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ABSTRACT

THE INCLUSION OF THE NATURE OF SCIENCE IN TURKISH SCIENCE
CURRICULUM

The Reconceptualized Family Resemblance Approach to Nature of Science (RFN)
IS a comprehensive approach that consists of the cognitive-epistemic and social-
institutional systems of science (Erduran & Dagher, 2014a; Kaya & Erduran, 2016a). The
purpose of the study is to examine the inclusion of the Nature of Science (NOS) in the
Turkish science curriculum from the RFN perspective. Another purpose of the study is to
investigate science teachers’ views of the RFN and science curriculum. The Turkish
science curriculum that was implemented in 2018 by the National Ministry of Education
and used in the levels of primary school and middle school is the main data source of the
study. The science curriculum was analyzed by content analysis. Furthermore, the
participants of the study are 10 science teachers that were selected by purposive sampling.
The semi-structured interview protocol and the RFN Questionnaire that was developed by
Kaya et al. (2019) were applied to the science teachers. The data that comes from the
interviews and the questionnaire were analyzed by thematic analysis and descriptive
statistics, respectively. The findings of the study showed that the Turkish science
curriculum refers more to the cognitive-epistemic system of science than the social-
institutional system of science. The category of scientific practices has the highest code
frequency, while the category of political power structures has the least code frequency in
the science curriculum. Science teachers’ RFN understanding levels were found moderate
and high according to the RFN Questionnaire. However, in the interviews, it was realized
that participants exhibit naive views and limited knowledge about some RFN categories.
The science teachers suggested that NOS should be integrated to the science curriculum
more and sources about NOS should be increased. This study has implications for the
inclusion of the RFN in the science curriculum and the integration of the RFN in the

teacher-training.
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OZET

TURKIYE’DEKI FEN BiLIMLERI DERSI OGRETIiM PROGRAMINDAKI
BILIMIN DOGASI iCERIGININ INCELENMESI

Yeniden Kavramsallastirilmigs Aile Benzerligi Yaklasimma Dayall Bilimin Dogasi
(REN), bilimin biligsel-epistemik ve sosyal-kurumsal sistemlerinden olusan kapsamh bir
yaklasimdr (Erduran ve Dagher, 2014a; Kaya ve Erduran, 2016a). Bu ¢ahgmanm amaci,
bilimin dogasmm Tiirkiye’deki fen bilimleri dersi 6gretim programmndaki i¢erigini RFN
bakis agismdan incelemektir. Arastrmanmn bir diger amaci ise fen bilimleri
ogretmenlerinin  RFN  ve fen bilimleri dersi 6gretim programu hakkindaki goriislerini
incelemektir. Milli Egitim Bakanhgi tarafindan 2018 yilinda uygulamaya konulan ve
ilkokul ve ortaokul seviyelerinde kullanilan Tiirkiye’deki fen bilimleri dersi 6gretim
programi arastrmanm temel veri kaynagidir. Fen bilimleri dersi 6gretim programu igerik
analizi ile analiz edilmistir. Ayrica, arastrmanmn katiimcilart amagh Ornekleme yoluyla
segilen 10 fen bilimleri 6gretmenidir. Yari yapilandiriimis goriisme protokolii ve Kaya ve
digerleri (2019) tarafindan gelistirilen RFN Anketi fen bilimleri 6gretmenlerine
uygulanmistr. Gorlismelerden ve anketten elde edilen veriler swrasiyla tematik analiz ve
betimsel istatistiklerle analiz edilmistir. Arastrmanm bulgulari, Tirkiye’deki fen bilimleri
dersi Ogretim programmm bilimin  sosyal-kurumsal sisteminden ¢ok biligsel-epistemik
sistemine atifta bulundugunu gostermistir. Fen bilimleri dersi 6gretim programmda
bilimsel pratikler kategorisi en yiiksek kod sikhgma sahipken, politik giic yapilart
kategorisi en az kod sikhigma sahiptir. Fen bilimleri 6gretmenlerinin RFN Anketine gore
RFN anlama diizeyleri orta ve yiksek diizeyde bulunmustur. Ancak goriismelerde
ogretmenlerin bazi RFN kategorileri hakkinda naif gorlisler ve smirl bilgi sergiledikleri
gorlilmiistir. Fen bilimleri 6gretmenleri, bilimin dogasmmn fen bilimleri dersi 6gretim
programma daha fazla entegre edilmesini ve bilimin dogasi ile ilgili kaynaklarn
artrilmasmi 6nermiglerdir. Bu ¢alismanm, RFN'nin fen bilimleri dgretim programma dahil

edilmesi ve RFN'nin 6gretmen egitimine entegrasyonu i¢in onerileri vardir.
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1. INTRODUCTION

The title of this research which is “The inclusion of the NOS in Turkish science
curriculum” implies not only NOS i the curriculum but also science teachers’ views of
NOS and curriculum. To explain the extent of the title, a triangle analogy can be made.
Like three corners of a triangle, the title of the research consists of three main components.
The corner at the top is the inclusion of NOS in the curriculum as indicated in the title.
Although the other two corners related to science teachers were not emphasized in the title,
they are touchstones of the curriculum implementation. In other words, without teachers’
NOS and curriculum views, the NOS in the curriculum is not enough to create an effective
learning environment. It's like a single corner can't form a triangle. On the other hand,

compounding these corners with sides is the researcher’s duty as in this thesis.

In science education, Nature of Science (NOS) is one of the fundamental topics.
Therefore, NOS has attracted attention as a research area in science education throughout
history (Erduran & Dagher, 2014a). The researchers in the field defined the NOS many
times in different ways. Although there is not a common definition of NOS among the
science experts, “typically, the NOS has been used to refer to the epistemology of science,
science as a way of knowing, or the values and beliefs inherent to the development of
scientific knowledge” (Abd-El-Khalick et al., 1998, p.418). In other words, understanding

of the NOS means to understand the core of science.

What makes NOS valuable in science education is a critical question that should be
asked by science educators. Driver et al. (1996) answered this question by determining
some arguments such as “Utilitarian”, “Democratic”, “Cultural”’, “Moral”, and “‘Science
learning” arguments. With the help of these arguments, the importance of the NOS in
science education is more understandable for teachers, students, and academicians in the
field. Respectively, the meanings of the ‘“Utilitarian”, “Democratic”, “Cultural”, “Moral”,
and “Science learning” arguments are mentioned. According to Driver et al. (1996)’s
utilitarian argument, understanding NOS is important because it provides that people

realize scientific developments and manage technological developments in daily life. In



other words, the teaching of the NOS makes the citizens scientifically and technologically
literate in order to be able to follow scientific and technological improvements. Irzik and
Nola (2014) also supported the idea that scientific literacy is interrelated with the NOS
understanding. The democratic argument that matters the significance of NOS in science
education supports the idea that NOS causes to increase in the number of decision-makers
in socio-scientific issues. Understanding NOS enables people to think, interpret, and
discuss socio-scientific issues critically. Driver et al. (1996)’s cultural view indicates that
understanding NOS gives value to science in cultural societies. In other words, science
gains an importance in contemporary cultures with the help of the NOS. Moreover, moral
argument states that learning NOS provides to learn the norms in scientific communities.
This means that in science, ethical considerations have a critical importance and NOS
makes them more understandable for science education. The last argument is about
learning of the science content. As a result, science is not only a knowledge block for elites
but also the realization of nature for all. Furthermore, the internalization of the meaning
and structure of NOS makes the societies’ prosperity high. Therefore, the teaching of the

NOS should be considered in science education.

There are many perspectives that look at NOS from different angles in the related
literature (Irzik & Nola, 2014). Each of the perspectives focuses on the certain aspects of
the NOS that change during the history. From past to present, ‘‘Consensus View’’ (Abd-El
Khalick & Lederman, 2000), ‘“Whole Science’’ (Allchin, 2011), ‘‘Features of Science
(FOS)’’ (Matthews, 2012), and “Family Resemblance Approach (FRA) to NOS” (Irzik &
Nola, 2014) have taken attention in the literature related to NOS in science education. Each
of these perspectives criticized the previous ones due to their narrow viewpoints, and
extended the context of the NOS. For instance, consensus view sees NOS within the
limited seven principles. The seven principles of consensus view are about the laws and
theories, observation and inference, scientific method, and aspects of scientific knowledge
(Lederman et al., 2002). The most current perspective was developed from the “Family
Resemblance Approach (FRA) to NOS” that categorizes science as cognitive-epistemic

and social-institutional systems.

FRA was adapted to NOS from Wittgenstein’s family resemblance idea by Irzik
and Nola (2014). In Irzik and Nola’s (2014) FRA to NOS version, science was separated as



cognitive-epistemic and social-institutional systems that include eight categories in total
even though these categories have many junction points. “Process of inquiry, aims and
values, methods and methodological rules, and scientific knowledge” are the categories of
the cognitive-epistemic system of FRA to NOS while “professional activities, scientific
ethos, social certification and dissemination of scientific knowledge, and social values™ are
the categories of social-institutional system of FRA to NOS (Irzik & Nola, 2014). On the
other hand, while Erduran and Dagher (2014a) reconceptualized the Irzik and Nola’s FRA
to NOS by adding new categories and developing some images and educational
applications, Kaya and Erduran (2016a) used the term of the “Reconceptualized FRA-to-
NOS (RFN)” in short. The terminology of the RFN differentiates the FRA in education

from the other using areas such as philosophical counterparts (Kaya et al., 2019).

During the reconceptualization of the FRA to NOS in science education, some
shortcomings were realized in Irzik and Nola’s (2014) FRA to NOS version. For example,
in addition to four categories of social-institutional systems, three more categories that are
“social organizations and interactions”, “political power structures”, and “financial
systems” were added to the new version (Erduran & Dagher, 2014a). Moreover, the
category of “process of inquiry” in Irzik and Nola (2014)’s version was altered as the
category of “scientific practices”. As a result, in Erduran and Dagher (2014a)’s FRA to
NOS version, the cognitive-epistemic system consists of “aims and values”, “methods and
methodological rules”, “scientific practices”, and “scientific knowledge” while the social-
institutional system consists of “scientific ethos”, “professional activities”, “social values”,
“social certification and dissemination”, “social organizations and interactions”, “political
power structures”, and “financial systems”. One of the most fundamental advantages of the
RFN is to be a holistic perspective including interactions among the categories. Also, the
RFN is pedagogically applicable in classrooms with the help of visual images. In the study,

the term of the RFN is mentioned as the study’s theoretical framework.

Even though the RFN is a recent perspective, it has a considerable place in the
science education literature. For instance, there are studies conducted with students (e.g.
Akbayrak & Kaya, 2020; Cilekrenkli 2019; Goren, 2021), pre-service teachers (e.g.
Erduran & Kaya, 2019; Erduran et al., 2021; Kaya et al., 2019), teachers (e.g. Aksoz,
2019; Azninda et al., 2021), and textbooks (e.g. BouJaoude et al., 2017; Okan, 2021; Park



et al., 2020). Moreover, curriculum analyses were conducted with the RFN perspective
(e.g. Kaya & Erduran, 2016b; Yeh et al., 2019). However, it is necessary to increase the
number of the curriculum analysis that investigated the curriculum from the RFN

perspective in order to have a holistic science understanding in schools.

According to the OECD report (2020), even though the curriculum is defined in
different ways and a more detailed definition is necessary, it can be identified as the
experiences that students gain in a school environment. In other words, the curriculum is a
plan that teachers apply to gain students experiences under the school roof. On the other
hand, according to Stenhouse (1975), curriculum is “an attempt to communicate the
essential principles and features of an educational proposal in such a form that it is open to
critical scrutiny and capable of effective translation into practice” (p.4). This definition
implies that the curriculum has a translation in the implementation. Moreover, Stenhouse
(1975) mentioned a curriculum that is expected to be applied in schools and a curriculum

that is applied in schools in reality.

The curriculum should not be thought independent from teachers and students.
Therefore, there might be a difference between the expected and real curriculum.
According to Tan-Sisman (2021), the curriculum is not only a written document because it
is affected from the factors of a teacher and student in a real classroom environment. It can
be mentioned 3 types of curricula that are “intended (written)”, “implemented (taught)”,
and “attained (achieved)” curriculum. While the intended (written) curriculum consists of
official standards that include what students should know, the implemented (taught)
curriculum consists of how these standards are implemented in classrooms (OECD, 2020).
Furthermore, the attained (achieved) curriculum shows what students learned as a result of
the intended and implemented curriculum (OECD, 2020). Most of the time, it was found
that a gap exists between the intended (written) curriculum and implemented (taught)
curriculum due to the differentiation among implementation processes. However, it is
significant that the intended (written) curriculum is aligned with the implemented (taught)

curriculum to have a successful curriculum (Karabacak & Kurum-Yapicioglu, 2020).

Curricula are separated as national curricula that governments are responsible and

school-based curricula that schools individually are responsible (Kaya et al., 2012). In



Turkey, national curricula for each subject and level are used. It means that all students at
the same grade level have common learning objectives in the boundaries of Turkey without
looking at any differences. The most recent science-related curricula started to be used in
2018. For the science curriculum, primary school from the 3" to 4™ grade and the middle
school from 5™ to 8" grade share the same curriculum (MEB, 2018a). On the other hand,
the high school science curriculum from 9™ to 12" grade differentiates as physics (MEB,
2018b), chemistry (MEB, 2018c), and biology (MEB, 2018d) disciplines. In Turkish
science, physics, chemistry, and biology curricula, there are sections that show objectives
and topics based on the different grades. On the other hand, the implementation of the
curricula mostly changes from teacher to teacher and student to student in Turkey although
they are national curricula. This situation was emphasized in the recent Turkish science
curriculum as an expectation from teachers. In other words, teachers are expected to make
adaptations during the implementation of aims and objectives in the science curriculum
(MEB, 2018a). Livingstone (1986) supported this idea by seeing teachers as gatekeepers of
the curriculum. This means that teachers have a right to decide how, when, and to what
extent the lesson is taught by paying attention to the border of the curriculum (Livingstone,
1986). Thus, a wide gap appears between the curriculum that the developers intended and

the curriculum that students achieved.

Based on the studies, NOS should be mentioned more in science education like
scientific knowledge (Osborne et al., 2003). In order to succeed it, science-related curricula
should include NOS more. The integration of the NOS to the science-related curricula
leads students to internalize science in detail. According to Kaya and Erduran (2016a),
NOS is one of the main goals that take place in curricula for decades. Additionally, NOS is
the main part of the science standards (e.g. NGSS Lead States, 2013). Therefore, the
number of the national and international studies that investigated inclusion of the NOS in
science-related curricula is high in the literature (e.g. lzci, 2017; Leden & Hansson, 2015;
Ozden & Cavlazoglu, 2015). There are also some recent studies that focused on the
inclusion of the NOS in science-related curricula. These studies used the RFN as a
framework because it was a recently developed holistic approach. Kaya et al. (2017) said
that the holistic approach is important to teach NOS from different categories based on the
studies in different science topics. Cheung (2020) analyzed the Hong Kong biology
curriculum while Yeh et al. (2019) analyzed two Taiwanese science curricula in terms of



the RFN categories. Additionally, Turkish science curricula (MEB, 2006; MEB, 2013)
were also investigated in the scope of the RFN (Kaya & Erduran, 2016a). As a common
result of curriculum analyses, it was found that the social-institutional aspects of NOS were
limited in contrast to cognitive-epistemic aspects of NOS. The studies that focused on the
inclusion of the RFN on science-related curriculum have significance because it is
beneficial for the understanding of NOS in science education holistically. However, there
is a limited amount of research including curriculum analysis with the focus of the RFN.
Therefore, the purpose of the study is to analyze the recent Turkish science curriculum

based on the RFN perspective.

In addition to the importance of the curriculum, the practitioners of the curriculum
who are teachers should also be considered in order to teach NOS. In other words, not only
the inclusion of the RFN on the curriculum but also the views of teachers about the RFN
and curriculum are critical components for students’ understanding the science as a whole.
Moreover, the views of the teachers are significant because there are differences among
teachers’ curriculum implementations that affect students’ understandings. According to
Azninda et al. (2021), students’ NOS understandings can be affected from the teachers’
views of NOS. Therefore, it is important to learn the teachers’ RFN and curriculum views
in order to understand how teachers interpret the RFN and curriculum. In Turkey, science
course in primary school is given by primary school teachers while other science-related
courses are given by specialized teachers who are science, physics, chemistry, and biology
teachers. It is important for science teachers to have knowledge of NOS so that students
can understand the RFN categories in detail and look at science in a holistic way. Even
though there are many studies related to pre-service teachers’ RFN understanding, the
number of studies related to teachers’ RFN understanding is limited or deficient. For
example, Aksoz (2019) worked on only the aims and values category and social-
institutional categories of the RFN. According to Aksoz (2019)’s results, it was found that
the views of teachers towards the RFN were limited. Whereas, students’ NOS
understanding might depend on their teachers’ views of NOS. Therefore, the number of
research that is conducted about the RFN views of teachers should be increased. In this
study, science teachers’ views of the RFN and curriculum take place as well as the analysis

of the RFN inclusion in the science curriculum.



1.1. Purpose of the Study

The purpose of the study is to analyze the inclusion of the NOS in the Turkish
science curriculum from the RFN perspective through content analysis. The science
curriculum that was analyzed in the study is the most recent science curriculum that has
been used in Turkey (MEB, 2018a). Additionally, another purpose of the study is to

determine science teachers’ views of the RFN and the science curriculum.

1.2. Significance of the Study

There are many studies that focused on NOS in science education. The NOS is a
significant topic for science education because understanding of NOS makes students
effective citizens both locally and globally (Smith & Scharmann, 1999). Because of the
popularity of NOS, many perspectives investigating NOS in science education came out.
The “consensus view”, “whole science”, “feature of science”, and “family resemblance
approach to NOS” are the examples of these perspectives. The most recent approach is the
RFN rising from “family resemblance approach to NOS” and includes cognitive-epistemic

and social-institutional categories of science (Erduran & Dagher, 2014a).

