%55.5), katilimcilarin
biliyiik cogunlugu, genetik okuryazarlik konusunun Ogrencilerin ilgisini ¢ekecegini
diistinmektedir (%72.2). Benzer sekilde, Ogretmenlerin neredeyse yarisi, genetik
okuryazarlik konuslarinin sadece basarili 6grencilerin ilgisini ¢ekecegine inanmamaktadir
(%48.9). Ayni sekilde, katilimcilarin neredeyse yakini, bu konularin 6grencilerde kendi

deger yargilar1 konusunda kafa karisiklig1 yaratabilecegini vurgulamaktadir.

Ogretmenlerin Genetik Okuryazarlik Ogretimine Yonelik Algr Olgegi’nin bir diger
altboyutu olan “Ogretmenlerin genetik okuryazarhik &gretimine ydnelik ozyeterlik
algilar1” incelendiginde, 6gretmenlerin genetik okuryazarlik konusunu 6gretmeye yonelik
ozyeterlilikleri konusunda kararsiz kaldiklar1 gorilmistiir (M=3.55, S5=0.62). Bu boyutta
yer alan maddeler ayrintili olarak incelendiginde ise katilimcilarin biiylik bir kisminin
genetik okuryazarlik konusunu yeterince anladiklarina inandiklar1 (%73.4) bulgusuna
ulagilmistir.  Yine katilimcilardan yarist genetik okuryazarlik konusunu etkili
ogretebilecek kadar anladigini ifade ederken (%52.8), %33.3’1 ise bu konuda kararsiz
kalmiglardir. Katilimcilarin %43.9’u genetik okuryazarlik konusuyla ilgili egitim ve
Ogretim materyalleri gelistirme konusunda kendisine giivenirken, %42.4’1 ise bu konuda
kararsiz kalmistir. Son olarak, dgretmenlerin 6nemli bir kismi (%62.3) ne kadar caba
harcasalar da genetik okuryazarlik konularini diger fen bilimleri konular1 kadar iyi
ogretemeyeceklerine inanirken, yaklasik %20’si ise bu konuda kararsiz olduklarini

belirtmiglerdir.
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5.5.Kanonik Korelasyon Sonuclari

Aragtirmada kullanilan c¢esitli degiskenlerin birbirleri ile olan iliskileri Kanonik
Korelasyon Analizi kullanilarak incelenmistir. Arastirmaya katilan fen bilimleri
ogretmenlerin demografik verileri (cinsiyet, mesleki deneyim, genetik okuryazarlik
konularmna ilgi ve genetik okuryazarlik konularindaki bilgi diizeyleri) arastirmanin
bagimsiz degiskenlerini olusturmustur (SET 1). Fen bilimleri 6gretmenlerinin genetik
okuryazarlik diizeyleri, ¢esitli genetik okuryazarlik konularma tutumlar1 (genel bilgi,
genetik bilginin kullanimu, kiirtaj, Pre-implementasyon Genetik Tani, gen terapisi ve gen
terapi uygulamalar1) ile genetik okuryazarlik konularini 6gretimine yonelik algilari
(genetik okuryazarlik konularin 6gretilmesinin 6nemi, genetik okuryazarlik konularinin
ogretilmesini engelleyen faktorler ve genetik okuryazarlik 6gretimine yonelik 6zyeterlilik

algilar) ise aragtirmanin bagimli degiskenlerini olusturmaktadir (SET 2).

Kanonik korelasyon analizi yapilmadan 6nce, Kanonik Korelasyon analizi yapilabilmesi
icin gerekli olan varsayimlar (normal dagilima uygunluk, dogrusallik, Coklu ortak
dogrusallik (multicollinearity) ve aykiri degerler (outliers) incelenmistir (Tabachnick &
Fidell, 2013). Arastirmanin degiskenlerinin normal dagilima uygunlugu incelirken,
degiskenlerin Basiklik (Kurtosis) ve Carpiklik (Skewness) degerleri incelenmistir ve bu
degerlerin “+2” ile “-2” araliginda oldugu dolayisiyla normal dagilim gosterdigi
gorilmistlir. Arastirmadaki verilerin dogrusalligini incelemek amaciyla “scatter plot”
ciktilar1 incelenis ve verilerin dogrusal oldugu goriilmiistiir. Coklu ortak dogrusallik
(multicollinearity) varsayiminin saglanip saglanmadigini belirlemek amaciyla degiskenler
arasindaki iliskiler Pearson korelasyon analizi yontemi ile incelenmistir ve degiskenler
arasindaki iliskiler, simir deger olan .8’den kiiciik oldugu dolayisiyla coklu ortak
dogrusallik varsaymiminin ihlal edilmedigi goriilmiistiir. Son olarak aykiri degerlerin
incelenmesi amaciyla Mahalanobis degerleri incelenmis ve elde edilen degerler
Tabachnik ve Fidel (2007)’nin belirttigi sinir degerlerle karsilastirilmistir. Mahalanobis
stnir degerleri arastirmada kullanilan bagimli degisken sayisina gore belirlenir.

Arastirmada 10 adet bagimli degisken bulunmaktadir. Tabachnik ve Fidel (2007)’e gore
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10 bagimli degisken icin smir y? degeri 29.59’dur. Arastirmada elde edilen degerin bu

degerden kii¢iik oldugu dolayistyla aykir: degerlerin olmadigi goriilmiistiir.

Onerilen modelin istatistiksel olarak anlamli oldugu gériilmektedir Wilk’s Lambda (A)=
.62, F(40, 1590.65)=5.43, p<.001. Wilk’s A degeri, modelin agiklamadig1 varyansi ifade
etmektedir. Dolayisiyla 1-A degeri modelin etki derecesini (effect size) belirtmektedir
(Sherry & Henson, 2005). Bu ¢alismada 6nerilen modelin iki set arasindaki iliskilerin
%38’1ni agikladig1 bulgusuna ulasilmistir.