The RFN is significant because it enables persons to understand science
contextually and holistically (Erduran and Dagher, 2014a). Moreover, the RFN presents
the pedagogical applications that can be used in classrooms easily. However, because the
RFN is a new approach in the literature, more studies are needed in the science education
context. Therefore, this study’s theoretical framework is based on the RFN. The previous
studies focusing the RFN were conducted with the middle school students (e.g. Akbayrak
& Kaya, 2020; Alayoglu, 2018; Cilekrenkli, 2019), university students (e.g. Akgun, 2018;
Akgun & Kaya, 2020), pre-service teachers (e.g. Erduran et al., 2021; Kaya et al., 2019;
Saribas & Ceyhan, 2015), and in-service teachers (e.g. Aksoz, 2019; Azninda et al., 2021).
Additionally, there are textbook analyses (e.g. BouJaoude et al., 2017; McDonald, 2017;
Park et al.,, 2020) and curriculum analyses (e.g. Erduran & Dagher, 2014b; Kaya &
Erduran, 2016a; Kaya & Erduran, 2016b; Yeh et al., 2019) that looked at the documents
from the RFN perspective.



Although the studies related to the NOS and curricula are in high number (e.g. lzci,
2017; Leden & Hansson, 2015; Ozden & Cavlazoglu, 2015), the studies related to the RFN
and curriculum should be increased. According to Kaya and Erduran (2016a), curriculum
analysis from the RFN perspective is quite limited. Whereas the investigation of the
science curriculum in the scope of the RFN is critical in order to determine the shortages in
the curriculum and redesign it based on the RFN framework (Kaya & Erduran, 2016b).
This study has a potential to decrease the gap about curriculum analysis in the context of
the RFN and has an importance to inform the policy makers and curriculum designers.
With the help of the inclusion of the RFN into the science curriculum, students’ NOS
understanding might be improved and they might become scientifically literate citizens. In
other words, the science curriculum has a power to make students’ RFN understanding
more meaningful. Because of that, NOS should take place in the science curriculum
inclusively. This study is significant because it aims to investigate the inclusion of the RFN
in the Turkish science curriculum. In some previous studies conducted within the RFN
framework, all categories of the RFN were not included. However, in this study, the
science curriculum was investigated by taking into consideration of all categories of the
RFN consisting of cognitive-epistemic and social-institutional categories. The RFN
categories have an importance to improve students’ cognitive abilities and social
awareness (Kaya et al., 2017). Because of that, to focus on all categories of the RFN as a
whole is important. Moreover, analyzing the recently developed Turkish science
curriculum (MEB, 2018a) in the context of the RFN is necessary because this curriculum is

now used in science lectures as a main document by science teachers.

This study also differs from the relevant literature because it includes the views of
science teachers towards science curriculum and the RFN in contrast to previous
curriculum content analysis studies. The views of the teachers are valuable to teach the
RFN because they are practitioners of the curriculum in classrooms. In other words, the
inclusion of the RFN in science curriculum is not enough to transmit the RFN to the
students. It is necessary to have competent science teachers in the scope of the RFN.
Before achieving this aim, their views about the RFN and curriculum should be
investigated. Science teachers’ RFN views were analyzed in the study after collecting data

from the participants in addition to the science curriculum analysis.



1.3. Research Questions

To what extent does the Turkish science curriculum include the Reconceptualized

Family Resemblance Approach to Nature of Science (RFN)?

What are the science teachers’ views of the RFN and the Turkish science

curriculum?

1.4. Definitions of Key Terms

Nature of Science (NOS): “The epistemology of science, science as a way of
knowing, or the values and beliefs inherent to the development of scientific
knowledge” (Abd-El-Khalick et al., 1998, p.418). According to Erduran and
Dagher (2014a), science is a totality of cognitive-epistemic and social-institutional

categories.

Reconceptualized Family Resemblance Approach to NOS (RFN): It is a recent
perspective that reconceptualized Irzik and Nola’s (2014) “Family Resemblance
Approach (FRA) to NOS” on science education designing by Erduran and Dagher
(2014a) and entiting by Kaya and Erduran (2016a). New categories showing
aspects of science were added to the existing FRA to NOS categories. In the end,
the RFN consists of 11 categories that include cognitive, epistemic, and social-

institutional categories of science.

Aims and Values of Science (AV): Erduran and Dagher (2014a) defined aims and
values of science in the context of the cognitive, epistemic, and social aspects.
While cognitive-epistemic aspects of science can include objectivity, consistency,
novelty, and accuracy, social aspects can include honesty, decentralizing power,

and addressing human needs (Erduran & Dagher, 2014a).

Scientific Practices (SP): The “benzene ring” analogy was used to symbolize the
six components of scientific practices by Erduran and Dagher (2014a). Activities,

real world, prediction, explanation, model, and data are the scientific practices
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(Erduran & Dagher, 2014a). In the center of the benzene ring, representation,
reasoning, discourse, and social certification take place to describe the social

environment of the components (Erduran & Dagher, 2014a).

Methods and Methodological Rules of Science (M): The “gears” image analogy
shows the hypothesis testing, non-hypothesis testing, manipulative, and non-
manipulative description as methods and methodological rules for explanatory
consilience (Erduran & Dagher, 2014a).

Scientific Knowledge (SK): Erduran and Dagher (2014a) determined theories,
laws, and models (TLM) as the kinds of scientific knowledge. These components
work collaboratively to create or confirm a new knowledge (Erduran & Dagher,
2014a).

Social-Institutional Systems of Science (SI): It is one of the categories of science
and involves scientific ethos, social certification and dissemination, professional
activities, social values, financial systems, political power structures, and social

organizations and interactions (Erduran & Dagher, 2014a).

Social Certification and Dissemination (SCD): It is a kind of process that scientists
investigate and confirm the scientific knowledge via peer-review journals, and then
present the scientific knowledge in the conferences (Erduran & Dagher, 2014a;
Erduran et al., 2021).

Scientific Ethos (SE): It is the norms that scientists follow during the scientific
implementation. Erduran and Dagher (2014a) exemplified the scientific ethos as

honesty, respect for human beings, animals, and environment.

Social Values (SV): Erduran and Dagher (2014a) gave freedom, respect, and social

utility as examples of social values of science.
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Professional Activities (PA): Scientists perform some professional activities such
as attending conferences, reviewing papers, and presenting the research results in

addition to conducting research (Irzik & Nola, 2014).

Social Organizations and Interactions (SOI): Scientists have interactions with each
other while they are working in institutions such as research centers and
universities (Erduran & Dagher, 2014a; Erduran et al., 2021).

Financial Systems (FS): Scientific research is related to the economic resources
closely (Erduran & Dagher, 2014a; Erduran et al., 2021).

Political Power Structures (PPS): In scientific communities, there are political
dynamics that are followed by scientists which are related to the race, gender,
governments’ ideologies, and hierarchies in the scientific community (Erduran &
Dagher, 2014a; Erduran et al., 2021).

Curriculum: “Although curriculum may be very broadly defined as the totality of
the learning experiences of students at school, it is, in fact, a complex,
multidimensional phenomenon, and a more nuanced definition is necessary”
(OECD, 2020, p.11).
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2. LITERATURE REVIEW

In this chapter, first, the place of the NOS in science education is explained by
giving the definition of the NOS and perspectives towards the NOS. The criticisms against
the NOS perspectives are also mentioned. Secondly, the theoretical framework of the study
that is the “Reconceptualized Family Resemblance Approach to Nature of Science (RFN)”
is presented with the features and categories. After that, RFN-based studies in science
education are provided. Furthermore, because the focus of the study is the science
curriculum in the context of the NOS, the international and national studies including
curriculum analysis in the NOS context are presented, respectively. Lastly, the studies
conducted to explore teachers” NOS views and curriculum implementations are discussed.

Then, the chapter ends with the summary section.

2.1. Nature of Science (NOS) in Science Education

Defining NOS with a single sentence is hard because the NOS includes many
categories of science in it. On the other hand, there are some NOS definitions that were
cited more in the literature. According to McComas et al. (1998), NOS is an intersection
field of the history, philosophy, sociology, and psychology research areas and examines
the meaning of science, science’s working style, relationships among scientists, and
societies” reactions to the science. This means that NOS is a common point of some
science studies dealing with not only scientific concepts but also scientific processes. Abd-
El-Khalick et al. (1998) define the NOS as a core of science, the way of knowing, or
principles during scientific knowledge improvement. As the definition implies, NOS looks
at the science from a general perspective. To understand the NOS in detalil, historical
change of the NOS in literature should be investigated. There are many views that look at
the NOS from different angles. “Consensus view” (Abd-El-Khalick & Lederman, 2000),
“whole science” (Allchin, 2011), and “features of science” (Matthews, 2012) are the most
basic views of NOS. It will be started with the explanation and criticisms of consensus

view.
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“Consensus View” is one of the common perspectives of the NOS. According to
consensus view, there are seven tenets that define the aspects of the NOS. The difference
between laws and theories, the difference between observation and inference, the creativity
of scientific knowledge, the theory-laden aspect of scientific knowledge, social and
cultural aspect of scientific knowledge, tentativeness of scientific knowledge, and the
scientific method are emphasized in the consensus view (Lederman et al., 2002). While
law means statements that make relationship among observable phenomena, theory means
explanations of these phenomena (Lederman et al., 2002). Moreover, while observation is
related to the senses, inferences are not related to senses (Lederman et al., 2002). On the
other hand, according to Lederman et al. (2002), scientific knowledge is a product of
human creativity, is changeable, and is affected from scientists’ background and culture.
Furthermore, there is a myth that only one scientific method is followed to reach true
knowledge (Lederman et al., 2002). Most of the science educators accepted the idea that
the seven tenets in the consensus view are important. However, at the same time,

consensus view was criticized because of its shortcomings.

Opponent views and deficiencies of the consensus view are presented. Irzik and
Nola (2011) provided three arguments that showed the deficiencies of the consensus view.
The first one was that the consensus view shows the limited vision of science (Irzik &
Nola, 2011). This means that aims of science and methodological rules in science have not
been mentioned in the consensus view (lrzik & Nola, 2011). Second argument was that the
consensus view ignores the differences among different scientific disciplines by looking at
the uniform perspective (Irzik & Nola, 2011). The last argument of Irzik and Nola (2011)
was that consensus view has insufficient systematic unity. Like in Irzik and Nola’s
criticism, Matthews (2012) criticized the consensus view due to the narrow viewpoint. This
means that the consensus view was limited with the seven tenets although the list of the
features of science can continue (Matthews, 2012). Therefore, it is also necessary to
understand the NOS with its other aspects. Yacoubian (2012) also provided some critiques
against the consensus view of NOS in science education. One of the criticisms about the
consensus view was the deficiency on applying the NOS ideas for different purposes such
as socio-scientific issues (‘Yacoubian, 2012). Another criticism was that the consensus
view shows a distorted picture about the NOS content and process (Yacoubian, 2012). The

final problem related to consensus view in school science was how NOS can be
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implemented at different grades (Yacoubian, 2012). Whereas, the teaching of the NOS in

science lessons has critical importance to understand the science as a comprehensive.

“Whole Science” is another view that explained the NOS. It includes the epistemic
and cultural values of science as a comprehensive way (Alichin, 2011). The epistemic
values are important for the scientific methods while the cultural values are related to the
work of scientists (Allchin, 2011). Allchin (2011) added the concepts of “the peer review,
cognitive bias, funding, fraud, validation of new methods, and motivation” to the whole
science because he thought that the list of the consensus view ignored these concepts.
Moreover, in the whole science, there is a transformation from the declarative tenets of the
consensus view to the functional analysis in real life contexts (Allchin, 2011). In addition
to the whole science, the features of science will be mentioned as a perspective that
investigated the NOS.

Matthews (2012) changed the terminology of “Nature of science” to the “Features
of science” and added new tenets to the consensus view. “Experimentation”,
“idealization”, “models”, “values and socio-scientific issues”, “mathematisation”,
“technology”, ‘“explanation”, “worldviews and religion”, “theory choice and rationality”,
“feminism”, “realism and constructivism” are the new categories of features of science
(Matthews, 2012). With these categories, Matthews (2012) emphasized the other features
of science that are epistemology, sociology, history, technology, psychology, and economy
in addition to the ones in the consensus view. Although Matthews explained the reasons of
extension in features of science in a meaningful way, he did not explain why these features
were selected, not others (Erduran & Dagher, 2014).

Lastly, Irzik and Nola (2011, 2014)’s “Family Resemblance Approach (FRA) to
NOS” is the alternative approach to the previous perspectives in the context of the NOS.
The idea of Family Resemblance firstly was developed by Ludwig Wittgenstein to use in
philosophical areas. Then, it was adapted to use in the NOS context (Irzik & Nola, 2014).
As mentioned earlier, Irzik and Nola (2011) criticized the consensus view due to the
narrow point of view. Therefore, the idea of FRA to NOS covers science as more holistic
and systematic unities in contrast to the consensus view (Irzik & Nola, 2014). This means

that FRA to NOS conceptualized science as cognitive-epistemic and social-institutional
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categories (Irzik & Nola, 2014). While the cognitive-epistemic categories consist of
“process of inquiry”, “aims and values”, “methods and methodological rules”, and
“scientific knowledge”, social-institutional categories consist of “professional activities”,
“scientific ethos”, “social certification and dissemination of scientific knowledge”, and
“social values” (Irzik & Nola, 2014).

Erduran and Dagher (2014a) added new categories into the Irzik and Nola’s FRA to
NOS framework and made the framework applicable in science education by interactive
models. Then, Kaya and Erduran (2016a) entitled this framework as the “Reconceptualized
Family Resemblance Approach to NOS (RFN)”. The RFN forms the theoretical basis of

the study. In the next section, more information about the RFN is provided.

2.2. Reconceptualized Family Resemblance Approach to Nature of Science (RFN)

While Erduran and Dagher (2014a) reconceptualized Irzik and Nola (2011)’s
“Family Resemblance Approach to NOS”, Kaya and Erduran (2016a) used the terminology
of the “Reconceptualized FRA-t0-NOS (RFN)” to define new version. The RFN is a meta-
level approach that explains the NOS comprehensively. In other words, the RFN is a
holistic perspective that covers the cognitive-epistemic and social-institutional aspects of
science. Additionally, the RFN provides pedagogical applications that can be used in K-12
education. Therefore, using the RFN in educational materials such as curricula and
textbooks makes the students’ NOS understanding easier. Unlike Irzik and Nola’s FRA to
NQOS, in this new version, the category of “process of inquiry” was changed with the
category of “scientific practices” and textual format was ignored. Additionally, Erduran
and Dagher (2014a) extended the social-institutional system with three additional
categories that are “political power structures”, “financial systems”, and “social
organizations and interactions”. Within the RFN framework, Erduran and Dagher (2014a)
presented a concentric circle that shows the cognitive-epistemic and social-institutional

systems of science holistically.

The concentric circle named as “FRA Wheel” (Figure 2.1) consists of three layers.

In the center of the concentric circle, cognitive-epistemic system of NOS is shown with the
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categories that are “aims and values”, “methods and methodological rules”, “scientific
practices”, and “scientific knowledge”. On the other hand, the other two layers depict the
social-institutional system of NOS that consist of “social values”, “social certification and
dissemination”, “professional activities”, “scientific ethos”, “financial systems”, “political
power structures”, and “social organizations and interactions”. There are in total 11
categories of which four are for cognitive-epistemic system and seven are for social-
institutional system. Furthermore, there are pores among categories that mean possible

movement among categories as shown in Figure 2.1.
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Figure 2.1. FRA Wheel: Science as a Cognitive-Epistemic and Social-Institutional System.
Source: [Erduran & Dagher, 2014, p. 28].

In the next sub-sections, the categories in the FRA wheel that are “aims and values
of science”, “methods and methodological rules”, “scientific practices”, “scientific
knowledge”, and seven social-institutional systems of science categories that are
“professional activities”, “scientific ethos”, “social certification and dissemination”,
“social values”, “social organizations and interactions”, “political power structures” and

“financial systems” are explained, respectively.
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2.2.1. Aims and Values of Science

Erduran and Dagher (2014a) investigated aims and values of science from a lot of
perspectives such as “epistemic™, “cognitive”, “cultural”, “social”’, “political’, “moral”,
and “ethical” perspectives. They also presented an image that shows epistemic, cognitive
and social aspects of aims and values of science (Figure 2.2). Based on the triangular
image, the distinctiveness of these aspects is hard and the boundaries between the aims and
values are continuous and blurry (Erduran & Dagher, 2014a). Additionally, ethical and
moral dimensions were excluded deliberately in the image as in the view of Irzik and Nola
(2011). This is because ethical and moral issues are not seen as the purpose of science.
Instead of that, they are important principles that are related to the cultural and political

way of science and should be followed by scientists (Erduran & Dagher, 2014a).

isterni

Ep

Figure 2.2. Aims and Values in Science. Source: [Erduran & Dagher, 2014a, p. 49].

Erduran and Dagher (2014a) also presented the terminology for the aims and values
in science with the educational applications as seen in Table 2.1. While “objectivity”,
“novelty”, “accuracy”, “empirical adequacy”, “critical examination”, ‘“addressing
anomalies and counter instances”, and “taking challenges seriously” are the using concepts
for the epistemic-cognitive aims and values of science, “addressing human needs”,
“decentralizing power”, “honesty”, and “equality of intellectual authority” are the using
concepts for the social aims and values of science (Erduran & Dagher, 2014a).
Furthermore, educational applications of aims and values of science take place in Table

2.1. For instance, in the epistemic-cognitive aims and values of science, the novelty was
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exemplified as producing new explanations while in the social aims and values of science,

the honesty was exemplified as being honest in scientific activities.

Table 2.1. Application of epistemic-cognitive and social aims and values of science in

science education. Source: [Erduran & Dagher, 2014a, p. 52].

Aim/value Educational application
Epistemic-cognitive Objectivity Seeking neutrality and
avoiding bias
Novelty Searching for new
explanations
Accuracy Ensuring that explanations

are accurate

Empirical adequacy

Basing claims on sufficient,

relevant and plausible data

Critical examination

Giving reasons to justify

claims

Addressing anomalies and

counter instances

Recognizing opposite ideas

and responding to objections

Taking challenges seriously

Taking opposition to own

ideas seriously

Social

Addressing human needs

Considering and respecting

human needs

Decentralizing power

Making sure nobody
controls ideas to favor

particular group biases

Honesty

Being honest and acting
honestly in all aspects of

scientific activities

Equality of intellectual
authority

Respecting all ideas as long
as they are evidence-based
regardless of whose ideas
they are
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Erduran and Dagher (2014a) believed that the aims and values of science should be
attached importance in science lectures because of three reasons. One of the reasons is that
students should know the working principles of scientific knowledge and practices by
taking into consideration of common values. Another reason is the necessity of the gaining
of epistemic values of science by teaching methods including scientific content and
practices. Lastly, teaching aims and values is important for students because it provides
awareness that bias can appear in the context of the knowledge transmission and

investigation.