Kanonik korelasyon katsayilari, varyansi agiklama oranlari (kanonik korelasyonun

karesi= 6zdeger), Ki-kare (x?) ve Wilk’s Lambda () degerleri Tablo 8’de sunulmustur:

Tablo 8:

Kanonik Korelasyon Anlamhilik (Ki-Kare Testi) Sonuglar

Kanonik Kanonik  Kanonik  Ki-kare Serbestlik Wilk’s

Kok R R? ) Derecesi (SD) Lambda (A)

1 .50 25 5.43 40 B67**

2 .32 10 3.29 27 .86**

3 25 .07 2.56 16 91**

4 17 .03 1.77 7 97
p<.001

Tablo 8’¢ gore 4 farkli degisken ¢ifti ve kanonik korelasyon katsayisi elde edilmistir.
Kanonik korelasyon katsayilariin anlamlilik testlerinden Wilk’s Lambda degerlerini
kullanarak Ki-kare (y%) degerlerine bakildiginda; her dért kanonik korelasyon katsayimin
da istatistiksel olarak anlamli oldugu sonucuna ulasilmistir (p< .001). Ancak Kanonik
R?ler incelendiginde sadece 1. ve 2. Degisken ciftinin varyansmn &nemli bir kismin
acikladig (sirastyla %25 ve %10), 3. ve 4. degisken ciftinin ise ¢ok daha diisiik yiizdelere
sahip oldugu (sirasiyla %7 ve %3) goriilmiistiir. Dolayisiyla bu ¢alismada, sadece ilk iki

degisken ciftinin analiz sonuclar1 sunulmustur.
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Fen bilimleri 6gretmenlerin demografik Ozellikleri olan cinsiyet, mesleki deneyim,
genetik okuryazarlik konularina olan ilgileri ve konulardaki bilgilerini yonelik maddeler
(SET 1) ve genetik okuryazarlik diizeyleri (GLAI), Genetik okuryazarlik konularina
yonelik tutumlari (genel tutum, genetik bilginin kullanilmasi, kiirtaj, Pre-implementasyon
Genetik Tani, gen terapisi ve gene terapisi uygulamalari) ile genetik okuryazarlik
ogretimine iliskin algilarint (genetik okuryazarlik ogretiminin gerekliligi, genetik
okuryazarlik 6gretimini etkileyen faktorler ve genetik okuryazarlik 6gretime yonelik
ozyeterlilik algilar1) (SET 2) arasindaki iliskileri gosteren Korelasyon, Korelasyon
Katsayisi, Kanonik Korelasyon,Varyans ve Gereksizlik (redundancy) degerleri Tablo
13’te sunulmustur. Tabachnik ve Fidell (2007)’nin belirledigi .3 olan korelasyon kritik
degeri dikkate alinarak Tablo 13 incelendiginde, Birinci Kanonik Korelasyon ciftinde
cinsiyet (.30), ilgi (.63) ve bilgi (.83) degiskenlerinin 6gretmenlerin genetik okuryazarlik
diizeyleri, genetik okuryazarlik konularina yonelik genel tutumlari ile genetik
okuryazarlik 6gretiminin 6nemine iligkin algilari, genetik okuryazarlik 6gretimine yonelik
Ozyeterlilik algilar1 ve genetik okuryazarligi etkileyen faktorlere yonelik algilari ile pozitif
olarak iligkili oldugu, buna karsin 6gretmenlerin gen terapisi ve gen terapi uygulamalarina
yonelik tutumlart ile negatif olarak iliskili icinde oldugu goriilmiistiir. Yani genetik
okuryazarlik konularina daha ilgili ve bu konularda kendilerinin daha bilgili olduklarini
diisiinen bayan fen bilimleri dgretmenlerinin genetik okuryazarlik diizeylerinin daha
yiiksek oldugu, genetik okuryazarlik konularina yonelik genel tutumlarinin daha olumlu
oldugu goriilmiistiir. Yine bu kisilerin genetik okuryazarlik 6gretiminin 6nemine iliskin
algilart ile genetik okuryazarlik 6gretimine yonelik 6zyeterlilik algilariin daha olumlu
oldugu ancak bu kisilerin genetik okuryazarlik 6gretiminin 6niinde daha fazla engel
bulunduguna yonelik algilar1 oldugu goriilmistiir. Buna karsin genetik okuryazarlik
konularina daha ilgili ve bu konularda kendini daha bilgili olduklarini diisiinen bayan fen
bilimleri 6gretmenlerinin gen terapisi ve gen terapisi uygulamalarina yonelik tutumlarinin
negatif oldugu yani gen terapisi ve gen terapisi uygulamalarina yonelik olumsuz bir tutum

i¢inde olduklar1 sonucuna ulasilmistir.

Ikinci kanonik korelasyon ¢ifti incelendiginde 1. Sette yer alan deneyim (-.93) ve bilgi
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(-.38) degiskenlerinin, fen bilimleri 6gretmenlerinin genetik okuryazarlik diizeyleri (.48),
fen bilimleri 6gretmenlerinin kiirtaja yonelik tutumlar1 (.64) ile gen terapisi (.50) ve gen
terapisi uygulamalarina (.36) yonelik tutumlar1 ile negatif olarak iligkili olduklar
gorilmistiir. Yani genetik okuryazarlik konularinda kendilerinin daha bilgili olduklarini
diistinen deneyimli fen bilimleri 6gretmenlerinin genetik okuryazarlik diizeyleri daha
diistiktiir. Ayn1 zamanda bu fen bilimleri 6gretmenleri; kiirtaj, gen terapisi ve gen terapisi

uygulamalarina kars1 olumsuz tutum igerisindedir (bk. Tablo 9).
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Tablo 9:

Fen bilimleri ogretmenlerin demografik ozellikleri (SET 1) ve genetik okuryazarlik
diizeyleri, Genetik okuryazarlik konularina yonelik tutumlar: ve genetik okuryazarlik
ogretimine iliskin algilarin (SET 2) arasindaki iliskileri gosteren Korelasyon, Korelasyon

Katsayisi, Kanonik Korelasyon, Varyans ve Gereksizlik (redundancy) degerleri

Birinci Kanonik degisken Ikinci Kanonik degisken
cifti cifti
Korelasyon  Korelasyon  Korelasyon Korelasyon
Katsayisi Katsayisi
SET 1
Cinsiyet .30 22 -17 -.22
Deneyim 19 37 -.93 -.93
flgi .63 42 -.07 .20
Bilgi .83 12 -.38 -.23
Varyans (%) .30 .26 Toplam=.56
Gereksizlik .07 .02 Toplam=.09
(Redundancy)
SET 2
GLAI A7 .33 48 .52
Genel tutum maddeleri .33 -.01 -25 .01
Genetik bilginin 24 24 -.04 A1
kullanimi
Kiirtaj 15 -01 .64 .62
Pre-implementasyon 27 .05 .16 -.10
Genetik Tani1
Gen terapisi -.40 .18 .50 .38
Gen terapisi -.33 -.09 .36 14
uygulamalari
Gereklilik .58 A7 .07 .35
Engelleyici faktorler .55 19 -.28 -.35
Ozyeterlilik .82 .64 -.06 -.02
Varyans (%) 21 A2 Toplam =.33
Gereksizlik .05 .01 Toplam =.06
(Redundancy)
Kanonik Korelasyon .50 .32
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5.6.Fen Bilimleri Ogretmenleriyle Gerceklestirilen Miilakatlardan elde edilen
Bulgular

Aragtirmada, fen bilimleri 6gretmenlerinin genetik okuryazarlikla ilgili ¢esitli konularda
karar verme siireglerini ve bu siireglere etki eden faktorleri belirlemek tizere 18 6gretmenle
yari-yapilandirilmis  miilakatlar  gegeklestirilmistir.  Gergeklestirilen — goriismeler,
O0gretmenlerin izni dogrultusunda ses kaydina alinmistir. Daha sonra elde edilen veriler,
transkripte edilerek yazili dokiiman haline dontistiirilmiistiir. Elde edilen 200 sayfalik
metin, nitel arastirma yontemleri ile incelenmistir. Bu metinde, verileri organize etmek
amaciyla kodlamalar yapilmis ve metinden yola ¢ikarak kodlar, cesitli temalar altinda
toplanmistir (Miles & Huberman, 1994). Kodlarin ve temalarin belirlenmesinde ilgili alan
yazindan yararlanilmistir (Bell, 1999; Bell & Lederman, 2003; Sadler, 2004; Sadler&
Zeidler, 2002; 2004; Topgu, 2008, Zohar& Nemet, 2002; van der Zande ve ark. 2009).

Elde edilen kodlar ve kodlarin tanimlar1 Tablo 10°da sunulmustur:
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Tablo 10:

Arastirmada elde edilen tema ve kodlarin tanimlart

Temalar

Kodlar

Kod Tanimlari

Kisisel Deneyimler

Kendi aile bireyleri veya
akrabalar1

Katilimcilar verilen senaryolar1 yorumlarken 6nceki deneyimlerinden
yararlanir.

Sosyo-kiiltiirel
faktorler

Tiirk kiiltiir ve aile yapisi

Katilimcilarin Tiirk sosyal ve kiiltiirel aile yapisi ile ilgili kaygilari

Duygusal faktorler

Empati ve sempati duyma

Katilimcilarin senaryolardan verilen karakterlere duyduklari empati veya
sempati gibi tepkileri

Dini faktorler

Din, dini inang, Tanr1

Katilimecilarin senaryolar1 yorumlarken kullandiklar1 dini kaliplar (kader,
inang vb).

Ekonomik faktorler ~ Finansal meseleler Uygulamalarm ulasilabilirligine yonelik algilar. Ornegin zengin
insanlarin gen terapilerine daha kolay ulagirken fakir insanlarin bu
yonteme maddi giiclerinin yetmeyecegine yonelik kaygilarina yonelik
ifadeler

Glivenilirlik (Credibility)
Teknolojik faktorler Yan etkiler (side effects) Katilimeilarin genetik teknolojilerin gelismesinde ve kullanilmasinda

Risk faktorleri (risk factors)

Kotiiye kullanim (malicious use)

teknolojinin rolii hakkindaki kaygilarina yonelik ifadeler

Moral faktorler

Insan hayatmin sonlandirilmasi
(taking human life)

Katilimeilarin embriyoyu bir canli olarak kabul etmelerinden dolay1
embriyolarin kullanilmasin bir canlinin feda edilmesi olarak algilarini
belirten ifadeler

Embriyonun arag olarak
kullanilmasi (means to an end)

Embriyolarin bir arag/kaynak olarak goriilmesini anlatan ifadeler

Dogal dengenin bozulmast
(distrupting natural order)

Genetik uygulamalarinin dogal dengeye bir miidahale olarak goriilmesini
anlatan ifadeler

Hasta insanlarin iyilestirilmesi
(health improvement)

Kullanilacak genetik teknolojilerinin bireylerin saglikli olmasi adina
getirecegi kolayliklar1 anlatan ifadeler

Sosyal tabakalarin olugmasi
(social stratification)

Toplumda, “genetigi degistirilenler” ve “genetigi degistirilmeyenler”
diye siniflarin olugsmasina yonelik ifadeler

Kaygan zemin (slippery slope)

Genetik teknolojilerinin iyi bir amaca hizmet ederken bir yandan da
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Tablo 10 (devam)

Moral faktorler

Toplumsal iyilesme (societal
betterment)

Genetik teknolojilerinin toplumda genel anlamda yaratacagi iyilesmeleri
anlatan ifadeler