2.2.2. Methods and Methodological Rules

There is a popular depiction that shows the steps in the scientific method. Erduran
and Dagher (2014a) opposed to this depiction that includes “asking a question”, “doing
background research”, “constructing a hypothesis”, “testing of hypothesis by doing
experiments”, “analyzing the data and drawing conclusion”, and “reporting results”. This is
because scientist follows a lot of scientific methods while investigating their research
questions instead of the scientific method. Therefore, this depiction is problematic.
Moreover, Lederman et al. (2002) mentioned the perception of the scientific method as a
big misconception that even is explained in textbooks and lectures because there are many
scientific methods that scientists follow to reach knowledge. If different kinds of scientific
methods are not emphasized, non-experimental methods may be perceived as worthless
(Erduran & Dagher, 2014a). This means that knowledge comes from the non-experimental
methods can be seen as untrustworthy. Whereas, a student can easily learn that
astronomers use non-experimental methods by testing their hypothesis while they are
investigating stars (Erduran & Dagher, 2014a). Therefore, Erduran and Dagher (2014a)
presented the gear image (see Figure 2.4) that depicts the “manipulative”, “non-
manipulative”, “hypothesis testing” and “non-hypothesis testing” methods. In other words,
observational and experimental kinds of scientific methods were shown in the image by
emphasizing their working mechanisms as synergetic. Based on the using evidence in a

study, the size of the gears in Figure 2.3 can be changed (Erduran & Dagher, 2014a).
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Figure 2.3. The ‘Gears’ Image lllustrating How Evidence from a Variety of Methods
Works Synergistically to Contribute to Explanatory Consilience. Source: [Erduran &
Dagher, 2014a, p. 101].

2.2.3. Scientific Practices

Erduran and Dagher (2014a) emphasized the classification, observation, and
experimentation when explaining scientific practices. According to them, scientific
practices consist of epistemic, social-institutional, and cultural dimensions (Erduran &
Dagher, 2014a). The meaning of scientific practices is “the set of epistemic and cognitive
practices that lead to scientific knowledge through social certification” (Kaya & Erduran,
2016a, p.1123). Furthermore, National Research Council (NRC) (2012) defined the
practices as practices that scientists use during knowledge construction about the world and
engineers use in their working processes. Also, NRC (2012) suggested eight practices for
K-12 students’ curricula. These practices are “asking questions and defining problems”,
“developing and using models”, “planning and carrying out investigations”, “analyzing and
interpreting data”, “using mathematics and computational thinking”, “constructing
explanations and designing solutions”, “engaging in argument from evidence”, and
“obtaining, evaluating, and communicating information”. This situation implies that

scientific practices start to become a main component of science education.



21

Erduran and Dagher (2014a) presented the main aspects of the scientific practices
with the benzene ring analogy (Figure 2.3). In the benzene ring analogy, while carbon
atoms refer to the epistemic and cognitive categories of science that are “real world”,
“explanation”, “model”, “prediction”, “activities”, and “data”, the electron cloud refers to
the social category of science that are “representation”, “discourse”, “reasoning”, and
“social certification”. As a result, in the image, it was emphasized that there are
interactions among the epistemic and cognitive aspects of science, and the social aspect of

science affects them.

Figure 2.4. “Benzene Ring” Heuristic of Scientific Practices. Source: [Erduran & Dagher,
2014a, p. 82].

2.24. Scientific Knowledge

Erduran and Dagher (2014a) indicated that Theories, Laws, and Models (TLM) are
the components of the scientific knowledge and they generate a new scientific knowledge
by working together. In other words, theories, laws and models are interconnected with
cach other as shown in the Erduran and Dagher (2014a)’s image (Figure 2.5). For instance,
in physics, the thermodynamics theory, laws of thermodynamic, and heat transfer model
make a cooperation to explain the concept of heat (Erduran & Dagher, 2014a). Moreover,

TLM are the output of the scientific enterprise and domain-specific (Erduran & Dagher,
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2014a). On the other hand, while some of the theoretical structures of a paradigm grow and
expand to the other context, sometimes a paradigm shift that can cause a new independent
knowledge cycle appears (Erduran & Dagher, 2014a).

Scientific Understanding
Theories caws-Models
Theories-
Lows-
[
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Figure 2.5. TLM, Growth of Scientific Knowledge and Scientific Understanding. Source:
[Erduran & Dagher, 2014a, p. 115].

Erduran and Dagher (2014a) indicated that students have learning difficulties in the
types of scientific knowledge because these are not taught in schools at a high degree.
TLM framework is an effective educational application that can be used in the classrooms.
It enables students to understand the validation of particular scientific knowledge, the
justification of the scientific knowledge, and the place of the scientific knowledge within

and across science disciplines (Erduran & Dagher, 2014a).

2.2.5. Science as a Social-Institutional System

Science is a social system in its nature (Erduran & Dagher, 2014a). Irzik and Nola
(2014) provided the four categories such as “professional activities”, “scientific ethos”,
“social certification and dissemination of scientific knowledge”, and “social values” in
order to represent the aspects of the social system. Then, Erduran and Dagher (2014a)

added three more categories that are “social organizations and interactions”, “political
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power structures”, and “financial systems of science” into them. These categories are

presented respectively.

Professional activities of scientists are not limited to scientific research that
includes knowledge production (Irzik & Nola, 2014). Professional activities that scientists
perform are attending conferences, publishing research in a journal, presenting research
findings, reviewing proposals, developing projects, seeking funds for research, consulting
both public and private institutions, informing the public, and so on (Irzik & Nola, 2014).
In other words, these are the routine of scientists. Scientific ethos is defined as the attitudes
that scientists have to conform to during their professional activities and in their
relationships with other scientists (Irzik & Nola, 2014). Intellectual honesty and integrity,
respect for intellectual property, environment, and animal care, and human subjects’
protection are the examples of the scientific ethos (Erduran & Dagher, 2014a). Resnik
(2005) also mentioned additional ethics in science such as “carefulness”, “openness”,
“freedom”, “credit”, “legality”, and so on. With the help of the ethos in science, knowledge
might be more trustworthy and beneficial. Social certification and dissemination is a
process that scientists follow after completing their research. They present their works at
conferences, review other scientists’ works, and publish their articles in the context of this
category (Erduran & Dagher, 2014a). Thus, it is made comments, criticisms, and
evaluations on the works of scientists with the help of the scientific community to control
the quality of the works (Erduran & Dagher, 2014a). Social values refer to “freedom”,
“respect for the environment”, and “social utility” (Erduran & Dagher, 2014a; Irzik &
Nola, 2014). Freedom and respect for environment are also take place in the category of
scientific ethos. Furthermore, it is necessary that scientists consider the benefits to society
and inform societies about the possible results of the studies (Resnik, 2005). The category
of social organizations and interactions means that scientists work in social institutions
such as research centers, universities, or other scientific institutions including NASA,
CERN, TUBITAK, and so on. According to Erduran and Dagher (2014a), political power
structures include the relationship between science and government politics, race, and
gender. They also stated that the understanding of the politics and science relationship
might make students scientific literate by providing critical thinking. Lastly, financial

systems control not only scientists’ practices but also resources’ dissemination (Erduran &
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Dagher, 2014a). In other words, financial resources affect the science. Moreover,

commodification and commercialization of science are the components of this category.

2.26. RFN-Based Studies in Science Education

When looking at the context of the RFN studies, we see the range of research.
However, the number of the studies about this framework is relatively low because the
RFN is a current perspective. The studies were conducted with the students, pre-service
teachers, and teachers to understand the RFN views, perceptions, or levels of them.
Additionally, the inclusion of the RFN in textbooks and curricula was analyzed in the
literature in a small number. These studies used different terminologies such as “Extended
FRA to NOS”, “Expanded FRA to NOS”, and “FRA to NOS” to define the RFN. These
studies’ contexts and details are presented within this section and the following ones.

A small number of studies aim to find the RFN understanding of students in the
middle school and higher education levels. One of them belongs to Cilekrenkli (2019) who
examined the fifth grade students” NOS understandings in the context of the RFN
framework. In the research, the RFN based intervention was applied to the experimental
group while usual instruction was applied to the control group. Moreover, both the RFN
Student Questionnaire and interviews were conducted to collect data from students.
According to the result of the questionnaire, students in the experimental group showed
high scores in most of the RFN categories than the students in the control group
(Cilekrenkli, 2019). The findings acquired from interviews also supported the results of the

questionnaire (Cilekrenkli, 2019).

Akbayrak and Kaya (2020)’s research design and results are similar with the
Cilekrenkli (2019)’s study. The study investigated the fifth graders” RFN perceptions. The
most apparent difference of this study from the previous one is to be conducted only in the
context of the social-institutional categories of the RFN. Experimental and control groups
took place in the study. Pre- and post-tests were implemented to the both of the groups and
interviews were conducted with three of the students in the experimental group (Akbayrak
& Kaya, 2020). While the experimental group took science lessons including social-

institutional categories of science, control group took science lessons with traditional
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methods at the topic of “The Earth, Sun and Moon” (Akbayrak & Kaya, 2020). As a result,
it was found that the experimental group showed higher understanding on social-

institutional categories of science than the control group (Akbayrak & Kaya, 2020).

In addition to the studies with middle school students, university students’ NOS
perceptions within all categories of the RFN were investigated in Akgun and Kaya
(2020)’s research. There were two groups that were separated into the science and non-
science departments in the research. The RFN Questionnaire and interview were used as
data collection methods in the research. Based on the RFN scores of the university
students, interviews were conducted with 15 students from the low, moderate, and high
levels. The results of the study showed that the university students had limited perceptions
about NOS in general (Akgun & Kaya, 2020). Moreover, it was indicated that students
from the non-science departments have higher NOS perceptions than students from the
science departments (Akgun & Kaya, 2020). Some of the studies focusing on the RFN as a
research framework were also conducted to learn pre-service teachers’ views about the

RFN categories.

Kaya et al. (2017)’s research is one of these studies. They implemented 14 weeks
training that includes the RFN categories to the 11 pre-service science and four pre-service
chemistry teachers in the study. The purpose of the study was to determine the perceptions
of the pre-service teachers towards cognitive-epistemic and social-institutional categories
of the RFN before and after the implementation. Therefore, mixed-method approach was
used in the study. Data sources of the research were the NOS Questionnaire and semi-
structured interviews respectively for quantitative and qualitative research designs (Kaya et
al., 2017). In the result of the study, it was found that there is a statistically significant
difference before and after the implementation on the pre-service teachers’ RFN

perceptions (Kaya et al., 2017).

Another teacher education study belongs to Saribas and Ceyhan (2015). They
conducted a study with pre-service science teachers to improve the teaching in the scope of
the scientific practices. The main component of the implementation was Erduran and
Dagher (2014)’s Benzene Ring Heuristic (BRH) showing scientific practices. A lot of

sources that are interviews, lesson plans, students and teachers’ reflections, and lesson
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audio-tapes were used to collect data for the study. The result of the study showed that the
pre-service science teachers’ understandings about scientific practices developed even
though they had some issues in “domain specificity”, “ethics”, and “utility in science”
(Saribas & Ceyhan, 2015).

The benzene Ring Heuristic (BRH) was also used as a main component in Erduran
et al. (2018)’s research. Like in the previous studies, a training was implemented for the
science teacher candidates to make a comparison between before and after the training.
The purpose of the study was to analyze the science teacher candidates’ representations
about scientific practices. It was found that the candidates were inclined to the holistic
representations of scientific practices after the training (Erduran et al., 2018). The findings

were parallel with Saribas and Ceyhan (2015)’s study.

As different from the other studies, Kaya et al. (2020) carried out a comparative
study with Turkish and English prospective science teachers. The study aimed to find the
NOS perceptions of the teacher candidates from the RFN perspective by making
comparison (Kaya et al., 2020). With the help of the discussions in the groups, the teacher
candidates” NOS understandings were analyzed in the research. According to results of the
research, both Turkish and English science teacher candidates showed the limited
perceptions about the social-institutional categories of NOS (Kaya et al., 2020). On the
other hand, it was found that group discussions and using FRA Wheel in discussions had a
positive impact on the participants’ NOS understanding (Kaya et al., 2020). Textbook
analysis in the context of the RFN is another study area that the researchers are interested

in.

BouJaoude et al. (2017) investigated three Lebanese ninth grade science textbooks
from the RFN perspective and gave some advices in their study. Chemistry, life and earth
science, and physics textbooks were analyzed with the help of the content analysis
(BouJaoude et al.,, 2017). The findings of the study showed that none of the RFN
categories were mentioned in the physics textbook. In addition to the physics textbook
findings, it was emphasized that the other two textbooks’ NOS inclusion is limited for
students’ NOS understandings (BouJaoude et al., 2017).
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Park et al. (2020) reached approximately similar findings with BouJaoude et al.
(2017)’s study. They analyzed the tasks in seven Korean high school textbooks based on
the RFN categories in the research. “Guiding to NOS ideas, expanding NOS
understanding, and thinking critically about NOS” are the categories using to separate the
tasks about NOS (Park et al., 2020). According to the findings of the study, epistemic
aspects of the science were emphasized more than the social aspects of the science.

Another textbook analysis was conducted by McDonald (2017). She analyzed the
topic of genetics in four Australian science textbooks in the scope of the extended FRA.
According to the findings of the study, it was found that only three emphases of NOS take
place explicitly in the textbooks and other ones are emphasized implicitly. Moreover, while
scientific knowledge is the only category of extended FRA that took place explicitly in the
textbook analysis, aims and values is the only category of extended FRA that did not take

place in the textbook analysis.

Saym (2021)’s research supported the findings coming from previous textbooks
studies. The aim of the research was to investigate the extent of the RFN in physics,
chemistry, and biology textbooks. She analyzed 12 textbooks for the grades of 9, 10, 11,
and 12. During the data analysis, the new keywords about the RFN categories emerged in
addition to the keywords in the literature. Based on the findings, it was concluded that the
mostly emphasized categories are scientific practices, scientific knowledge, and
methodology and methodological rules, respectively. On the other hand, the categories of

financial systems and political power structures were emphasized barely in the textbooks.

Different from other studies, Okan (2021) investigated science teachers’ RFN
perceptions and conducted textbook analysis. The 57, 6, 7 and 8™ grade Turkish science
textbooks were analyzed in the context of the RFN categories. Also, interviews were
conducted with eight science teachers about the NOS and the NOS Questionnaire was
presented to them. Textbook analysis findings were parallel with the previous studies. This
means that the NOS emphasis in the textbooks was implicit and social-institutional
categories of science took place less than the cognitive-epistemic categories. Furthermore,

the NOS took place mostly in the activity section of the textbooks. For the teacher part of
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the study, it was found that the NOS perceptions of science teachers were high with some

limited explanations in the categories of SP and M (Okan, 2021).

In addition to the textbook content analysis, curriculum content analysis attracts the
attention of researchers who are interested in NOS. However, relatively, there is limited
number of the studies that analyzed curriculum in respect to the NOS. The following
section presents the importance of NOS for science curricula and to what extent NOS takes

place in science curricula by exemplifying with international research.

2.3. Inclusion of Nature of Science (NOS) in Science Curricula

Curricula are at least as important resources for science education as the textbooks.
Even, the content of the textbooks are determined based on the curricula’s content. At the
same time, curricula represent changes in education and these are the mediators among
educational reforms and students. Therefore, curricula shape the teachers’ instruction in the
context of topics, objectives, and time. As a result, students are affected from the curricula
content directly. Furthermore, the curricula are shaped on the government, classroom, and
student level. Respectively, for these levels, “intended (written)”, “implemented (taught)”,
and “attained (achieved)” curriculum appear. The intended (written) curriculum is the
reflection of governments’ educational aims for students’ learning into the written
documents (Cil & Cepni, 2014). In other words, it includes objectives, flow of the course,
and so on (Livingstone, 1986). In the implemented (taught) curriculum, the intended
curriculum is practiced in the classroom with different teaching methods (Phaeton &
Stears, 2016). This means that the teachers’ backgrounds, experiences, attitudes, and views
can change the applications of the written curriculum. Additionally, the using textbooks
and size of the classrooms are the factors that affect the teacher preferences in the
implemented (taught) curriculum (Livingstone, 1986). Lastly, the attained (achieved)
curriculum means the outcomes that students gained after teaching and learning process
(Cil & Cepni, 2014). On the other hand, Connelly and Connelly (2012) say that the
practice of curriculum has low fidelity to the curriculum policy. In other words, there is a
gap among curricula types. Nevertheless, it should be remembered how much the gap

between intended (written) and attained (achieved) curriculum is closed, that much success
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is obtained in education. Penuel et al. (2014) investigated this gap from the perspective of
actor-oriented that means the active impact of a teacher on the purpose of the curriculum

during instruction.

According to McComas and Olson (1998), there is a consensus among several
countries’ standards documents about the inclusion of NOS in school science curricula. In
other words, the inclusion of NOS in science curriculum is an aim to make the students’
more competent about science. Because of that, analyzing science curriculum has a
critically essential in order to learn to what extent NOS is included in science curriculum.
In the literature, there are some curriculum analyses that investigated the inclusion of NOS

in science curricula.

One of the studies aimed to investigate the progression of NOS in the Swedish
curriculum (Leden & Hansson, 2015). Also, the science teachers’ suggestions about NOS
were researched. The curriculum was analyzed based on the Lederman’s six tenets such as
“tentative, empirical, subjective, creative, sociocultural, and models, theories and laws
aspects of NOS” (Leden & Hansson, 2015). According to the findings of the study, a lot of
NOS aspects were mentioned in the Swedish national curriculum, at least implicitly.

However, any progression was not found in the curriculum in terms of NOS.

Ferreira and Morais (2013) analyzed the Natural Science curriculum in Portuguese
middle school in terms of NOS. The two curricular texts of the curriculum that are
“National Curriculum for Basic School-Essential Competences” and “Curriculum
Guidelines for Basic School” were focused on (Ferreira & Morais, 2013). Mixed
methodology that includes quantitative and qualitative approaches was used while
analyzing the curriculum. As a result of the study, it was found that the place of the NOS in
curriculum is limited except for the external sociological dimension of science.
Furthermore, it was stated that intra-disciplinary relationships between scientific and meta-

scientific knowledge are mostly not included in the curriculum.

Olson (2018)’s study includes the investigation of nine science standards
documents from the NOS perspectives. Each of the documents belongs to the different

countries that are Awustralia, Canada, Colombia, Indonesia, Lebanon, Mexico, Thailand,



30

South Africa, and the USA. Olson (2018) who separated the documents into three sections
such as headers, font/back matter, and standards found the number of NOS inclusion as 44,
50, and 18 respectively. Based on the findings, while Australia’s document contains NOS
more than the other countries’ documents, Indonesia’s document does not contain NOS at
all. Furthermore, it was found that the inclusion of NOS in standards was limited to four

documents.

Williams (2018) conducted a case study to explore the development of NOS in the
national science curriculum in between 1988-2010. Curriculum and document analysis, as
well as semi-structured interviews, were used to collect data. The interviews were
conducted with four science teachers in order to learn their teaching experiences that
include the applications of different versions of the science curriculum since 1988. The
findings of the study showed that the limited NOS in the science curriculum causes limited

scientific literacy development.

Erduran and Dagher (2014b) analyzed draft curriculum and assessment documents
different from the other studies. In the study, the Irish documents were analyzed based on
Erduran and Dagher (2014a)’s recently developed FRA to NOS model. There are some
sections such as “physical world, earth and space, materials, and biological world” in the
curriculum and it was found that they include some elements of NOS. However, the
researchers suggested new additions by taking into consideration the cognitive-epistemic

and social-institutional categories of NOS.

Kelly and Erduran (2019) investigated the Irish Junior Cycle science specification
that includes learning outcomes in the context of the aims and values of science. Document
analysis was used during this process and the keywords in Erduran and Dagher (2014a)’s
study were benefited from. They also conducted interviews with two prospective science
teachers and presented a survey in order to learn their views about the aims and values of
science. According to the findings, most of the social aims and values of science did not
take place in this specification. On the other hand, the prospective teachers’ suggestions

about the aims and values of science were found effective.



31

Park et al. (2020a) conducted a different study by using FRA as a conceptual
framework. The study was different from the others because not only the nature of science
(NOS) but also the nature of technology (NOT), engineering (NOE), and mathematics
(NOM) were included into the curriculum documents analysis. This means that “the
Science for All Americans (SfAA)” and “the Next Generation Science Standards (NGSS)”
were analyzed in the scope of epistemic category such as aims and values, methods,
practices, and knowledge of STEM (Science, Technology, Engineering, and Mathematics).
The descriptions and keywords of the FRA categories in Erduran and Dagher (2014a) were
adapted to the STEM in order to be used in this study. The findings showed that only
epistemic categories of FRA do not take place NGSS in the practices of the NOT and
methods of the NOM.

Park et al. (2020b)’s study is similar with the previous study. The science education
standards documents of USA, Korea, and Taiwan were analyzed in the context of the
nature of STEM. Descriptions of all FRA categories that were adapted to the STEM by
Park et al. (2020a) were benefited in the analysis. The findings were depicted as Venn
diagrams showing aims, values, and practices of STEM disciplines. As a result, it was
found that the science aspects were focused on more than the mathematics aspects in the
standards documents. Additionally, the coverage of the nature of STEM disciplines is more
in the USA document.

The inclusion of the NOS in science curriculum was also investigated by Yeh et al.
(2019). This was a case study that examined two Taiwanese science curriculum documents
published in 2006 and 2016. While one of the documents was Science and Technology
guideline for grades 1-9, the other one was the Science guideline for the grades 1-12. The
FRA was used while analyzing the curricula in the context of the NOS (Yeh et al., 2019).
According to the study’s results, the social-institutional categories of the NOS was
emphasized more in the 2016 science guideline when comparing with the 2006 science and
technology guideline (Yeh et al., 2019). This can be meant that the new Taiwanese science
curriculum in 2016 gave more importance to the categories of the FRA.

Moreover, Cheung (2020) conducted a research that investigated Hong Kong

biology curriculum and high-stakes assessments in the scope of the NOS. In the research, it
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was aimed to find the representation of NOS categories in the biology curriculum. When
analyzing the documents, Erduran and Dagher (2014a)’s FRA to NOS version was used as
a theoretical framework. For the Hong Kong biology curriculum, the sections of “learning
targets” and “curriculum emphases” were focused on because the NOS was emphasized in
these sections (Cheung, 2020). The results of the study indicated that the cognitive-
epistemic categories of the NOS were represented more than the social-institutional

categories in the biology curriculum and high-stakes assessments (Cheung, 2020).

As a result, there are some studies that analyze the inclusion of NOS in science
curricula from different perspectives such as the consensus view and the RFN. In this
section, it was mentioned the ones that were conducted as international. As a general, the
findings obtained from these studies showed that the inclusion of the NOS is limited or
implicit in the science curricula. Moreover, in these studies, some sections of the curricula
in the scope of the NOS were usually investigated instead of whole curriculum. This is
because there were limited NOS emphases in the science curricula. Except for the
international curriculum analyses, Turkish science-related curricula were analyzed with the

NOS perspectives. The details are provided in the next section.

2.4. Inclusion of Nature of Science (NOS) in Turkish Science Curricula

The number of the studies that focused on the inclusion of NOS in Turkish science
curricula is relatively low even though science curricula are one of the important
documents that affect the students’” NOS understandings. Furthermore, in Turkey, science
education is presented to the students from 3™ to 12" grades with the national science,
physics, chemistry, and biology curricula. Therefore, the studies about NOS and
curriculum in the literature always investigate the science, physics, chemistry, and biology
curricula. On the other hand, the recent science curriculum (MEB, 2018a) was not

investigated in the context of the RFN that is recent version of NOS.

Izci (2017) examined the Turkish science and technology curriculum and textbooks
in the context of the NOS. The science and technology curriculum that lzci (2017)

analyzed was published in 2006, and it was for the 6, 7, and 8 graders. In that term, the
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middle school consisted of the 6, 7, and 8 grades in Turkey. In the study, the ten aspects of
the NOS (Abd-El-Khalick et al., 2008) were focused by using implicit-explicit approach
(Izci, 2017). In the results of the research, it was found that the reflection of NOS is
inadequate in science and technology curriculum. According to the Izci’s research (2017),
while some of the NOS aspects which are inferential and theory-driven were shown
implicitly, some of the NOS aspects which are scientific theories and laws were not shown

in the 2006 science and technology curriculum.

Ozden and Cavlazoglu (2015) found the similar results with the Izci (2017)’s study
in their research. They investigated the inclusion of NOS in Turkish science curricula.
Qualitative content analysis was used while investigating 2005 science and technology
(Grades 4 and 5), 2006 science and technology (Grades 6, 7, and 8), and 2013 science
curricula (Grades 3-8) (Ozden & Cavlazoglu, 2015). Because the introduction sections of
the 2005 and 2006 curricula were the same, the researchers decided to investigate these
two curricula as whole that named 2005 science and technology curriculum (Grades 4-8)
(Ozden & Cavlazoglu, 2015). The data sources were analyzed in the context of the nature
of science’s definitions, and components. The results of the study indicated that in the
curricula, some of the NOS’s aspects do not take place explicitly, and the emphasis of the
NOS is not enough (Ozden & Cavlazoglu, 2015).

Sardag et al. (2014) worked on the 2013 Turkish physics, chemistry, and biology
curricula at high school level (Grades 9-12). In the study, the objectives in the curricula
were coded by the six researchers based on the NOS aspects. Moreover, explicit-reflective,
implicit, and historical codes were used as approaches while content-generic and content-
embedded codes were used as content relation (Sardag et al., 2014). According to the
results of the study, the NOS emphasis is low in the objectives of the physics, chemistry,
and biology curricula. Even, some of the NOS aspects did not take place in these curricula

such as imagination and creativity.

In contrast to the previous curriculum studies, Yapicioglu (2021) analyzed the
recently developed Turkish science curriculum in 2018. It was aimed to investigate the
science curriculum in the scope of NOS, science process skills, socio-scientific issues, and

Science, Technology, Engineering and Mathematics (STEM). The document was analyzed
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through the document analysis method and it was limited with the outcomes section of the
curriculum. Some of the NOS dimensions that were analyzed were “science as a way of
knowing”, “the tentativeness of scientific knowledge”, “the role of imagination and
creativity in science”, “subjectivity in science”, “theory and laws as a type of scientific
knowledge”, “scientific prediction and theoretical assumptions”, and so on (Yapicioglu,
2021). It was found that while the grade level increases, using NOS dimensions increases.
However, as a general, limited NOS inclusion in the science curriculum was found. In
addition to the place of the previous NOS perspectives on Turkish curricula, the inclusion

of the RFN in science curriculum was also analyzed in the Turkish context.

Kaya and Erduran (2016a) analyzed the Turkish 2006 and 2013 science curricula.
While the 2006 science curriculum is for the grades 6-8, the 2013 curriculum is for the
grades 3-8. In the study, a new terminology was used for the Erduran and Dagher
(2014a)’s FRA to NOS that is “Reconceptualized FRA-t0-NOS (RFN)” (Kaya & Erduran,
2016a). Therefore, the science curricula were investigated in the context of the RFN
categories. The researchers used Erduran and Dagher (2014a)’s FRA to NOS definitions
by producing codes for the curriculum analysis (Kaya & Erduran, 2016a). In this study, the
focus is on the occurrence of the RFN categories rather than the frequency of the
categories. The results of the study indicated that both of the science curricula include the
cognitive-epistemic categories of the science (Kaya & Erduran, 2016a). However, the
science’s social-institutional categories in the science curricula are underemphasized (Kaya
& Erduran, 2016a). Moreover, the results of the Turkish science curricula were compared
with the USA and Ireland in the research. According to the results, in the social categories
of the RFN, 2013 Turkish science curriculum refers more categories when it was
comparing with the 2013 USA and 2015 Ireland curricula (Kaya & Erduran, 2016a).

Kaya and Erduran (2016b) investigated Turkish science and chemistry curricula
were published in 2013. The purpose of the study is to determine which categories of the
RFN are focused on the 2013 science and chemistry curricula. By analyzing the data
sources, the researchers took into consideration of the categories’ definitions that were
defined by Erduran and Dagher (2014a). The results of the curriculum analysis were
presented for each category of the RFN. It was found that the social context of science

does not present adequately in the 2013 science and chemistry curricula. Additionally, the
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results show that the categories of aims and values, and social organizations and
interactions only take place in the science curriculum. On the other hand, scientific
methods, scientific practices, scientific knowledge, social certification and dissemination,
and social values categories are mentioned in both of the curricula (Kaya & Erduran,
2016b).

To sum up, the analyses of Turkish science curricula in terms of previous and
recently developed NOS perspectives exist in the literature. While some of the studies
included several curriculum analyses, some of them included only one curriculum analysis.
Approximately similar results with the international NOS curriculum analyses were found.
This means that most of the NOS aspects do not take part in the Turkish science curricula.
Furthermore, based on the RFN studies’ findings, social-institutional categories were
emphasized less than cognitive-epistemic categories in most of the studies. On the other
hand, like in the international curriculum analysis, in some of these studies, only some
sections of the curriculum were analyzed. Even though the recently developed Turkish
science curriculum was analyzed before, the study’s theoretical framework was not depend
on the RFN.

2.5. Teachers’ Views of Nature of Science (NOS)

A written curriculum may not be sufficient in order to achieve expected results
(Doganay & Sari, 2008). To achieve expected results, one of the important elements is
teachers (Ozturk, 2012). Because each teacher implements the curriculum differently,
teachers’ views of NOS are important as far as the curriculum. When teachers have
competent NOS understandings, they can transfer their knowledge to the students in some
extend. Herman et al. (2013) found that NOS might be implemented in classrooms with the
help of an intensive teacher education program. Nawaz and Akbar (2019) supported this
idea by emphasizing the importance of professional development in curricular practices. In
the literature, there are some studies that reveal the teachers” NOS views or the effects of
training on teachers’ NOS understandings. In some studies, there is a comparison among

different demographic information of teachers in the context of the NOS. Moreover, the
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studies that were conducted with teachers are in accord with the studies that were

conducted with pre-service teachers to a great extent.

Mihladiz and Dogan (2014) conducted a study with eight teachers to learn NOS
views of science teachers. Additionally, they examined science teachers’ views of NOS in
science teaching. The data were obtained from individual interviews that include a semi-
structured questionnaire. The findings showed that there are some naive views in the
context of the scientific methods, types of scientific knowledge, and social aspects of
science. Furthermore, Mihladiz and Dogan (2014) stated that science teachers’ views were

limited while explaining NOS in science teaching.

Vazquez-Alonso et al. (2013)’s research is one of the studies that investigated the
NOS thinking of science teachers. 494 prospective and 280 in-service Spanish science
teachers attended this research and “Opinions about Science, Technology and Society
Questionnaire” was used as an instrument. The results stated that science teachers’ NOS
conceptions are adequate with some issues. These issues are about the teachers’
misconceptions and inappropriate conceptions in the topic of the NOS. To deal with the
inadequate NOS conceptions, some studies provided professional development programs

and evaluate their effects on teachers.

Kartal et al. (2018) conducted a study that evaluates the effectiveness of Continuing
Professional Development (NOS-CPD) program on 18 science teachers” NOS views. The
program lasted a yearlong and data was collected through pre and post interviews. The
results of the study showed that the NOS-CPD has an impact on the teachers” NOS views
positively (Kartal et al., 2018). Moreover, it was found that while naive NOS views of the

teachers decrease, informed NOS views of teachers increase.

Buxner (2014) also assessed the findings of a development program like in Kartal
et al. (2018)’s study. In this study, 43 science teachers’ NOS and scientific inquiry
understandings were researched as a result of science research programs. Many data
collection techniques such as open-ended surveys, long-term surveys, interviews, focus

groups, observations, and field notes were used. The findings of the study stated that
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research experiences in the program lead teachers to improve NOS and scientific inquiry

on a small scale.

Irez et al. (2018)’s research purpose is to determine science teachers’ competence
while identifying NOS aspects in educational critical scenarios (ECS). ECS are related to
the socio-scientific issues such as global warming, dinosaurs, and so on. The data was
collected from 15 science teachers through interviews and an open-ended questionnaire
after a professional development program (Irez et al., 2018). The findings stated that after
the professional development program, science teachers have informed conceptions in
most of the NOS aspects. On the other hand, most participants did not transfer them into
the ECS. As a result, it was emphasized that the informed NOS conceptions are not enough

to apply them in the implementation of teaching.

Similar finding was also emphasized in Lederman (1999)’s study. According to the
Lederman (1999)’s study, teachers’ NOS understandings do not affect the implementation
of NOS in classrooms. The study was conducted with five biology teachers by using
different data collection tools such as interviews, questionnaires, classroom observations,
and lesson plans. The results showed that NOS views of teachers are parallel with the
education reforms. However, they do not include the NOS into their instructions as a

purpose.

Another study investigated the relationship between science teachers” NOS
understandings and classroom instructions (Kurup, 2014). In the study, there were two
groups who one of them attended an explicit professional development program about
NOS. Data collection sources were a questionnaire, semi-structured interview, and
classroom observation. In the study, some domains of the science such as scientific
method, scientific knowledge, social aspects of science, and so on were taken into
consideration. The findings represented that the explicit professional development program
affected the teachers” NOS understandings and classroom instructions positively in some
NOS categories. However, there were still challenges that teachers experienced in the
domain of “the socio-cultural aspects of science, theories and laws, and the role of

imagination in developing scientific knowledge” (Kurup, 2014).
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Saif (2016) conducted a study that aims to find science teachers’ NOS views. 83
science teachers were selected randomly from Najran, Saudi Arabia. A questionnaire that
includes five aspects of NOS such as scientific theories and models, role of scientists,
scientific knowledge, scientific method, and scientific laws was presented to the teachers.
According to the informed conception results of the teachers, no significant difference
between male and female science teachers was found (Saif, 2016). As a general, it was

determined that Saudis science teachers have uninformed conceptions about NOS.

Karaman (2017) used a questionnaire including five sub-sections to learn the
teachers’ views on NOS as well. Moreover, the theoretical framework of the research was
based on the consensus view of NOS. He investigated the effects of some demographic
variables such as teaching discipline, gender, education level, teaching experience, and
work location on teachers’ NOS views. 647 elementary, science, and physics teachers
attended to this survey research in the context of an astronomy science camp project. The
results of the study showed that gender and education level do not cause a significant
difference in teachers’ scores. On the other hand, in some sub-sections of the
questionnaire, significant differences were found based on the teaching discipline, teaching

experience, and work location (Karaman, 2017).

Another study that investigated the NOS beliefs of the teachers in the context of the
different variables was conducted by Altundas (2021). The researcher focused on the
teachers who visited the science center. "Nature of Science Beliefs Scale” was used to
collect data from the 304 teachers by taking into consideration the gender, school type,
experience, and branches. The only statistically significant difference was seen in the sub-
factor of the “scientific knowledge change” based on the gender variable in contrast to Saif

(2016) and Karaman (2017)’s studies. This difference was in favor of the female teachers.

Aliyazicioglu (2012) investigated the NOS perceptions of teachers from different
branches. Because the study was conducted in an Anatolian high school, it is a case study.
The number of the participants is nine teachers and the data collection instruments are
interviews and classroom observations. In the observations, it was expected that
participants design and apply one-hour experimental lecture. Some of the themes that were

used in the data analysis are the definition of science, aim of science, interaction between
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science and society, scientific methods, and tentativeness of science (Aliyazicioglu, 2012).
Philosophy teacher has a highest NOS perception. On the other hand, science related
branch teachers such as biology, physics, and chemistry teachers’ perceptions are in the

low rank even though the science is a main topic.

Azninda et al. (2021) investigated science and non-science teachers’ NOS views by
using the RFN framework. Both the RFN Questionnaire and interviews were used as
instruments in the study. According to the quantitative data results came from the RFN
Questionnaire, there is no significant difference between the science and non-science
teachers based on the NOS views (Azninda et al., 2021). On the other hand, in the
interviews, it was realized that social-institutional categories of science were not explained

well even though there are high scores in these categories (Azninda et al., 2021).

Aksoz (2019) also carried out a mixed study like in Azninda et al. (2021)’s study.
The sample of the study is the teachers from science, physics, chemistry, and biology
departments. The purpose of the study was limited to the teachers’ aims and values and
social-institutional aspects of the RFN understanding (Aksoz, 2019). The research design
of the study is the explanatory sequential mixed method including the questionnaire and
interview (Aksoz, 2019). The quantitative data results showed that the teachers’ scores on
questionnaire did not have a significant difference based on the variables that are teaching
branches, teaching experiences, school types, and educational status (Aksoz, 2019).
Moreover, qualitative results represented that teachers had insufficient NOS understanding
(Aksoz, 2019).