(devam) Cesitlilik Katilimcilarin yapilacak genetik uygulamalarin bireysel veya tiim
insanlik i¢in gesitliligi azaltacagina dair inanglarini ifade eden climleler
Ailenin bilgilendirilmesi Herhangi bir genetik uygulama 6ncesinde ailelerin uygulamanin olasi
(informed consent of family) sonuglari hakkinda bilgilendirilmesine yonelik ifadeler
Hasta/fetiis haklar1 ve fetiisiin Embriyo/fetiisiin yasam hakki olduguna yonelik ifadeler veya hastalarin
Degerler yasam hakki (patients’/fetus’ kendi gelecekleri hakkinda s6z sahibi oldugunu agiklayan ifadeler

rights/rights to live)

Ailelerin haklari/sorumluluklari/
kararlar1 (parents’
rights/decisions/ respondibility)

Embriyonun yasamasi konusunda ailelerin s6z sahibi oldugunu ifade
eden veya bu duruma ailelerin karar vermesi gerektigini agiklayan
ifadeler

Sosyo-psikolojik

Cekilen acilar, ¢cocuk bakimi

Ailelerin hasta olan ¢ocuklarini yetistirirken karsilasacaklar1 problemleri

faktorler (ailenin/¢ocugun ac1 gekmesi, gocugun bakilmasi vb) anlatan ifadeler
Aileden gelen 6n Fikirlerin ailenin oldugu Katilimcilarin verdikleri kararlarin belirtilen durumun kendi baslarina
yargilar durumlarda degismesi veya aile liyelerinden birinin bagina gelmesi durumunda verdikleri
(Family bias) kararlarin degisebilecegine yonelik ifadeler

Politik faktorler Hiikiimet politikalar1 Genetik teknolojilerine kimlerin ulagabilecegi, bu teknolojileri kullanan

kisilere kimlerin izin verecegi ve bu genetik teknolojilerinin gelistirilmesi
ve kullanilmasinda hiikiimetlerin/iilkelerin rollerini agiklayan ifadeler

Yasal faktorler

Yasalar ve yasal diizenlemeler

Genetik uygulamalarini diizenleyen yasal uygulamalari agiklayan ifadeler

Daha fazla bilgi

Ek bilgiye ihtiya¢ duyulmasi

Katilimeilarin karar verebilmek icin daha fazla bilgiye ihtiyaclarinin
oldugunu ifade etmeleri

Popiiler kiiltiir Medyadaki bilgiler Katilimcilarin kararlarini etkileyen faktorleri agiklarken film/belgesel
(Pop culture) gibi medya araglarinin kullanmasi
Bilimsel Bilimsel gelismeler Katilimcilarin bilimin ve bilimsel arastirmalarin desteklenmese

desteklemesi

gerektigini belirten ifadeleri
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Diger faktorler

Fikirlerin zaman i¢inde degismesi

Katilimcilarin verdikleri kararlarin kesin olmadigini zaman igerisinde bu
kararlarin degisebilecegi seklindeki ifadeleri

Dogum kontrolii

Katilimcilarin riskli gebelikleri 6nlemek adina dogum kontrol yontemleri
kullanilmas1 gerektigine yonelik ifadeleri

Alternatif tedavi secenekleri

Katilimcilarin senaryolarda verilen tedavi yontemlerine alternatif tedavi
secenekleri (embriyoya zarar vermeyen)
bulunabilecegine/gelistirilebilecegine iliskin algilart

Ikilemler (2-edged sword)

Katilimcilarin sunulan senaryoyla ilgili karma verme siireclerinde
karsilastiklar: ikilemler/gili¢liikler

Belirsizlik

Katilimcilarin genetik uygulamalarinin veya yasamin kendisinin belirsiz
olduguna yonelik ifadeleri

Hastalik tiri

Katilimcilarin verdikleri kararlarin farkli hastalik tiirlerinde farklilik
gosterecegine yonelik ifadeleri




Daha sonra bu kodlarin giivenilirlik analizi yapilmistir. Bu amacla, fen egitiminde doktora
yapan ikinci bir alan uzmani gergeklestirilen goriismelerin %25’ini kodlamis daha sonra

giivenilirlik analizi yapilmistir. Bu amagla, asagidaki formiil kullanilmistir:
Giivenilirlik= miitabakat sayis1 / (toplam miikabakat sayisi + anlasmazlik sayisi)

Bu analiz sonucunda, kodlamanin giivenilirligi .93 olarak bulunmustur. Daha sonra
katilimcilarin karar verme siireglerini etkileyen faktdrlerin belirlenmesinde frekans analizi

yapilmustir. Her bir faktor ve frekans analizi Tablo 11°de sunulmustur:
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Tablo 11:

Fen bilimleri ogretmenlerinin karar vermelerini etkileyen faktorler ve sikliklart