Demirel (2021) conducted a study about science teachers’” NOS views in the
context of the RFN. In addition to the NOS views, science teachers’ views about the
integration of the RFN into the science lectures, and the place of the RFN into the science
curriculum were focused in the study. Semi-structured interviews were conducted with 13
science teachers working in public and private schools, and were analyzed by using the
qualitative content analysis. General codes and sub-codes about all categories of the RFN
were created. The general codes are “meaning, curricular emphasis, and integration to
instruction”. Findings of the study indicated that graduate student teachers have more

informed views about NOS (Demirel, 2021). Moreover, it was found that while teachers
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who were dealt with NOS add the NOS into their instructions, teachers who have limited

NOS understanding did not make connections with the curriculum.

As a result, there are a lot of studies that analyzed the teachers’ NOS views.
However, the number of studies conducted with teachers from the RFN perspective is rare.
As a data collection instrument, questionnaires and interviews were usually used.
Moreover, in most of these studies, the relationship between teachers’ NOS views and their
demographic information such as branch, experience, school type, educational status,
gender, work location, and so on were looked at. Mostly, no difference was found between
demographic information in the context of the teachers’ views on NOS. On the other hand,
as a general, it was indicated that the teachers’” NOS views are limited in the studies.
Therefore, there are some studies that assessed the teacher development programs
effectiveness in the context of the NOS. In these studies, it was usually found that the

teachers’ NOS views increase after the programs.

2.6. Teachers’ Curriculum Imple me ntations

In the previous sections, the studies about NOS in science curricula and teachers’
views of NOS were presented. In addition to these, this section presents how curriculum
and teachers are related to each other by mentioning curriculum implementation studies in
the literature. The Oxford dictionary (n.d.) defines implementation as “the act of making
something that has been officially decided start to happen or be used”. In an educational
context, the person who acts based on the officially decided curriculum is the teachers and
they design their teaching and learning activities based on the curriculum. In other words,
teachers are the implementors of the curriculum in the classrooms. Therefore, teachers are
one of the critical components of curriculum implementation (Tokgoz, 2013). Student,
subject, and social context can be shown as the other critical components (Tokgoz, 2013).
According to Roehrig et al. (2007)’s study, school support is another factor affecting
curriculum implementation in addition to the teaching beliefs. This means that these
components can affect how the curriculum is implemented in classrooms. Moreover, the

literature showed that the difference between theory and practice appears in the usage of
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the national curriculum (Tokgoz, 2013). This can be a result of teachers’ practices of the

curriculum.

Kaya et al. (2012) conducted a phenomenological study that examines curriculum
implementations of teachers. The participants of this study are seven chemistry teachers
working in Turkey. A semi-structured interview including 17 questions were used as an
instrument and data was analyzed by content analysis. The findings of the study showed
that the teachers see the curriculum as the main document when they plan lessons because
it includes lesson subjects and timeline (Kaya et al., 2012). Additionally, it was found in
the study that some internal factors such as teaching experience affect the implementation
of the curriculum. It was concluded that when the teachers have more teaching experience,

they implement the curriculum efficiently.

Another phenomenological study was conducted by Tokgoz (2013). She aimed to
examine teachers’ perceptions and implementations of the social studies curriculum. First
of all, semi-structured interviews were conducted with 30 teachers. Then, 10 teachers were
observed in the classroom and were interviewed. In conclusion, it was found that the
teachers’ perceptions and understandings of the curriculum affect the implementation of
the curriculum (Tokgoz, 2013). Additionally, three types of teacher groups such as

“curriculum followers”, “curriculum extenders”, and “curriculum adapters” were generated

based on the transformation the curriculum.

Roehrig et al. (2007)’s study focused on the effects of teachers’ beliefs on the
implementation of the reform-based curriculum. The data were collected from 27
chemistry teachers by conducting interviews and making observations. As similar to
Tokgoz (2013)’s study, three teacher groups which are “inquiry teachers”, “mechanistic
teachers”, and “traditional teachers” were generated in order to categorize the beliefs of the
teachers. It was found that teaching beliefs of teachers shape the implementation of the
curriculum. For instance, mechanistic teachers applied all aspects of the curriculum as they
are to their lessons, while inquiry teachers applied the curriculum by giving importance to
the interaction. Quantitative results of the study also showed a statistically significant
relationship between teaching beliefs and curricular implementations (Roehrig et al.,
2007).
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Atila and Sozbilir (2016) investigated how teachers practice constructivist
principles in the science and technology curriculum. Participants of the study are seven
science and technology teachers. The implementations of the teachers were observed by
using an observation form. The findings showed that the curriculum is practiced different
from the written curriculum. Furthermore, it was indicated that only 1,7 % of the behaviors
were depicted by the teachers as an example of constructivist principles (Atila & Sozbilir,
2016).

Karabacak and Kurum-Yapicioghi (2020) carried out a study that examines the
accordance between the written and implemented English curriculum. Many data
collection tools such as questionnaires, semi-structured interviews, and diaries were used in
the study. The participants of the study were English teachers working in primary schools.
Descriptive statistics and inductive analyses were conducted for quantitative and
qualitative data, respectively. The findings showed that even though the teachers practiced
content and objectives in the curriculum, they did not practice all teaching-learning
processes and evaluations (Karabacak & Kurum-Yapicioglu, 2020). Teachers’
competencies in the profession were seen as one of the reasons for discrepancies in the

implementation.

To sum up, the studies in the literature show that the curriculum implementation
changes from teacher to teacher. In the studies, interviews and observations were mostly
used to be able to collect data. According to the findings of these studies, teachers’
experiences, beliefs, professional competencies, and curriculum perceptions and
understandings are some of the reasons that affect their curriculum implementations.
Teachers’ engagement with the curriculum might be improved by starting to determine
their views of the curriculum. Thus, concrete steps can be taken for curriculum

implementation.

2.7. Summary of the Literature Review

The NOS is a highly popular topic in science education. Therefore, there are many

studies that investigated the NOS from different perspectives in the literature. Some of the
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perspectives are “Consensus View” (Abd-El-Khalick & Lederman, 2000), “Whole
Science” (Alichin, 2011), “Features of Science” (Matthews, 2012), and ‘“Family
Resemblance Approach (FRA) to NOS” (Irzik & Nola, 2011). Moreover, there is a recent
perspective that is the “Reconceptualized Family Resemblance Approach to Nature of
Science (RFN)” that was adapted from FRA to NOS by Erduran and Dagher (2014a) and
named by Kaya and Erduran (2016a). The RFN has 11 categories including the cognitive-
epistemic and social-institutional aspects of the science. It is a holistic framework and so it
causes a comprehensive understanding for science. Moreover, the RFN is a pedagogical
framework that can be applied in classroom. Therefore, it makes students’ NOS

understanding easier.

Studies related to the RFN were mostly conducted with middle school students,
high school students, pre-service teachers, and textbooks. On the other hand, curriculum
analysis and teachers’ views in the context of the RFN are in limited number. However, the
inclusion of the RFN in the science curriculum is significant for students’ NOS
understandings. Moreover, because teachers apply the curriculum in the classroom, their
views on NOS should be considered as well (Azninda et al., 2021). According to the
conducted international and national curriculum analysis studies’ findings, it was usually
found that the inclusion of NOS is rarely or implicitly mentioned (e.g. Ferreira & Morais,
2013; Izci, 2017; Yeh et al., 2019). Moreover, while analyzing several science curricula,
only some sections were taken into consideration in the literature. On the other hand, in
this research, whole sections in the recent Turkish science curriculum were analyzed based
on the whole RFN categories. Additionally, another purpose of this study is to explore
science teachers’ views on the RFN and science curriculum. Because the study
investigated NOS from two sides which are curriculum and teachers, it is separated from
the literature. In the literature, it was usually found that the teachers have narrow NOS
views (e.g. Aksoz, 2019; Azninda et al., 2021). Moreover, to cope with this problem, it
was conducted studies that evaluated the teachers’ NOS views after the teachers attended
professional development programs. Most of the time, these programs were found effective
for the teachers” NOS views according to the studies in the literature (e.g. Buxner, 2014,
Kartal et al., 2018). There are also studies that show the importance of the teachers in the

curriculum implementations. According to these studies, curriculum implementations
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change from the written curriculum because of the teachers (e.g. Tokgoz, 2013; Roehrig et
al., 2007).
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3. METHODOLOGY

In this chapter, the methodology of the study is explained in detail. The
methodology chapter consists of the research design, research context, data sources,

instrumentation, data analysis, trustworthiness, and permission and ethical considerations.

3.1. Research Design

A qualitative research design was used in the study in order to explore the inclusion
of the RFN in the science curriculum. Furthermore, a qualitative research design helped to
explore science teachers’ RFN and curriculum views. To support the interview data, the
RFN Questionnaire results of the science teachers were also taken into consideration.
Respectively, research design techniques that are used for the curriculum and teachers are

explained below.

The qualitative research design was preferred both for the curriculum and
participant sections of the study. Qualitative research includes gathering, analyzing, and
interpreting non-numerical data in order to understand a phenomenon in a deep way (Mills
& Gay, 2016). One of the sections of the study aims to investigate the inclusion of the RFN
in the Turkish science curriculum, while the other section aims to investigate science
teachers’ views about the RFN and curriculum through interviews. Because the curriculum
document and interview data are non-numerical data, qualitative research is the design of

the study.

Content analysis as one of the qualitative research design techniques was used to
analyze the inclusion of the RFN in the Turkish science curriculum (MEB, 2018a).
According to Krippendorff (2004), the meaning of content analysis is to make inferences
from written materials by paying attention to replicability and validation of inferences.
Additionally, the thematic analysis was used as another qualitative research design
technique while analyzing the interviews of science teachers. According to Braun and

Clarke (2006), thematic analysis is “a method for identifying, analyzing, and reporting
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patterns (themes) within data” (p.6) and it helps to organize and explain large data
minimally. In addition to the qualitative research design, the RFN levels of science
teachers were measured through the RFN Questionnaire to support the data coming from

the science teachers’ interviews.

3.2. Research Context

The Turkish science curriculum was analyzed in the scope of the RFN. Moreover,
the interviews were conducted with the science teachers working in Turkey to understand
their RFN and curriculum views. Additionally, the RFN Questionnaire was given to the
science teachers in order to measure their RFN understanding levels. In the section of the
research context, first of all, information about the Turkish national education system is
provided to learn the research context well. Then, the places of the science-related courses
and teachers who have a science-related teaching branch in the Turkish education system
are mentioned. Lastly, the structure of the Turkish science curriculum which was

developed by the National Ministry of Education in 2018 was explained generally.

The structure of the Turkish national education system consists of formal and non-
formal education (OGM, 2015). While formal education involves preschool, primary
school, middle school, high school, and higher education, non-formal education involves
the educational activities along with the formal education or out of formal education
(OGM, 2015). Additionally, formal education is given regularly to individuals at a specific
age under the roof of a school with the help of national curricula. In Turkey, the 4+4+4
education system was accepted in 2012 (OGM, 2015). After this system, compulsory
education begins at six years old and lasts 12 years consisting of four years for primary
school, four years for middle school, and four years for high school (OGM, 2015). The
context of the study consists of formal education of some parts of primary school (Grades
3-4) and the entire middle school (Grades 5-8). Students at these levels are between the

ages of eight and 13 because science education starts to be given in the 3" grade.

Turkey’s national education system includes science-related courses during

compulsory education from primary school to high school. Science-related courses are
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science, physics, chemistry, and biology. For the different science-related courses and
levels, there are specialized teachers who were graduated from the education faculty of
universities. Moreover, persons who were graduated from faculty of arts and sciences can
work as a teacher after taking a pedagogical formation. The science courses start to be
given to the 3® and 4™ graders in primary school by primary school teachers. In between
5" and 8" grades, science education is given to the students with specialized science
teachers. Then, in high school from the grade of 9™ to 12", science course is separated into
physics, chemistry, and biology and these lectures are given by the teachers who were
graduated from the related departments of education or arts and sciences faculties. The
given weekly science courses are three and four hours respectively for primary school and
middle school students. In addition to the compulsory science courses, it can be given two

hours of science courses in the context of science application courses.

The Turkish national science curriculum is the common document for primary and
middle schools. The total page number of the science curriculum (MEB, 2018a) is 58. The
science curriculum includes some common and different sections for primary and middle
school levels. ‘“National Ministry of Education curricula, aims of the curricula,
perspectives of the curricula, assessment and evaluation approach in the curricula,
individual development and the curricula, result, special aims of the curriculum, field-
specific skills in the curriculum, practices of science, engineering, and entrepreneurship in
the curriculum, and matters to be considered in the application of the curriculum” are the
common sections for both levels (MEB, 2018a). The section of National Ministry of
Education curricula emphasizes the philosophy of the science-related curricula. According
to this section, the curricula were prepared by considering the personal differences and
aiming to gain values and skills (MEB, 2018a). Moreover, the curriculum gives importance
to grow up individuals who are a problem-solver, critical thinker, entrepreneur, knowledge
builder and knowledge user, and so on (MEB, 2018a). In addition to the common sections
in the curriculum, the section of “structure of the curriculum” differentiates in each grade.
The context of the study consists of the recent Turkish science curriculum and science
teachers in Turkey. More information was given in the data sources section including the

Turkish science curriculum and participants.



48

3.3. Data Sources

In the study, there are two data sources that are curriculum which is the recently
developed Turkish science curriculum (MEB, 2018a) and participants who are science
teachers working in Turkish middle schools. Respectively, the Turkish science curriculum

and participants were explained as data sources of the study.

3.3.1. Turkish Science Curriculum

The main data source of the study is the science curriculum (MEB, 2018a) of the
Turkish National Ministry of Education. It was selected purposively because the science
curriculum was renewed in 2018 and this is the current version that has been using in
schools from that time. The Turkish science curriculum was prepared for the primary
school (Grades 3, 4) and middle school (Grades 5, 6, 7, 8) students (MEB, 2018a). It
consists of 58 pages. As already mentioned, the science curriculum has some common
sections for the primary school and middle school. These sections are “National Ministry
of Education curricula, aims of the curricula, perspectives of the curricula, assessment and
evaluation approach in the curricula, individual development and the curricula, the result,
special aims of the curriculum, field-specific skills in the curriculum, practices of science,
engineering, and entrepreneurship in the curriculum, and matters to be considered in the
application of the curriculum” as seen in Figure 3.1 (MEB, 2018a). The names of the

sections were taken directly from the curriculum itself.

In the National Ministry of Education curricula section, it is mentioned that the
science-related curricula focus on the metacognitive abilities, meaningful and permanent
learning, relationship with previous learning, multidisciplinary, and daily life relations by
integrating them in the scope of the values, skills, and competencies (MEB, 2018a). The
section about the aims of the curricula identifies the different aims for the end of preschool,
primary school, middle school, and high school (MEB, 2018a). The main aim of the
science curriculum is to grow up scientifically literate individuals and it has 10 other
special aims. The science curriculum also includes the field specific skills that are

scientific process skills, life skills, engineering and design skills. Moreover, the science
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curriculum gives importance to the practices in science, engineering and entrepreneurship.
In this way, students are expected to follow the stages of problem finding, product
developing, and product presenting (MEB, 2018a). Another section mentions the matters
that should be considered during the implementation of the science curriculum by giving

teacher-student roles, and adopted strategies and methods (MEB, 2018a).

Turkish Science Curriculum

S

National ministry of education curricula (p.4) /

Aims of the curricula (p.4)

\ T Theresult (p8)

Special aims of the curriculum (p.9)

<

Perspectives of the curricula (p.5-) Field-specific skills in the curriculum (p.g-10)

Assessment and evaluation approach in the curricula (p.7) Structure (p.12-54) Practices of science, engineering, and entrepreneurship in the
curriculum (p.10)

Individual development and the curricula (p.7-8) Matters to be considered in the application of the curriculum
(p.10-11)

Figure 3.1. The Sections of the Turkish Science Curriculum.

The differentiation about the science curriculum takes place in the structure section
of the curriculum. In the structure section, there are three sub-sections. One of them is the
tables for grades 3-8 that show units, subjects, objective numbers, foreseen lecture hours,
and percentages (MEB, 2018a). The second sub-section includes the numbers and sizes of
the 39 4™ 5™ 6™ 7 and 8" grade science textbooks (MEB, 2018a). In the last sub-
section, the tables are explained by giving related-objectives and concepts in addition to
units, subjects, and foreseen lecture hours (MEB, 2018a). In each grade from 3 to 8, the
same subjects are shown with the same order but different contents. In other words, the
science curriculum is a spiral curriculum. The subjects that take place in the science

curriculum are “Earth and Universe”, “Living Things and Life”, “Physical Events”, and
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“Matters and Its Nature” (MEB, 2018a). In the science curriculum, the subjects of “Earth
and Universe” and “Matters and Its Nature” take place one time in each grade levels. On
the other hand, the subject of “Living Things and Life” takes place two times while the
subject of “Physical Events” takes place three times in each grade levels. Additionally, the
objectives have a noticeable place in the Turkish science curriculum. Therefore, some
numbers were assigned them. Figure 3.2 shows how the objectives were named by giving
an example from the curriculum. The first letter means the first letter of science course in
Turkish. Also, grade level, unit number, subject number, and objective number are
indicated, respectively. The total objective numbers are 36, 46, 36, 59, 67, and 61
respectively for 39 4" 5" 6" 7" and 8" grade levels. This means that the science

curriculum includes more objectives in 7" grade level.

Course code Unit number Objective Mumber
F. 3. 1. 1. 1.
Grade level Subject Number

Figure 3.2. The Depiction of an Objective in the Turkish Science Curriculum.

3.3.2. Participants

The sample of the study is teachers who are working in Turkey. 10 science teachers
were selected for the study. Science teachers were selected with purposeful sampling that
is one of the non-random sampling strategies. According to Mills and Gay (2016), non-
random sampling is a kind of sample selection that is determined without a chance or
probability from a population. On the other hand, purposeful sampling is a sample
selection type that is thought to show the population’s characteristics. In purposeful
sampling, the sample is selected in terms of the determined criteria (Mills & Gay, 2016).

For the study, one of the criteria is to become a science teacher. Additionally, variety in
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gender, teaching experience, school type, and educational status were considered while
determining the participants of the study. Five science teachers from Public Schools (PU)
and five science teachers from Private Schools (PRI) were selected. In this way, it was

aimed that the science teachers in the study represent to the large spectrum.