Temalar Kodlar Sikhik  Yiizde
(%)
Kisisel Deneyimler Kendi aile bireyleri veya akrabalari 15 1.78
Sosyo-kiiltiirel Tirk kiiltiir ve aile yapist 14 1.66
faktorler
Duygusal faktorler Empati ve sempati duyma 44 5.22
Dini faktorler Din, dini inang, Tanr1 33 3.91
Ekonomik faktorler Finansal meseleler 21 2.49
Giivenilirlik 6 0.71
Teknolojik faktorler Yan etkiler 44 5.22
Risk faktorleri 9 1.07
Koétiiye kullanim 29 3.44
Insan hayatinin sonlandirilmasi 39 4.63
Embriyonun arag olarak kullanilmasi 17 2.02
Dogal dengenin bozulmasi 30 3.56
Hasta insanlarin iyilestirilmesi 123 14.59
Sosyal tabakalarin olugmasi 18 2.13
Kaygan zemin 40 4.74
Moral/etik faktSrler Toplumsal iyilesme 20 2.37
Cesitlilik 5 0.59
Ailenin bilgilendirilmesi 14 1.66
Degerler Hasta/fetiis haklar1 ve fetiisiin yasam 29 3.44
hakki
Ailelerin haklari/sorumluluklari/ 19 2.25
kararlari)
Sosyo-psikolojik Cekilen acilar, gocuk bakimi 70 8.30
faktorler
Aileden gelen 6n Fikirlerin ailenin oldugu durumlarda 15 1.78
yargilar degismesi
Politik faktorler Hiikiimet politikalari 4 0.47
Yasal faktorler Yasalar ve yasal diizenlemeler 24 2.85
Daha fazla bilgi Ek bilgiye ihtiya¢ duyulmasi 7 0.83
Popiiler kiiltiir Medyadaki bilgiler 12 1.42
Bilimin desteklenmesi  Bilimsel gelismeler 50 5.93
Fikirlerin zaman i¢inde degismesi 4 0.47
Dogum kontrolii 6 0.71
Diger faktorler Alternatif tedavi segenekleri 30 3.56
Ikilemler 30 3.56
Belirsizlik 10 1.19
Hastalik tiirii 12 1.42
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Tablo 11 incelendiginde, fen bilimleri 6gretmenlerinin en fazla kullandiklart faktoriin
“hasta insanlarin iyilestirilmesi” (%14.59) oldugu goriilmektedir. Aragtirmaya katilan fen
bilimleri 6gretmenlerinin tamami, senaryolarda sunulan genetik uygulamalarinin hasta
insanlarin iyilestirilmesi amaciyla kullanilmasinin 6neminden bahsetti. Bundan dolayi, bu
faktoriin, Ogretmenlerin kararlarini etkileyen onemli bir faktdr oldugu sonucuna
varilabilir. Katilimcilarin bu faktérde yer alan cevaplarindan Ornekler asagida

sunulmustur:

Bunun gergek oldugunu varsayarsak bu yontemi kabul edebilirim.
Bu, sonugta insanoglunun kesfettigi bir tedavi yoOntemi.
Uygulamamak i¢in bir neden yok. (GTHD; K2)

Parkinson hastaligi 6liimciil bir hastalik oldugu ve fetal doku
transferi disinda baska bir yontem de bulunmadigi i¢in, deneysel de
olsa bu uygulamaya izin verirdim. Burada bir hastaligin tedavisi s6z
konusu... (FT; K6)

Bu faktoriin yani sira, katilimcilarin kararlarini etkileyen diger 6dnemli bir faktoér de
“sosyo-psikolojik faktorler”’dir (%8.30). Bir dnceki boyutta oldugu gibi, 6gretmenlerin
tamami, karar verirken hasta cocuklarin ve hasta ¢ocuklarin ailelerin ¢ekecegi acilardan,
ailelerin bu g¢ocuklara bakarken karsilasacagi zorluklardan ve bakim problemlerinden
bahsetmislerdir. Katilimeilarin bu faktérde yer alan cevaplarindan ornekler asagida

sunulmustur:

Cok hayati bir karar bu. Ama birde ¢cocugun gelecegini diistinmek
lazim. Yani bu ¢cocuk hastalik 6liimciil ve 40 yasindan sonra hayatta
kalma ihtimali ve o zamana kadar zaten yasayamayabilir de... Ve
ailenin direk ozel ilgi ve alakasina muhta¢ olacak. Sonugta bu
onceden belirlenebilen bir seyse hamilelik sonlandirilmali bence...
(CF; K4)

Yani simdi burada ne kadar saglikli yagsadigi da 6nemli bence. Ne
kadar yasadig1 degil bence. Bir de soyle bir sey var. 50li yaslarda
Olecegini bilecek yani 6lme tarihini bilerek yasamak ¢ok zor yani.
Diyorsun ki ya sen su hastasisin. Ya da sen saklasan bile ilerde bir
yerden okuyacak. Yani sen 50 yasia kadar yasayacaksin. Bunun
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35 senesi saglikli tamam ama bu aradaki yasam da bence diizgiin
degil ki... Yani biliyorsun ki 50li yaslarda 6leceksin. Olecegin
zamani bilerek yasamak bence ¢ok olumsuz bir sey. (HD; K7)

Yine fen bilimleri 6gretmenleri karar verme stireglerinde, bilimsel bilginin 6zellikleri,
bilimin gelismesinden deneysel ¢alismalarin rolii veya bilimsel ¢aligsmalarin insanlik adina
onemi gibi konulardan bahsetmislerdir ve bu ifadeler “bilimin desteklenmesi”
kategorisine toplanmistir. Bu boyutun ogretmenlerin karar verme siireclerinde 6nemli

oldugu goriilmektedir (%5.93). Bu boyutta kodlanan bazi ifadeler, asagida sunulmustur:

Tabii ki her tiirlii bilimle ilgili her tiirlii calismaya kesinlikle izin
verilmesi lazim diye diisiiniiyorum. Hani ayiptir giinahtir dinimizde
sOyledir bdyledir bu tarz kelimelere yer olmamasi lazim. Bilimde
zaten boyle bir sey yok. Her tiirlii destek olunmasi taraftariyim.
(FTT; K1)

Yani bununla ilgili ¢alismalarin baglanmis olmasi, bununla ilgili
yontemlerin deneniyor olmasi en azindan hastaligin tedavisi
boyutunda bir 151k uyandirdi bende... (HD; K2)

Bununla birlikte fen bilimleri 6gretmenleri ayn1 zamanda siklikla genetik uygulamalarin
yan etkilerinden bahsetmistir (%5.22). Bu ifadeler “yan etki” kodu altinda toplanmustir.
Ogretmenler, genlere yapilan miidahalelerin cesitli sorunlara yol agabileceginden, bir geni
degistirmenin tiim gen yapisinit bozabilece§inden ya da genlere miidahalenin “domino
etkisi’ne sebep olarak insanin tiim genom yapisim1 degistirebilecegi seklinde cesitli
endiselere sahiptir. Katilimeilarin bu faktdrde yer alan cevaplarindan 6rnekler asagida

sunulmustur:

Yani bir hastalig1 tedavi ediyoruz derken bir yaratik da yaratabiliriz.
Yani bir hastaligi tedavi ederken baska bir seye de sebep olabiliriz.
(GTHI; K6)

Ogretmenlerin 6nemli bir kism1, karar verme siireclerinde hasta ve hastalarin ailelerine
yonelik empati veya sempati gibi duygulardan yararlanmislardir ve bu ifadeler “duygusal

faktorler” kategorisinde toplanmistir. Yine bu faktor, katilimcilarin kararlarini etkileyen
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Oonemli bir faktor olarak ortaya ¢ikmaktadir (%5.22). Katilimeilarin bu faktorde yer alan

cevaplarindan 6rnekler asagida sunulmustur:

Cok ilging bir konu olmus. Benim bagima gelse ne yapardim dedim
de o yiizden. Ben kiirtaj kesinlikle yaptirmayacagim igin... Ne
bileyim. Suan bakinca boyle bir kotii oldum sonlandirmasindan.
Hemen de etkilenirim ben boyle olaylardan... (FT; K2)

Evet... Burada ciftimiz kiirtaja karar vermis. Onun {izerine
konusacak olursak o zaman tamam. Duygusal agidan yaklagiyorum
¢linkii elimde olmadan. Bilimsel yaklasamiyorum. (FT; K4)

Katilimcilarin genetik uygulamalarinin kabul edilebilir alanlarin disinda baska kabul
edilmeyecek alanlarda kullanilabilecegine dair endiseleri ise “Kaygan Zemin (slippery

slope)” kod altinda ifade edilmistir. Ornegin,

Bence gen terapisi uygulamalarinin zeka iizerinde uygulanmasina
hi¢ izin verilmemeli. Zeki ¢ocuk isteyen yarin kasini goziinii de
degistirmek ister cocugunun bundan dolay: ailelere bdyle bir hak
verilmemeli bence. (GTHI; K7)

Siz izin verseniz de vermeseniz de eger boyle bir sey ortaya gikarsa
insanlar bunu talep edecektir. Etik ya da degil bir sekilde
yapilacaktir diye diisiinliyorum... Ama iste durduramazsiniz ki bu
yontem c¢ikarsa, insanlar yaptirmak isterler... Nereye kadar izin
verilecek onlar belirlenmeli ama ne olursa olsun kagak verecektir
mutlaka. (GTHI; K4)

Fen bilimleri dgretmenlerinin karar vermesini etkileyen diger dnemli bir faktoriin “Insan
hayatinin sonlandirilmasi (taking human life)” oldugu goriilmektedir (4.63%).
Katilimcilar, 6zellikle 1.senaryoda sunulan doku transferi yonteminde insan embriyosu
kullanilmasimin embriyo bir canli oldugundan, insan hayatin1 sonlandirmak olarak
gormiistiir ve bu yonteme karst cikmistir. Katilimeilarin bu faktorde yer alan

cevaplarindan 6rnekler asagida sunulmustur:

345



Fetiis sonugta belli bir haftay1 doldurdu. Sonucta fetiis simdi bir
canli. Baktigimizda fetiistin kullanilmas1 ¢ok etik gelmiyor
acikgasi. (FT; K1)

En son yoOntem olarak bu tedavi secenegi diisliniilmeli. Bu
yontemde doktor, Allah tarafindan verilen bir canliyr yok etmis
oluyor. (FT; K3)

Katilimeilarin karar verme siireglerini etkileyen diger bir 6nemli faktor “dini fakorler”dir
(%3.91). Katilimeilar, karar verirken inanglarini ya da “Kader”, “Takdir-i {lahi” gibi dini

terimlerden yararlanmislardir. Ornegin;

Dini agidan diisiindiigimiizde bu yontem, sakincali. Giinah olmasa
“tamam olsun” diyebiliriz. Giinah oldugu i¢in insanlar Down
sendromlu oldugu bilinen ¢ocugu bile aldirmiyor insanlar. (FT; K3)

Benim sahsi diisiincem bence hayir yani niye boOyle bir sey
diisiinsiin? Kendi babam olsaydi ne diisiiniirdiim ben biraz Takdir-
i Ilahi’ye inanan bir insanim. Hicbirimizin sonu belli degil. Belki
kadin babasinin tedavisi i¢in kiirtaj yaptiriyor ama babasina belki
doku nakli yapilacak ama babasi belki yine iyilesmeyecek, dlecek.
Belki vakti geldi, ameliyat aninda 6lecek. Asil o amag, olabilir mi
bence olmamali diye diigiiniiyorum (FT; K2)

Yine katilimcilarin 6nemli bir kism1 karar verirken “alternatif tedavi sec¢enekleri”nin
varligindan bahsetmistir (%3.56). Bu faktor, o6zellikle embriyonun kullanilmasini
gerektigi Doku Transferi senaryosunda goriilmiistiir. Ogretmenler, bu ydntem yerine
embriyonun hayatinin sonlanmayacagi, embriyoya zarar verilmeyecek yontemler

gelistirilebilecegini ifade etmislerdir. Ornegin;

Ben sunu diigiiniirdiim. Parkinson hataliginin tedavisi fetiis beyin
doku transferi yerine, Parkinson sinirlerin arasindaki iletigimi
saglayan bir maddenin sanirim Seratonindi bilmiyorum iste bazi
maddelerin eksik ya da fazla salgilanmasi ya da sikintili olmas1 ya
da bir boliimiin ¢aligmamasindan kaynaklaniyor. Derdim ki ben sen
madem boyle bir ¢aligma yapiyorsun ilk basta o maddeyi arttiracak
bir yontem bul onu arastir, ne bileyim doku kiiltiirii yap, doku
kiiltiirtinde hiicreleri ¢ogalt, doku kiiltiirii ile bu isi yapmaya ¢alis.
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Oradan maddeleri elde et, enjekte et, yani daha farkl1 bir bakis agis1
olsun isterdim. Yan, illa fetiis dokusuyla mi1 ¢alisilmali. (FT; K1)