Table 3.1 shows the demographic information of the science teachers who are
participants of the study. In the study, six teachers are female while four teachers are male.
Teaching experiences of teachers are in between one year to 21 years. Moreover, the
educational statuses of teachers are bachelor’s degree (f=6), graduate student (f=2),
master’s degree (non-thesis) (f=1), and doctoral student (f=1). The data was collected from
the science teachers between November 2021 and January 2022. Firstly, the permission
from Bogazici University Research Ethics Sub-Committee (see Appendix A) was taken to
guarantee the ethical considerations. Additionally, before gathering data from the science
teachers who were selected purposively, an informed consent form had taken (see
Appendix B) from them. With the help of the informed consent form, science teachers had

information about the aims of the study and their rights in the study.

Table 3.1. Demographic information of the participants.

Participant | Gender Teaching School Type Educational Status
Number Experience

1 Female 2 Private Graduate Student
2 Female 2 Public Bachelor’s Degree
3 Female 13 Private Bachelor’s Degree
4 Female 1 Public Bachelor’s Degree
5 Female 5 Private Master’s Degree (Non-thesis)
6 Male 2 Public Graduate Student
7 Female 12 Public Doctoral Student
8 Male 7 Private Bachelor’s Degree
9 Male 7 Private Bachelor’s Degree
10 Male 21 Public Bachelor’s Degree
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3.4. Instrumentation

In the study, the Turkish science curriculum was investigated through content
analysis. Moreover, some data collection tools such as the semi-structured interview
protocol and the RFN Questionnaire were used in the study to collect data from the science
teachers. While the semi-structured interview protocol provides to understand science
teachers” RFN and curriculum views, the RFN Questionnaire provides to determine the
level of the science teachers’ RFN understandings. Respectively, the semi-structured

interview protocol and the RFN Questionnaire are explained.

3.4.1. Semi-Structured Interview Protocol

Interviews with the science teachers were conducted to explore their views of the
RFN and the inclusion of the RFN in the science curriculum. According to Creswell
(2012), in the interviews, participants are asked open-ended questions. Therefore, 29 open-
ended questions that include the demographic information, nature of science, and
curriculum issues were prepared for the interviews of the science teachers (see Appendix
C). These questions were asked through an online platform that is Zoom Meeting. With the
help of the online platform, science teachers became more accessible. Also, it is thought
that the teachers feel more comfortable while they are explaining their views. After their
permission, the answers of the science teachers were recorded by the researcher via using

an audio recorder. Then the researcher transcribed all audio recordings.

The numbers of the questions are 4, 14, and 11 for the questions of demographic
information, nature of science, and curriculum issues respectively. Some of the questions
were adapted from the previous RFN related studies (e.g. Akgun, 2018; Cilekrenkli, 2019;
Kaya et al., 2019) to the study. As demographic information, the teaching discipline,
teaching experience, type of school, and educational status were asked to the participants.
Moreover, the questions about the nature of science specifically consist of all RFN
categories while the questions of the curriculum issues consist of the inclusion of the RFN
on the science curriculum and implementations. Cognitive-epistemic and social-

institutional aspects of science questions take place in the interview questions related to
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nature of science. Some of the interview questions are; “What do scientific practices mean?
What examples of scientific practices can you give?”, “What do you think social
organizations and interactions mean? Where can scientific knowledge be produced?”, “Are
there any emphases on the nature of science in the science curriculum? If any, which
components were highlighted?”. The last questions about the curriculum include five
quotations from the Turkish science curriculum. It was considered to select that the
quotations show different RFN categories. Thus, three of the quotations were selected from
the main purposes of the science curriculum while two of the quotations were selected
from the objectives. The first quotation that is “In the process of discovering nature and
understanding the relationship between human-environment, adopting scientific process
skills and scientific research approach and producing solutions to the problems
encountered in these fields” (MEB, 2018a, p.9) refers to the AV, SV, and SP categories.
The second quotation that is “To help understand how scientific knowledge is created by
scientists, the processes that this knowledge goes through and how it is used in new
research” (MEB, 2018a, p.9) refers to SK and M categories. The third quotation that is “To
ensure the adoption of universal moral values, national and cultural values and scientific
ethical principles” (MEB, 2018a, p.9) refers to SV and SE categories. The fourth quotation
that is “Presents the observation results of a plant's life cycle. It is expected to monitor the
development of a plant for a certain period of time and to record the observation results”
(MEB, 2018a, p.18) refers to SP, SCD, and PA categories. The last quotation that is
“Discusses the importance of conscious and efficient use of electrical energy in terms of
family and national economy. The studies carried out by official institutions and non-
governmental organizations in our country on energy efficiency and the things to be done
in terms of electrical energy use are stated” (MEB, 2018a, p.54) refers to SP and SOI

categories.

The interviews lasted between 40-60 minutes according to the participants’ pace.
For the content validation of the questions in the interview, two pilot studies were
conducted with science teachers before the main interviews. After the pilot studies, there
was no need to make changes in the questions because the questions were understandable
for the pilot participants. These studies became beneficial for the researcher to make
practice before the actual interviews. Additionally, an expert opinion was taken for the

validation of questions in the interview.
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3.4.2. RFN Questionnaire

The RFN Questionnaire (see Appendix D) was used in the study in order to support
the data coming from the science teachers’ interviews. Therefore, the RFN Questionnaire
was presented to the science teachers after the interviews through a social media tool that
IS WhatsApp. This is because of protecting the teachers from any bias and impact about the
study. Otherwise, teachers’ comments in the interviews can be affected from the items in
the questionnaire. The RFN Questionnaire is used to find the NOS levels of science
teachers. The RFN Questionnaire was developed by Kaya et al. (2019) and consists of 70
items. Table 3.2 shows the categories of the items, item examples, number of items
dedicated to the RFN category and positive and negative items reference in the
questionnaire. The questionnaire includes all categories of the RFN that are the cognitive-
epistemic and social-institutional aspects of science. The numbers of items are 7, 13, 9, 9,
16, and 16 respectively for the categories of aims and values, scientific practices, scientific
methods, scientific knowledge, social-institutional aspects, and educational applications.
The items in the questionnaire are in the type of 5 points Likert scale. This means that the
participants answered the items by selecting “lI= Totally disagree, 2= Disagree, 3= Not
sure, 4= Agree, 5= Totally agree”. Some of the items in the RFN Questionnaire have
negative meaning. Therefore, these were coded as the reverse of the positive items. This
means that the coding was “5= Totally disagree, 4= Disagree, 3= Not sure, 2= Agree, 1=
Totally agree”. Therefore, while the lowest score is 70, the highest score is 350 for the
questionnaire results. While the positive item numbers are 49, the negative item numbers
are 21 in the questionnaire. Some of the positive items are; “The diversity of scientists
solving a problem means less biased results” and “Each branch of science has a different
nature”. On the other hand, some negative items are; “All scientific disciplines such as
physics, biology and chemistry use the same scientific method” and “Scientific knowledge
does not change”. The items in the questionnaire were transferred to the Google forms and
the link of the questionnaire was shared with the science teachers via WhatsApp.
Answering the RFN Questionnaire lasts approximately 20 minutes. Kaya et al. (2019)
found the Cronbach alpha as 0.8 for the reliability of the questionnaire. Moreover, two
experts in science education field controlled the items’ suitability and gave feedback (Kaya
et al., 2019). Then, the changes in the items were made in order to provide the content

validation of the questionnaire (Kaya et al., 2019).
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Table 3.2. Positive and negative items in the RFN Questionnaire. Source: [Kaya et al.,

2019, p. 30].
Number of Item reference in
Category Example items questionnaire
dedicated
to RFN Positive Negative
category
Aims and The diversity of scientists 2, 20, 40, 46, 56
values solving a problem means less 7 51, 69
biased results
(Positive item)
Scientific Each branch of science has a 4,5, 15, 19, | 26, 52, 64
practices | different nature (Positive item) 13 23, 33, 38,
57, 61, 63
Scientific | All scientific disciplines such as 11, 22, 24, | 8, 25, 37,
methods | physics, biology and chemistry 9 28 49, 60
use the same scientific method
(Negative item)
Scientific | Scientific knowledge does not 10, 30, 44, | 3, 16, 43,
knowledge change 9 50, 54 66
(Negative item)
Social - Scientists should respect the 7,9 14, 32, | 13, 18, 36,
institutional environment (Positive item) 16 34, 41, 45, 39
aspects 48, 53, 58,
67, 70
Educational | Teaching science should specify 1, 6,12, 17, | 35, 47, 68
applications that laws are certain and 16 21, 27, 29,
unchangeable. 31, 42, 55,
(Negative item) 59, 62, 65
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3.5. Data Analysis

In the data analysis section, respectively, the analysis steps of the Turkish science

curriculum, science teachers’ interviews and the RFN Questionnaire are explained.

3.5.1. Analysis of the Turkish Science Curriculum

The recent Turkish science curriculum (MEB, 2018a) was analyzed by using the
content analysis. In the analysis of the study, the components of the content analysis
(Figure 3.3) that were provided by Krippendorff (2004) were benefitted. There are six
components of the content analysis that are “unitizing, sampling, recording/coding,
reducing, inferring, and narrating” (Krippendorff, 2004). To follow these components
linearly is not necessary if the repetition in some steps of the analysis is needed. This
means that iterative loops can be followed while conducting the content analysis
(Krippendorff, 2004).
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Figure 3.3. Components of Content Analysis. Source: [Krippendorff, 2004, p. 86].

According to Krippendorff (2004), the first step which is unitizing means the
systematic separation of text into sections based on the interest of the analysis. In the
unitizing phase of the analysis, whole science curriculum was separated into the sections

because all of the sections are related to the analysis. There are 11 sections of the science
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curriculum that are about the “National Ministry of Education, aims, perspectives,
assessment and evaluation approach, individual development, result, special aims, field-
specific skills, practices of science, engineering, and entrepreneurship, matters to be
considered in the application, and structure”. The second step that is sampling narrow
downs the interested context into controllable subsets representing possible all units in
order to economize (Krippendorff, 2004). For the text analysis, from words to the whole
publication can be read as different levels (Krippendorff, 2004). Thirdly, Krippendorff
(2004) defined the recording/coding step as bridge between unitized texts and reader. In
this study, the sections of the science curriculum were coded based on the RFN framework.
While analyzing science curriculum, keywords of the RFN categories that were obtained
from Kaya and Erduran (2016a)’s study were used. Additionally, new keywords were
generated as a result of the science curriculum analysis. Table 3.3 represents 11 categories
of the RFN, their descriptions, and keywords. For example, aims and values category of
the RFN was defined as “the key cognitive and epistemic objectives of science, such as
accuracy and objectivity” and its keywords were exemplified as “aim, value, goal,
accuracy, and objectivity” in Table 3.3. In the science curriculum analysis, the frequency
of each keyword was counted in order to show how the curriculum includes the RFN.
During the curriculum analysis process, MAXQDA 2020 that is qualitative data analysis
software was used in order to count the number of codes and categorize them easily.
Because the data that comes from the curriculum is large, the codes were reduced to the
categories of the RFN. According to Krippendorff (2004), data reduction provides the
productive representation. The first four components were named as data making because
computable data from the original texts were generated (Krippendorff, 2004). The fifth
step is the abductive inference that makes the content analysis different from other inquiry
approaches (Krippendorff, 2004). Because the main phenomenon is the RFN in the study,
it was made inferences based on this phenomenon. At the end of the content analysis, it
was reached the answer of the research question. With the step of the narrating, the
findings of the study might be meaningful for readers. Additionally, narrating requires to

be presented the significance of the findings to the literature (Krippendorff, 2004).
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Table 3.3. Keywords used to trace RFN categories in curricula. Source: [Kaya & Erduran,

2016a, p. 1123].

RFN category

Description

Keywords

Aims and values

The key cognitive and
epistemic objectives of
science, such as accuracy

and objectivity

Aim, value, goal, accuracy,

objectivity

Methods

The manipulative as well as
non-manipulative techniques
that underpin scientific

investigations

Method, scientific method,
inquiry, process, hypothesis,

manipulation of variables

Scientific practices

The set of epistemic and
cognitive practices that lead
to scientific knowledge

through social certification

Observation,
experimentation, data,
explanation, model,
argumentation,

classification, prediction

Scientific knowledge

Theories, laws, and
explanations that underpin
the outcomes of the

scientific inquiry

Knowledge, scientific
knowledge, formulation of
knowledge, theory, law,
model

Social certification and

dissemination

The social mechanisms
through which scientists
review, evaluate, and
validate scientific

knowledge for instance
through peer review systems

of journals

Peer-review, validate,
evaluate, certification,

dissemination, collaboration

Scientific ethos

The norms that scientists
employ in their work as well
as in interaction with

colleagues

Scientific norms, ethics,
bias, being sceptical, caution

against bias
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Table 3.3. Keywords used to trace RFN categories in curricula (cont.).

Social values

Values such as freedom,
respect for the environment,

and social utility

Culture, cultural, social
values, society, beliefs,

freedom, respect

Professional activities

How scientists engage in
professional settings such as
attending conferences and

doing publication reviews

Conference, article,
presentation, writing,

publishing, publication

Social organizations and

interactions

How science Is arranged In
institutional settings such as
universities and research

institutes

University, research center,

institution, organization

Financial systems

The underlying financial
dimensions of science
including the funding

mechanisms

Financial, funding, finance,
economy, economical,
budget

Political power structures

The dynamics of power that
exist between scientists and

within science cultures

Political power, research
team, team leader, team
members, researcher,
gender, ethnicity, race,

nationality

To provide inter-rater reliability in the curriculum data analysis, the researcher and

two science teachers who are studying Ph.D. at Mathematics and Science Education

assessed the selected data individually. The coders’ research topics in their master degrees

were about the RFN. Therefore, it can be said that they have informed RFN views. In order

to make curriculum data analysis easier for coders, Table 3.3 was provided them. 2

documents that include special aims of the curriculum and structure section in the Turkish

science curriculum were shared with the coders. The section of the special aims of the

curriculum was selected as an inter-rater reliability data because it has diversity and many

codes in the context of the RFN. Additionally, in the structure section of the curriculum,

the researcher paid attention to select the inter-rater reliability data from different grade
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levels that are from 3" to 8" and different subjects that are “Earth and Universe”, “Living
Things and Life”, “Physical Events”, and “Matters and Its Nature”. Also, it was paid
attention that data have various codes. Analysis results were compared with the coders to
have a consensus in the selected data. While the agreement between one of the coders and

researcher is 93.15%, the agreement between other coder and researcher is 86.96%.

3.5.2. Analysis of the Teachers’ Interviews and RFN Questionnaire

When analyzing the semi-structured interview protocols, thematic analysis was
used as qualitative research approach. According to Braun and Clarke (2006), there are six
phases that help the researchers to use during the thematic analysis. These phases are
“familiarizing yourself with your data, generating initial codes, searching for themes,
reviewing themes, defining and naming themes, and producing the report” (Braun &
Clarke, 2006). To be familiar with the data, the verbal data in the audio recordings were
transcribed into the written format. Then, the written documents were uploaded to
MAXQDA 2020 that is qualitative data analysis software in order to organize data easily.
From the written documents of each participant, the codes were generated by considering
the RFN framework. After that, the codes were collected under the candidate themes and
these were reviewed. At the end, themes that give the exact meanings were produced. The
literature was benefited from while coding the interview data. To provide inter-rater
reliability in the data analysis, the researcher and two coders generated codes in the
selected data. Then, the analysis results were compared. The selected data belongs to one
of the pilot studies. While the agreement between one of the coders and researcher is

96.09%, the agreement between other coder and researcher is 93.60%.

In addition to the interview analysis, the RFN Questionnaire results of the science
teachers were analyzed. In the analysis of the RFN Questionnaire, descriptive statistics
were conducted. An Excel document was used for the descriptive analysis of the data. With
the help of the descriptive statistics, the scores of the science teachers were calculated as
the total score of the RFN Questionnaire and each score of the categories of the RFN
Questionnaire. In the RFN Questionnaire, there are positive and negative items related to

the 5 RFN categories and educational applications. Therefore, positive items were coded as
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1, 2, 3, 4, and 5 for the “Totally Disagree”, “Disagree”, “Not Sure”, “Agree” and “Totally
Agree” alternatives respectively. On the other hand, negative items were coded the reverse
of the positive items. This means that negative items were coded as 5, 4, 3, 2, and 1 for the
“Totally Disagree”, “Disagree”, “Not Sure”, “Agree” and “Totally Agree” alternatives
respectively. Because the questionnaire has 70 items with 5 point Likert scale, the lowest
score and highest questionnaire score of the science teachers are calculated respectively as
70 and 350. Additionally, the lowest scores for the aims and values, scientific practices,
scientific methods, scientific knowledge, social-institutional aspects, and educational
applications categories are 7, 13, 9, 9, 16, and 16 while the highest scores for the aims and
values, scientific practices, scientific methods, scientific knowledge, social-institutional

aspects, and educational applications categories are 35, 65, 45, 45, 80, and 80.

3.6. Trustworthiness

It is important to indicate that the findings of the study are accurate or credible
(Creswell, 2012). Accuracy or credibility of a qualitative study was named as
trustworthiness by some qualitative researchers (Creswell, 2012). In this section,
trustworthiness of the study is presented. Guba and Lincoln (1982) proposed some
strategies for trustworthiness of a study that are “credibility”, ‘transferability”,
“dependability”, and “confirmability”. These terms refer to the terms that are used in
quantitative research respectively for “internal validity”, “external validity”, “reliability”,

and “objectivity”.

Credibility means that the researcher realizes the complexities in the study and
copes with the difficulties that are not clarify easily (Mills & Gay, 2016). To achieve
credibility of the findings, it should be considered to what extent the categories represent
data (Graneheim & Lundman 2004). In other words, it shows that relevant data are not
excluded or irrelevant data are not included (Graneheim & Lundman 2004). The quotations
that were taken from both the Turkish science curriculum and interviews of the science
teachers were presented in this study in order to prove credibility of the study. According
to Graneheim and Lundman (2004), seeking agreement is one of the ways of the

credibility. Thus, in the present study, agreement rates between 2 coders who have a
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master’s thesis on the topic of RFN and the researcher were found for both specific data in
the curriculum and interviews. The agreement rates were found at the appropriate level and

so the researcher continued to code all data individually.

Transferability is another strategy for providing the trustworthiness of the study. It
means that “the extent to which the findings can be transferred to other settings or groups”
(Polit & Hungler, 1999, p.435). To achieving transferability, the explanations of context,
participants, data collection, and data analysis should be presented in detail (Graneheim &
Lundman 2004). In this study, all of these processes were mentioned respectively. For
example, it was talked about the sample selection type that is purposeful sampling and the
demographic information of the participants related with the study. The context of the

study is limited to Turkey, so aspects of Turkey were presented.