Katilimeilarin karar vermesini etkileyen diger onemli bir faktor ise “dogal dengenin
bozulmast”dir. Katilimeilarin 6nemli bir kisminin karar verirken, gelistirilen genetik
uygulamalarinin dogal dengeyi bozabilecegine yonelik endiseleri vardir. Katilimcilarin bu

faktorde yer alan cevaplarindan 6rnekler asagida sunulmustur:

Gen terapisinin Huntington hastalig1 tizerinde kullanilmasi normal
bir durum. Olabilir niye olmasin. Mesela akilli olmayan bir
cocugun genleri degistirilseydi buna karsi ¢ikardim. Ciinkii doganin
yapisina karsi ¢ikmis olurdum. Ama burada doganin yapisina aykiri
bir sey yaptyormusum gibi gelmedi. (GTHD; K3)

Ben gen terapisinde hastalilk disinda baska durumlara
uygulanmasina karsiyim. Ciinkii diinyanin diizeni bozulur. Yani siz
yilanlar1 oldiiriince farelerin sayisi artiyor degil mi? Ekolojik bir
zincir var. Sen diinyadaki zinciri bozarsan, iste yok herkes kiz
isterse, herkes erkek olur, sen bu orani bozarsin... (GTHD, K2)

Katilimcilar, baz1 durumlarda karar vermede zorlanmislardir ve kararsizliklarini ifade
eden ctimleler “ikilemler” kategorisinde toplanmistir. Katilimcilar, genetik uygulamalarin
yararlarindan bahsederken ayni zamanda bu uygulamalarin olast yan etkileri veya

olumsuz sonuglari oldugundan da bahsederek kararsizliklarini dile getirmislerdir.

K 18 (GTHI): teknolojinin bu kadar hizli gelismesi bir yandan beni
endiselendiriyor bir yandan da iimitlendiriyor. Nasil desem? Her
giin yeni bir seylerin ¢6ziimii bulunuyor ama ayni1 zamanda her giin
de yeni bir hastalik ortaya cikiyor. Ne biliyim genetigiyle oynamis
gidalar mesela. Genetik teknolojisi ne giizel ama kanserojen yani...
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6. Tartisma ve Sonug¢

Bu aragtirmanin ilk amaci, fen bilimleri 6gretmenlerinin ¢esitli demografik 6zellikleri ile
genetik okuryazarlik diizeyleri, genetik okuryazarlik konularmma yonelik tutumlart ve
genetik okuryazarlik konularinin 6gretimine yonelik algilar1 arasindaki iligkileri
incelemektir. Nicel verilerin analizinde betimsel istatistiklerden yararlanilarak,
arastirmaya katilan fen bilimleri 6gretmenlerinin cinsiyet, mesleki deneyim, mezun
olunan boliim, genetik okuryazarlik konularina yonelik ilgi ve bilgilerine yonelik ¢esitli
demografik verileri incelenmistir. Daha sonra, bu demografik degiskenlerle arastirmada
kullanilan Genetik Okuryazarlik Olgme Envanteri, Genetik Okuryazarlik Konularma
Yénelik Tutum Olgegi ve Genetik Okuryazarlik Konularinin Ogretimine Yonelik Alg
Olgegi kullanilarak elde edilen toplam puanlar kullanilarak Kanonik Korelasyon analizi
yapilmistir. Yapilan Kanonik Korelasyon analizi sonucunda iki Kanonik Korelasyon
ciftinin degiskenler arasindaki iliskileri agikladig1 goriilmiistiir. 1. Kanonik Korelasyon
cifti incelendiginde, genetik okuryazarlik konularina daha ilgili ve bu konularda
kendilerinin daha bilgili olduklarini diisiinen bayan fen bilimleri 6gretmenlerinin genetik
okuryazarlik diizeylerinin daha yiiksek oldugu, genetik okuryazarlik konularina yonelik
genel tutumlarinin daha olumlu oldugu gorilmistir. Yine bu Kkisilerin genetik
okuryazarlik 6gretiminin 6nemine iligkin algilar1 ile genetik okuryazarlik 6gretimine
yonelik Ozyeterlilik algilarmin daha olumlu oldugu ancak bu kisilerin genetik
okuryazarlik 6gretiminin oniinde daha fazla engel bulunduguna yonelik algilar1 oldugu
goriilmistiir. Buna karsin, bu kisilerin gen terapisi ve gen terapisi uygulamalarina yonelik
tutumlarmin negatif oldugu yani gen terapisi ve gen terapisi uygulamalarina yonelik
olumsuz bir tutum i¢inde olduklar1 sonucuna ulasiimistir. ikinci Kanonik korelasyon ¢ifti
incelendiginde, genetik okuryazarlik konularinda kendilerinin daha bilgili olduklarini
diisiinen deneyimli fen bilimleri 6gretmenlerinin genetik okuryazarlik diizeyleri daha
diisiik oldugu, ayn1 zamanda bu fen bilimleri 6gretmenlerinin; kiirtaj, gen terapisi ve gen

terapisi uygulamalarina kars1 olumsuz tutum igerisinde olduklar1 bulgularina ulasilmistir.