Dependability is the third strategy that is used for trustworthiness of a qualitative
study. According to Guba and Lincoln (1982), dependability refers that the repeatability of
a study in a different context and time under the same conditions. In other words, it is
necessary to have a stability of data (Mills & Gay, 2016). For providing dependability of
the study, the codifications of the data were repeated at different times by the researcher
and corrections were made in the codes. Moreover, the data that were selected from the
curriculum and interviews were shared with two Ph.D. students to make codification. An
agreement for coding was reached. This situation may prove the dependability of the study
with an audit trail.

Lastly, objectivity in quantitative research refers to the confirmability of qualitative
research. To cope with the confirmability issues, triangulation was proposed in Guba and
Lincoln (1982)’s study. The triangulation is provided by different data sources,
instruments, and methods (Mills & Gay, 2016). Using interviews and the questionnaire in
the present study to obtain data from the science teachers can be seen as triangulation

because different instruments were used to confirm the data coming from the participants.
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3.7. Research Permission and Ethical Considerations

The ethical issues were considered during the study. Because the teachers attended
to the study as participants, the permission from the Bogazici University Research Ethics
Sub-Committee (see Appendix A) was taken. Additionally, an informed consent form (see
Appendix B) was given to the participants in order to inform them and take consent from
them. In the study, there are no potential risks that can affect the participants’
psychological and physiological health. Before the interviews, the informed consent form
was given to the science teachers. Thus, participants learned their rights and could ask
questions about the study. During the data collection and analysis processes, the
participants were coded as numbers. Thus, their identities were kept secret. Moreover, their
demographic information and answers to the questions were guaranteed to use only within
the context of the study. Demographic information questions including teaching discipline,
teaching experience, school type, and educational status were asked in the interview to be
able to provide diversity in the sample. The data taken from the participants are accessible
only to the researcher and thesis advisor. After the study was finished, all data that is
protected in the researcher’s personal computer will be demolished. Lastly, in the study,
some figures that were taken from books were used by giving references. Also, the

permission for figures (see Appendix E) was taken.



64

4. FINDINGS

In this chapter, the findings of the inclusion of the RFN in the Turkish science
curriculum and science teachers’ views of the RFN and science curriculum are presented.
The findings are shown with the frequency graphs and tables and supported with

quotations.

4.1. The Inclusion of the RFN in the Turkish Science Curriculum

This section presents to what extent the RFN is included in the Turkish science
curriculum based on the content analysis. In other words, one of the research questions
how the Turkish science curriculum includes the RFN was investigated. The codes in the
literature that are related to the RFN categories helped to find the representation of the
RFN in the curriculum. In addition to the literature, new codes occurred after scanning the
curriculum. First of all, a general view of the cognitive-epistemic and social-institutional
categories and each categories frequency in the Turkish science curriculum are presented
in this section. Then, the frequency of the RFN codes is shown based on the sections of the
Turkish science curriculum. Because most of the RFN codes appear in the structure section
of the Turkish science curriculum, the inclusion of the each RFN categories in this section
is mentioned according to the grade levels. Additionally, the distribution of the RFN
categories in other sections of the curriculum is presented. After this general view, each
categories of the RFN that are “Aims and Values (AV)”, “Methods and Methodological
Rules (M)”, “Scientific Practices (SP)”, “Scientific Knowledge (SK)”, “Social
Certification and Dissemination (SCD)”, “Scientific Ethos (SE)”, “Social Values (SV)”,
“Professional Activities (PA)”, “Social Organizations and Interactions (SOI)”, “Financial
Systems (FS)”, and “Political Power Structures (PPS)” is explained in detail. In these sub-
sections, generated codes and their frequencies are indicated by supporting with the
quotations from the Turkish science curriculum. Moreover, distribution of the frequency of
the codes based on the grade levels for each RFN category in the structure section is given

with the related quotations.
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The number of the total codes that was found in the content analysis is 610. Figure
4.1 shows the distribution of codes’ number and percentage for the cognitive-epistemic
(f=525; 86%) and social-institutional (f=85; 14%) categories of science in the Turkish
science curriculum. Based on this finding, it is seen that the cognitive-epistemic categories
of science are emphasized more than the social-institutional categories of science in the

curriculum.

= Cognitive-Epistemic
categories of science

® Social-Institutional
categories of science

Figure 4.1. Frequency of Codes for the Cognitive-Epistemic and Social-Institutional

Categories of Science in the Turkish Science Curriculum.

Cognitive-epistemic categories of science include the categories of AV, M, SP, and
SK while social-institutional categories of science include the categories of SCD, SE, SV,
PA, SOI, FS, and PPS. Specifically, for each category of the RFN, number of the codes is
presented in Figure 4.2. Respectively, the frequency of the codes that were found for AV,
M, SP, SK, SCD, SE, SV, PA, SOI, FS, and PPS categories of the RFN are 41, 49, 371, 64,
27,5, 12, 30, 6, 4, and 1. While the SP category (f=371) is referred most, the PPS category
(f=1) is referred least in the Turkish science curriculum. Moreover, total frequency of the
codes is 610.
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Figure 4.2. Frequency of Codes for the RFN Categories in the Turkish Science Curriculum.

The Turkish science curriculum consists of 11 sections which are “National
Ministry of Education curricula, aims, perspectives, assessment and evaluation approach,
individual development, result, special aims, field-specific skills, practices of science,
engineering, and entrepreneurship, matters to be considered in the application, and
structure” (MEB, 2018a). Figure 4.3 shows the frequency of the RFN codes that were
found in these sections, respectively, as 8, 3, 21, 0, 2, 0, 19, 17, 26, 45, and 469. Based on
this figure, assessment and evaluation approach and result sections of the Turkish science
curriculum do not include the RFN codes. On the other hand, the structure of the
curriculum section (f=469) has more codes than the other sections. The high page number

can have an effect to find the highest codes in the structure section of the curriculum.
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Figure 4.3. Distribution of the Frequency of the RFN Codes in the Sections of the Turkish

Science Curriculum.

The details of the structure section of the curriculum are presented in Figures 4.4
and 4.5. While Figure 4.4 shows the distribution of the codes related to cognitive-epistemic
categories of the RFN in the structure section, Figure 4.5 shows the distribution of the
codes related to social-institutional categories of the RFN in the structure section. Because
the structure section of the Turkish science curriculum includes the objectives based on the
grade levels, these figures depict the codes of the RFN categories based on the grade
levels. In Figure 4.4, it is seen that the SP category is mentioned most while the AV
category is mentioned least in the structure section of the curriculum. Additionally, Figure
4.4 depicts the total number of the codes for the cognitive-epistemic RFN categories in the
structure section as 43, 47, 72, 80, 94, and 89 for 39, 4™ 5" 6™ 7" and 8" grade levels.
This means that 7" grade includes more codes about cognitive-epistemic aspects of science
in the structure section than the other grade levels. The least codes about cognitive-
epistemic aspects of science in the structure section were found in the 3 grade level. In
the 3 grade level, the numbers of the codes are 1, 0, 39, and 3 respectively for AV, M, SP,
and SK categories. In the 4™ grade level, numbers of the codes are 3, 5, 38, and 1
respectively for AV, M, SP, and SK categories. In the 5™ grade level, the numbers of the
codes are 2, 9, 58, and 3 respectively for AV, M, SP, and SK categories. In the 6" grade
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level, the numbers of the codes are 1, 3, 66, and 10 respectively for AV, M, SP, and SK
categories. In the 7" grade level, the numbers of the codes are 0, 6, 70, and 18 respectively
for AV, M, SP, and SK categories. Lastly, in the 8" grade level, the numbers of the codes
are 5, 8, 63, and 13 respectively for AV, M, SP, and SK categories.
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Methodological Knowledge
Rules

Cognitive-Epistemic Categories of the RFN

B 3rdGrade M 4thGrade ™ 5thGrade M 6thGrade ™ 7thGrade ® 8thGrade

Figure 4.4. Frequency of Codes for Cognitive-Epistemic Categories of the RFN in the
Structure Section of the Turkish Science Curriculum Based on Grade Levels.

On the other hand, the inclusion of the social-institutional categories of the RFN is
lower than the cognitive-epistemic categories of the RFN in the structure section. As can
be seen in Figure 4.5, the structure section does not contain the codes about SE, FS, and
PPS. On the other hand, the PA category is mentioned most in this section among the
social-institutional categories of the RFN. Moreover, the PA and SCD categories of the
RFN take place in all grade levels in contrast to the other social-institutional categories.
The total numbers of codes for the social-institutional RFN categories in the structure
section are 3, 7, 6, 6, 11 and 11 for 39, 4" 5" 6" 7" and 8" grade levels. This means that
7" and 8™ grade levels include more codes about social-institutional aspects of science in
the structure section than the other grade levels. The least codes about social-institutional
aspects of science in the structure section were found in the 3™ grade level. In the 3" grade
level, the numbers of the codes are 1, 1, 1, and O respectively for SCD, SV, PA, and SOI

categories. In the 4™ grade level, the numbers of the codes are 2, 1, 4, and O respectively
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for SCD, SV, PA, and SOI categories. In the 5™ grade level, the numbers of the codes are
2, 0, 4, and 0 respectively for SCD, SV, PA, and SOI categories. In the 6™ grade level, the
numbers of the codes are 2, 0, 4, and 0 respectively for SCD, SV, PA, and SOI categories.
In the 7™ grade level, the numbers of the codes are 4, 0, 6, and 1 respectively for SCD, SV,
PA, and SOI categories. In the 8™ grade level, the numbers of the codes are 2, 0, 4, and 5
respectively for SCD, SV, PA, and SOI categories.
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Figure 4.5. Frequency of Codes for Social-Institutional Categories of the RFN in the
Structure Section of the Turkish Science Curriculum Based on Grade Levels.

Consequently, a partial progression was found in the total number of the codes
among grade levels. This progression was named as partial because 8" grade level is
excluded from this progression based on the findings. This means that the progression
among grade levels is seen in the total number of the RFN categories from 3™ to 7" grade.
In other words, from 3@ to 7" grades, the total number of the codes increased. This
progression was also found in the total number of the codes about cognitive-epistemic
categories of the RFN from 390 7" grades. However, fluctuations were also found at AV,
M, SP, and SK categories of the cognitive-epistemic system based on the grade levels. For
example, 5" grade level includes most codes in the M category while 3 grade level
included no codes about the M category. On the other hand, social-institutional categories

of the RFN do not represent the same progression. For example, as seen in Figure 4.5,
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there is equality between 7" and 8" grade levels with the frequency of 11. Other equality
takes place in 5™ and 6™ grade levels with the frequency of 6. The equality between 5" and
6" grade levels stemmed from SCD and PA categories because the same codes repeated in
these grade levels. The repeatability of the same codes also is valid from 4t grade level to

8™ grade level.

In addition to the structure section of the Turkish science curriculum, the frequency
of codes for the RFN categories in the other sections of the curriculum is shown in Table
4.1. The details of this table are given one by one for each category of the RFN in sub-
sections. Furthermore, in the sub-sections, the quotations that the codes were formed from

take place.

Table 4.1. Frequency of codes for the RFN categories in the each section of the Turkish
science curriculum.

Sections of the Cognitive-Epistemic Social-Institutional
Turkish Science Categories Categories

Curriculum AV | M SP | SK [SCD| SE | SV | PA | SOl | FS | PPS

National
Ministry of 4 - - 1 - - 3 - - - -
Education
curricula
Aims - - 1 - - 1 1 - - - _
Perspectives 7 2 - 4 3 2 1 2 - - -

Assessment &
evaluation - - - - - - - - - - .

approach

Individual - - - 2 - - - - - - _

development

Result - - - - - - - - - _ -
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Table 4.1. Frequency of codes for the RFN categories in the each section of the Turkish

science curriculum (cont.).

Special aims 4 2 4 3 - 1 4 - - 1 -

Field-specific 3 3 8 1 2 - - - - - -
skills

Practices of
science, 7 2 7 3 3 - - 2 - 1 1
engineering,

entrepreneurship

Matters to be

considered in the 4 9 17 2 6 1 1 3 - 2 -
application

Structure 12 31 | 334 48 13 - 2 23 6 - -

Total 41 49 | 371 64 27 5 12 30 6 4 1

4.1.1. Aims and Values of Science

As seen in Table 4.1, the Aims and Values (AV) category of the RFN was indicated
41 times in the Turkish science curriculum. The sections of the Turkish science curriculum
that includes codes about the AV category of the RFN are National Ministry of Education
curricula, perspectives, special aims, field-specific skills, practices of science, engineering,
and entrepreneurship, matters to be considered in the application, and structure with the
frequency of 4, 7, 4, 3, 7, 4, and 12 respectively. The codes that refer to the AV category of
the RFN in the Turkish science curriculum are “values” (f=4), “honesty” (f=1), “aim” (1),
“meeting needs” (f=4), “developing attitude™” (f=1), “arouse curiosity” (f=1), “explanation
of nature” (f=1), “explanation of phenomenon” (f=1), “discovery of nature” (f=1), “finding
solution for problems” (f=13), “novelty” (f=5), “defining questions” (f=1), “producing
evidence-based results” (f=1), “understanding the world” (f=1), “determining problems”
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(f=1), “arriving scientific knowledge” (f=3), and “discovering scientific knowledge” (f=1).

These codes about AV are exemplified below with quotations.

“Aim”, “arriving scientific = knowledge”, “explanation of phenomenon”,
“discovering scientific knowledge” and “understand the world” codes were referred to in
the practices of science, engineering, and entrepreneurship section of the Turkish science

curriculum as follows:

The purposeofscience is to create theories by developing logical and systematic explanations for
natural phenomena; to explore principles and concepts. By transferring scientific processes to
learning environments, it is aimed that students do researchto understand the world and understand
how scientific knowledge develops by directly participating in the scientific process (MEB, 2018a,

p. 10).

In the Turkish science curriculum, the aim of science is mentioned as seen in the
quotation. According to this quotation, science aims to reach theories that are one of the
scientific knowledge types and to discover laws that are the other scientific knowledge
type. Furthermore, the purpose of science is to explain the phenomenon in nature and
understand world. “Defining questions”, “producing evidence-based results”, and
“explanation of nature” codes were referred to in the perspectives section of the Turkish

science curriculum as follows:

Competence in sciencerefers to the availability of knowledge and the ability and desire to benefit
from methodology toexplain the naturalworld in order to define questions and produce evidence-
based results (MEB, 2018a, p. 6).

Scientific competency is parallel with the aims of science such as an explanation of
the natural world by asking questions and finding evidence-based results to the questions.
“Discovery of nature” and “finding solution for problems” codes were referred to in the

special aims section of the Turkish science curriculum as follows:

In the process of discovering nature and understanding the relationship between human and
environment, adopting scientific process skills and scientific research approach and producing
solutions to the problems encountered in these fields (MEB, 2018a, p. 9).

The curriculum aims that all individuals use scientific process skills and scientific

research, and find solutions to the problems during the discovery of nature. This aim is
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common with the aims of science because scientists discover nature and find solutions to

the problems.

The inclusion of the AV category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of codes for AV in the structure section of the Turkish
science curriculum based on grade levels is presented (see Figure 4.6). According to Figure
4.6, from 3" grade to 8" grade, the frequency of the codes for the AV category of the RFN
changes as 1, 3, 2, 1, 0, and 5, respectively. This means that the AV category of the RFN

takes place 12 times in the structure section of the curriculum.

Aims and Values

1;,8%

M 3rd Grade
M 4th Grade
M 5th Grade
M 6th Grade
| 7th Grade
@ 8th Grade
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Figure 4.6. Frequency of Codes for Aims and Values Category of the RFN in the Structure

Section of the Turkish Science Curriculum Based on Grade Levels.

The code of “novelty” was referred to for 5" grade students in the structure section

of the Turkish science curriculum as follows:

F.5.3.2.3. Generates new ideas to increase or decrease friction in daily life (MEB, 2018a, p. 27).

Students are expected to create new ideas that can make their lives easier on the
topic of friction. In this way, it can be also supported students’ creative thinking skills.
“Determining problems” and “finding solution for problems” codes were referred to for g

grade students in the structure section of the Turkish science curriculum as follows:
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F.8.6.4.5. Offers solutions by specifying the problems that may be encountered in the future if the
resources are not used sparingly (MEB, 2018a, p. 53).

This objective attracts students’ attention to sustainable development. Therefore, it
expects from students to find problems and propose solutions to these problems on the
efficient use of resources.

The inclusion of the AV category of the RFN is limited in the Turkish science
curriculum. Moreover, the frequency of the AV codes is few except for the code of
“finding solution for problems™. In the structure section, 7" grade levels included no codes
about the AV category. Additionally, there is no code about the epistemic-cognitive and
social aims and values of science such as objectivity, accuracy, critical examination, and

decentralizing power in the curriculum.

4.1.2. Methods and Methodological Rules

As seen in Table 4.1, Methods and Methodological Rules (M) category of the RFN
was indicated 49 times in the Turkish science curriculum. The sections of the Turkish
science curriculum that includes codes about the M category of the RFN are perspectives,
special aims, field-specific skills, practices of science, engineering, and entrepreneurship,
matters to be considered in the application, and structure with the frequency of 2, 2, 3, 2, 9,
and 31 respectively. The codes that refer to the M category of the RFN in the Turkish
science curriculum are “process” (f=1), “methodology” (f=2), “method” (f=5), “inquiry”
(f=12), “inquiry-based approach” (f=3), “scientific process” (f=5), “hypothesize” (f=1),
“manipulation of variables” (f=4), “control of variables” (f=1), ‘“branches of science”

(f=1), and “variables” (f=14). These codes about M are exemplified below with quotations.

The code of “inquiry-based approach” was referred to in the matters to be

considered in the application section of the Turkish science curriculum as follows:

The Science Curriculumis basedon an inquiry-based learning approach with an interdisciplinary
perspective (MEB, 2018a, p. 10).
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This sentence shows the importance of inquiry-based learning that consists of

research and investigation processes in the science curriculum.

The inclusion of the M category is specifically important for the structure section of
the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of codes for M in the structure section of the Turkish
science curriculum based on grade levels is presented (see Figure 4.7). According to Figure
4.7, from 3 grade to 8" grade, the frequency of codes for the M category of the RFN
changes as 0, 5, 9, 3, 6, and 8, respectively. This means that M category of the RFN is

included 31 times in the structure section of the curriculum.

Methods and Methodological Rules

® 3rd Grade
B 4th Grade
m 5th Grade
M 6th Grade
B 7th Grade
= 8th Grade

Figure 4.7. Frequency of Codes for Methods and Methodological Rules Category of the

RFN in the Structure Section of the Turkish Science Curriculum Based on Grade Levels.