Bu aragtirmanin diger bir amaci ise, fen bilimleri 6gretmenlerinin c¢esitli genetik

okuryazarlik konularindaki karar verme siireglerini etkileyen faktorleri belirlemektir.
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Temmuz-Aralik 2013 doneminde, nitel verilerin analizi igin ilgili alan yazin incelenmis;
kod ve temalarin belirlenmesine siireci tamamlanmistir. Nitel verilerin analizi sonucunda
Ogretmenlerin karar verme siireglerinde ¢esitli faktorlerin etkili oldugu goriilmiistiir. Bu
faktdrler cok genis bir yelpazede yer almaktadir. Ornegin, 6gretmenlerin karar verme
stireclerini etkileyen en onemli faktorlerin ise, hasta insanlarin iyilestirilmesi, Sosyo-
psikolojik faktorler, duygusal faktorler, dini faktorler, yan etkiler, dogaya miidahale,
kaygan zemin ve bilimin desteklenmesi oldugu goriilmiistiir. Ogretmenlerin tiimii, genetik
uygulamalar1 ile ilgili karar verirken hasta bireylerin iyilestirilmesini 6n planda
tutmuslardir. Yine katilimcilarin tamami karar verme siireglerin hasta ve hasta ailelerin
cekebilecegi ac1 ve sikintilardan bahsetmislerdir. Ayrica katilimcilarin 6nemli bir kismu,
bilimsel ¢alismalarin dogasindan ve bilimsel c¢alismalarin desteklenmesinin gerektigine
deginmislerdir. Beklenildigi lizere, dini faktorler, katilimcilarin kararlarini etkileyen diger
bir dnemli faktor olarak goriilmiistiir. Ayn1 zamanda insan hayatinin sonlandirilmasi da
katilimcilarin kararint ve genetik uygulamalara bakis acisin1 6nemli 6l¢iide etkilemistir.
Fetiis dokularinin kullanildigi 1.senaryoda bu genetik uygulamaya karsi ¢ikan fen
bilimleri 6gretmenleri fetiisiin bir canli olduguna ve bu calismada fetiis kullanilmasinin
ise insan hayatinin sonlandirilmast oldugunu ifade etmislerdir. Burada, 6gretmenler
“alternatif tedavi yontemleri”ne yonelinmesi gerektigini vurgulamislardir. Ornegin
fetlislin yasamina zarar vermeyecek cesitli calismalarin yapilabilecegi, calismalarda farkl
memeli embriyolarinin kullanilabilecegi ya da plasenta sivisi, gdbek bagi gibi cesitli
alternatif tedavi oOnerileri ileri siirmiislerdir. Katilimeilarin kararlarini belirleyen gesitli
endiseleri de mevcuttur. Bu arastirmada one ¢ikan en temel endise yan etkilerin olmasidir.
Ogretmenler, genetik ¢alismalarin veya genlere yapilan miidahalelerin insan genomunun
tiim yapisini bozabilecegi, ya da istenmeyen diger etkiler dogurabilecegine yonelik cesitli
endiseler belirtmislerdir. Ayn1 zamanda, dgretmenler, yapilan genetik uygulamalarin
gelistirildigi alan disinda da kullanilabilecegi endisesi tagimaktadirlar ve bu belirgin bir
faktodr olarak frekans analizinde ortaya ¢ikmustir. Ornegin 6gretmenler, gen terapisi ve gen
terapi uygulamalariin hastaliklarin tedavisinde kullanilmasinin 6nemine deginirken bu
uygulamalarin insanlarin zeka, sa¢ rengi veya cinsiyet gibi ¢esitli baska 6zelliklerinin de

degistirilmesinde kullanilabilecegi gibi ¢esitli endiseler tasimaktadirlar. Ayrica

349



ogretmenler, yapilan bu calismalarin dogal yapiya bir miidahale olduguna yonelik
endiseye sahiptir ve bu faktor de belirgin bir faktor olarak frekans analizinde ortaya
cikmistir. Frekans analizinde ortaya ¢ikan diger faktorler, fen bilimleri 6gretmenlerinin

karar vermelerini etkileyen unsurlar arasinda yer almaktadirlar.

Bu arastirmadan elde edilen sonuclar, oncelikle fen bilimleri 6gretmenlerinin gesitli
karakteristik ©zelliklerinin onlarin genetik okuryazarlik diizeyleri, ¢esitli genetik
okuryazarlik konularina yonelik tutumlar1 ve genetik okuryazarlik 6gretimine yonelik
algilarin1 etkileyebilecegini gostermektedir. Dolayisiyla gelistirilecek olan hizmet ici
egitim programlarinda bu oOzelliklerin gbz oOniinde bulundurulmasi, bu programlarin
etkililigi agisindan 6nemlidir. Ayrica, bu ¢aligmada elde edilen nitel veriler, fen bilimleri
Ogretmenlerinin genetik okuryazarlik konularina etkileyen pek cok faktér oldugu
sonucunu ortaya koymaktadir. Fen bilimleri 6gretmenlerinin genetik okuryazarlik
konular1 yonelik bilgilerini ve tutumlarini dolayisityla bu konularin 6gretimine yonelik
algilarinin  gelistirilmesine yonelik hizmet ic¢i egitim programlart gelistirilmesi
gerekmektedir. Bu programlar gelistirilirken gerek fen bilimleri 6gretmenlerinin cinsiyet,
ogretmenlik deneyimi gibi cesitli karakteristik 6zellikleri gerekse onlarin bu konularda
karar vermelerini etkileyen gesitli faktorler g6z oniinde bulundurulmalidir. Genetik
okuryazarlik kavramimin tek bir boyutunun olmadigi, c¢oklu bir ¢ercevede

degerlendirilmesi ve gelistirilmesi gerektigi unutulmamalidir.
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APPENDIX M

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisi

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi : CEBESOY
Adi  : Umran Betiil
Boliimii : Ikogretim

TEZIN ADI (Ingilizce) : An Analysis of Science Teachers’ Genetics Literacy and
Related Decision Making Process

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 stireyle fotokopi alinamaz. -

TEZIN KUTUPHANEYE TESLIM TARIHI:
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