The code of “method” was referred to for the 4™ grade students in the structure

section of the Turkish science curriculum as follows:

F.4.4.5.2. Selects the appropriate method amongthe methods that can be used in the separation of
mixtures encountered in daily life. Sieving, filtration and magnetic separation methods are
emphasized (MEB, 20183, p. 22).

This objective gives chance to students to decide which method they can be used to

separate mixtures. As examples, teachers can focus on the methods of sieving, filtration
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and magnetic separation. The code of “manipulation of variables” was referred to for 5t

grade students in the structure section of the Turkish science curriculum as follows:

In this unit, it is aimed that students discover the effects of change on the circuit by changing the
number of batteries and lamps in different electrical circuits...(MEB, 2018a, p. 30).

As a general aim of the topic of electrical circuit elements, 5™ grade students are
expected to manipulate variables that are the number of batteries and lamps and to explore
the impact of this manipulation on the circuit. The code of “variables” was referred to for

7™ grade students in the structure section of the Turkish science curriculum as follows:

F.7.6.2.2. BExplains the growth and development processes of plants and animals by giving
examples.a. An experiment including dependent, independentand controlled variables is provided
regarding the factors affecting the germination of the seed. b. Emphasize on an example of a
flowering plant (MEB, 20183, p. 45).

This objective assumes that students know the meaning of the dependent,
independent and controlled variables. Therefore, it expects from them to make an
experiment about the germination of the seed that includes these variables. The code of
“process” was referred to for 8" grade students in the structure section of the Turkish

science curriculum as follows:

F.8.4.1.1. Bxplains how groups and periods are formed in the periodic system. The need for the
periodic systemand thecreation process of the periodic system are emphasized without going into
detail (MEB, 2018a, p. 50).

To create the periodic system includes some progression that was required the
usage of scientific methods. Even though it is expected to mention from this progression
superficially, this objective might help students to understand the formation of periodic

system.

The emphasis of the M category of the RFN can be increased by focusing on
different scientific methods such as non-hypothesis testing and non-manipulative
description. Furthermore, hypothesis testing can be mentioned explicitly in the curriculum.
Instead of these emphases, the codes of “variables” and “manipulation of variables™ that

show manipulative description were found. Additionally, the structure section has a big
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piece in the M category when comparing other sections of the curriculum. However, 3"

grade level did not include any codes about M.

4.1.3. Scientific Practices

As seen in Table 4.1, Scientific Practices (SP) category of the RFN was indicated
371 times in the Turkish science curriculum. The sections of the Turkish science
curriculum that includes codes about the SP category of the RFN are aims, special aims,
field-specific skills, practices of science, engineering, and entrepreneurship, matters to be
considered in the application, and structure with the frequency of 1, 4, 8, 7, 17, and 334
respectively. The codes that refer to the SP category of the RFN in the Turkish science
curriculum are “explanation” (f=78), “scientific research” (f=2), “research” (f=10),
“science  process skills”  (f=3), “observation” (f=31), “classification” (f=29),
“measurement” (f=7), “experimentation” (f=30), “data” (f=2), “research data” (f=5), “data
recording” (f=2), “data collection” (f=4), “using data” (f=3), “modeling” (f=12),
“connection among concepts” (f=17), ‘“comparison” (f=22), “argumentation” (f=4),
“discussion” (f=31), “make inference” (f=11), “prediction” (f=13), “testing” (f=6), “giving
examples” (f=23), ‘“reasoning” (f=13), “putting scientific ideas” (f=1), and

“representation” (f=12). These codes about SP are exemplified below with quotations.

The code of “reasoning” was referred to in the special aims section of the Turkish

science curriculum as follows:

Developing reasoningability, scientific thinking habits and decision-making skills by using socio-

scientific issues (MEB, 2018a, p. 9).

In this quotation, the socio-scientific issues are seen as topics that might support
reasoning ability of students. This means that the curriculum gives importance to the
reasonable thinking especially in socio-scientific issues. “Argumentation” and “discussion”
codes were referred to in the matters to be considered in the application section of the

Turkish science curriculum as follows:

Environments should be provided where students can discuss the benefit-harm relationship
regarding scientific phenomena sothat they can freely express their ideas, support their thoughts
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with different justifications, and develop opposing arguments to refute the claims of their friends
(MEB, 20184, p. 11).

This statement was given as one of the adopted strategies and methods under the
heading of the matters to be considered in the application section. Based on the sentence,
teachers are expected to create a learning environment that provides argumentation in
science lectures. In this context, argumentation might be provided by the creation or refute
of claims based on evidence. Moreover, this quote emphasizes to make an argumentation-

based learning with discussion.

The inclusion of the SP category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of SP in the structure section of the Turkish science
curriculum based on grade levels is presented (see Figure 4.8). According to Figure 4.8,
from 3 grade to 8" grade, the frequency of the codes for the SP category of the RFN
changes as 39, 38, 58, 66, 70, and 63, respectively. This means that SP category of the

RFN takes place 334 times in the structure section of the curriculum.

Scientific Practices

M 3rd Grade
W 4th Grade
m 5th Grade
m 6th Grade
m 7th Grade

M 8th Grade

Figure 4.8. Frequency of Codes for Scientific Practices Category of the RFN in the
Structure Section of the Turkish Science Curriculum Based on Grade Levels.
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“Giving examples” and “explanation” codes were referred to for 3™ grade students

in the structure section of the Turkish science curriculum as follows:

F.3.7.1.1. Bxplains the importanceofelectricity in daily life by giving examples of electric tools and
equipment fromits immediate surroundings (MEB, 2018a, p. 19).

This objective expects from students to be able to make explanation about the
electricity and give examples to the electrical tools. “Experimentation” and “comparison”
codes were referred to for 6 grade students in the structure section of the Turkish science

curriculum as follows:

F.6.4.1.2. Compares the changes in the space betweenthe particles of the substance and the mobility
of the particles depending on the change of state by making experiment (MEB, 2018a, p. 34).

This objective gives importance to conduct an experiment to understand the change
of state. Also, it is wanted to make a comparison among the state of solid, liquid, and gas
based on the experiment. “Observation” and “make inference” codes were referred to for

7™ grade students in the structure section of the Turkish science curriculum as follows:

F.7.7.1.2. Makes inferences by observing the brightness of the bulbs on the circuit when they are
connected in series and parallel (MEB, 201843, p. 46).

According to this objective, students are expected to observe the types of circuits

and make inferences based on their observations like scientists.

In conclusion, the SP category was included more than the other categories in the
Turkish science curriculum. Also, most of the codes of SP took place in the structure
section of the curriculum. All grade levels include SP and the frequency of the SP codes
increases from lower grade levels to higher grade levels. The mostly referred codes about
the SP category are “explanation”, “observation”, “discussion”, “experimentation”, and

“classification”. This means that there is imbalance among the number of the codes of SP.
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4.1.4. Scientific Knowledge

As seen in Table 4.1, Scientific Knowledge (SK) category of the RFN was
indicated 64 times in the Turkish science curriculum. The sections of the Turkish science
curriculum that includes codes about the SK category of the RFN are National Ministry of
Education curricula, perspectives, individual development, special aims, field-specific
skills, practices of science, engineering, and entrepreneurship, matters to be considered in
the application, and structure with the frequency of 1, 4, 2, 3, 1, 3, 2, and 48 respectively.
The codes that refer to the SK category of the RFN in the Turkish science curriculum are
“theory” (f=1), “theory as a kind of scientific knowledge” (f=1), “knowledge” (f=26),
“formulation of scientific knowledge” (f=3), “model” (f=14), “law” (f=3), “law as a
scientific knowledge” (f=1), “scientific knowledge” (f=7), “cumulative development of
scientific  knowledge” (f=2), “development of scientific knowledge” (f=3), and
“tentativeness” (f=3). These codes about SK are exemplified below with quotations.

“Formulation of scientific knowledge” and “cumulative development of scientific
knowledge” codes were referred to in the special aims section of the Turkish science

curriculum as follows:

To help understand how scientific knowledge is created by scientists, the processes that this
knowledge goes through and how it is used in new research (MEB, 2018a, p. 9).

While the creation of knowledge in the quotation refers to the code of formulation
of scientific knowledge, to use knowledge in new research in the quotation refers to the
code of cumulative development of scientific knowledge. “Cumulative development of
scientific knowledge” and “scientific knowledge” codes were referred to in the individual

development section of the Turkish science curriculum as follows:

In the process of curriculumdevelopment, a harmonic approach has been adopted that takes into
account theharmony between all components, taking into account the existing scientific knowledge
and experience on the multi-dimensional developmental characteristics of human beings (MEB,
2018a, p.7).

This sentence is not related to the teaching of scientific knowledge. It indicated that

the scientific knowledge about the developmental characteristics of people paid attention
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when the curriculum was developed. This means that curriculum development requires

systematic progress that the scientific knowledge has importance.

The inclusion of the SK category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of codes for SK in the structure section of the Turkish
science curriculum based on grade levels is presented (see Figure 4.9). According to Figure
4.9, from 3" grade to 8" grade, the frequency of codes for the SK category of the RFN
changes as 3, 1, 3, 10, 18, and 13, respectively. This means that SK category of the RFN

takes place 48 times in the structure section of the curriculum.

ScientificKnowledge

3,6% 1;2%
3;6%

M 3rd Grade
M 4th Grade
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B 6th Grade
B 7th Grade
M 8th Grade

Figure 4.9. Frequency of Codes for Scientific Knowledge Category of the RFN in the

Structure Section of the Turkish Science Curriculum Based on Grade Levels.

“Development of scientific knowledge”, “tentativeness”, “scientific knowledge”,
and “theory as a kind of scientific knowledge” codes were referred to for 7" grade students

in the structure section of the Turkish science curriculum as follows:

F.7.4.1.2. Questions howthe ideasabout the concept of atomhave changed from past to present. a.
Details aboutatomic theories are not given. b. It is emphasized thatscientific knowledge can change
overtime. c. General information abouttheory, one of the types of scientific knowledge, is given
(MEB, 2018a, p. 42).
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This objective emphasizes that scientific knowledge can be developed and changed
by giving the example of atom. Also, it suggests teachers to explain the theory as one of
the scientific knowledge types. The code of “model” was referred to for 8" grade students

in the structure section of the Turkish science curriculum as follows:

F.8.2.1.2. Shows the structure of DNA on the model (MEB, 2018a, p. 48).

Model is a type of scientific knowledge. Even though this quotation does not focus
on that, it directs students to investigate the model of the DNA. “Law” and “law as a
scientific knowledge” codes were referred to for 8" grade students in the structure section

of the Turkish science curriculum as follows:

F.8.3.1.3. Gives examples to the applications of pressure properties of solids, liquids and gases in
daily life and technology.a. Examples of applications of Pascal's principle related to fluid pressure
are given. b. Principles are emphasized as a type of scientific knowledge (MEB, 2018a, p.49).

The law of Pascal was took part in the curriculum as Pascal’s principle. To make
understandable for students this principle, teachers are expected to give some applications
of it. Moreover, teacher should give this principle as one of the scientific knowledge based

on the objective.

After the SP category of the RFN, the SK category has the second highest codes in
the Turkish science curriculum. Moreover, in the high grade levels that are 6™, 7, and 8"
grades, the number of the codes is high when comparing other grade levels in the
curriculum. The law and theory were referred to as scientific knowledge in the curriculum
with few references. However, even though using models or making models has a
significant place in the curriculum, models was not indicated as scientific knowledge.
Additionally, the interactions among the Kkinds of scientific knowledge were not

mentioned.

4.1.5. Social Certification and Dissemination

As seen in Table 4.1, Social Certification and Dissemination (SCD) category of the

RFN was indicated 27 times in the Turkish science curriculum. The sections of the Turkish
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science curriculum that includes codes about the SCD category of the RFN are
perspectives, field-specific skills, practices of science, engineering, and entrepreneurship,
matters to be considered in the application, and structure with the frequency of 3, 2, 3, 6,
and 13 respectively. The codes that refer to the SCD category of the RFN in the Turkish
science curriculum are “evaluation” (f=2), “cooperation” (f=6), and “presentation” (f=19).
These codes about SCD are exemplified below with quotations. The code of “presentation”

is common with the code of “presentation” that was mentioned in the PA category of the
RFN.

“Evaluation” and “presentation” codes were referred to in the perspectives section

of the Turkish science curriculum as follows:

Digital competence: It covers the safe and critical use of information and communication
technologies for business, daily life and communication. This competence is supported by basic
skills such asaccessing informationand using computers to evaluate, store, produce, present and
exchange information, as well as participating in common networks and communicating via the
internet (MEB, 2018a, p. 6).

Digital competence was indicated in the curriculum as one of the important
competencies that students should be capable of. The sentence emphasizes the evaluation
and presentation of knowledge that implies the SCD category of science by using
computers. The code of “cooperation” was referred to in the matters to be considered in the

application section of the Turkish science curriculum as follows:

Students engage in effective communication and cooperation while researching and questioning
information with their peers (MEB, 20183, p. 11).

This sentence supports that students study with their peers within cooperation
during the investigation of knowledge. Therefore, students can behave like a scientist who

cooperates with other scientists to improve the knowledge.

The inclusion of the SCD category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of codes for SCD in the structure section of the Turkish
science curriculum based on grade levels is presented (see Figure 4.10). According to

Figure 4.10, from 3" grade to 8" grade, the frequency of codes for the SCD category of the
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RFN changes as 1, 2, 2, 2, 4, and 2, respectively. This means that the SCD category of the

RFN takes place 13 times in the structure section of the curriculum.

Social Certification and
Dissemination
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Figure 4.10. Frequency of Codes for Social Certification and Dissemination Category of
the RFN in the Structure Section of the Turkish Science Curriculum Based on Grade

Levels.

The code of “presentation” was referred to for 31 grade students in the structure

section of the Turkish science curriculum as follows:

F.3.6.1.2. Presents the observation results of a plant's life cycle (MEB, 2018a, p. 18).

This objective expects students to present the results of their observations like in
the dissemination of the scientific research in a conference. Because the code of
“presentation” is common for both SCD and PA category of the RFN, it can be found other

quotations in the findings of the PA section.

To sum up, the Turkish science curriculum does not contain enough codes about the
SCD category of the RFN. Although the number of the codes is seen as the second highest
code in the social-institutional aspects of science, most of them are repetitive codes. The
certification process of knowledge and the ways of knowledge dissemination that scientists

use were not mentioned.
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4.1.6. Scientific Ethos

As seen in Table 4.1, Scientific Ethos (SE) category of the RFN was indicated 5
times in the Turkish science curriculum. The sections of the Turkish science curriculum
that includes codes about the SE category of the RFN are aims, perspectives, special aims,
and matters to be considered in the application with the frequency of 1, 2, 1, and 1
respectively. The codes that refer to the SE category of the RFN in the Turkish science

curriculum are “ethics” (f=2), “ethical values” (f=1), and “scientific ethics norms” (f=2).

The code of “scientific ethics norms” was referred to in the special aims section of

the Turkish science curriculum as follows:

To ensure the adoption of universal moral values, national and cultural values and scientific ethical

principles (MEB, 2018a, p. 9).

The emphasis of scientific ethical principles is directly related with the scientific
ethics norms that scientists should comply. However, the examples of these norms are not
given in the science curriculum. Another quotation that the code of “scientific ethics
norms” is included is presented in the SV category of the RFN below because the related

codes are in the same sentence.

As a result, the representation of SE is rare in the Turkish science curriculum and
the structure section did not contain any codes about this category. Therefore, SE might not

be taught to students well.

4.1.7. Social VValues

As seen in Table 4.1, Social Values (SV) category of the RFN was indicated 12
times in the Turkish science curriculum. The sections of the Turkish science curriculum
that includes the codes about the SV category of the RFN are National Ministry of
Education curricula, aims, perspectives, special aims, matters to be considered in the
application, and structure with the frequency of 3, 1, 1, 4, 1, and 2 respectively. The codes

that refer to the SV category of the RFN in the Turkish science curriculum are “society”
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(f=5), “culture” (f=1), “cultural” (f=1), “respect” (f=1), “respect for the environment”
(f=1), “universal moral values” (f=2), and “interaction between human and environment”

(f=1).

The code of “society” was referred to in the special aims section of the Turkish

science curriculum as follows:

To realize the mutual interaction between individual, environmentandsociety; to develop awareness
of sustainable development regarding society, economy and natural resources (MEB, 2018a, p. 9).

This quotation implies that one of the aims of the science curriculum is to teach the
relationship among individual, environment and society. In this way, students can aware of
the effect of the society. The code of “universal moral values” was referred to in the
matters to be considered in the application section of the Turkish science curriculum as

follows:

The teacherencourages students to develop the spirit and sense of research and scientific way of
thinking, and ensures that universal moral values, national and cultural values and scientific ethical
principles are adopted in practice (MEB, 2018a, p.11).

This quotation gives advice to the science teachers in order to increase students’
enthusiasm toward research and scientific thinking. Furthermore, it expects from teachers
to teach universal moral values that are important for the scientific research. The code of
“scientific ethics norms” also takes place in this quotation as an example of the SE

category of the RFN.

The inclusion of the SV category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of SV in the structure section of the Turkish science
curriculum based on grade levels is presented (see Figure 4.11). According to Figure 4.11,
the SV category of the RFN is only seen at the 3" and 4™ grade levels with the frequency
of 1 and 1. This means that the SV category of the RFN takes place 2 times in the structure
section of the curriculum.
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Social Values
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Figure 4.11. Frequency of Codes for Social Values Category of the RFN in the Structure

Section of the Turkish Science Curriculum Based on Grade Levels.

The code of “respect for the environment” was referred to for 3 grade students in

the structure section of the Turkish science curriculum as follows:

In this unit, it is aimed that students distinguish between living and non-living things, get to know
the environment they live in, keep it clean, protect and love it... (MEB, 20183, p. 18).

This quotation took from the explanation of the Living Things and Life unit for 3"
grade and it says how students should behave towards their environments. Keeping the

environment clean, protecting and loving environment are some of the aims of this unit.

In summary, the inclusion of the SV category in the Turkish science curriculum is
insufficient. For instance, animal care and no harm to people were not explained as SV.
Especially, the objectives in the structure section of the curriculum about the SV category

are limited with the 3 and 4" grade levels.

4.1.8. Professional Activities

As seen in Table 4.1, Professional Activities (PA) category of the RFN was
indicated 30 times in the Turkish science curriculum. The sections of the Turkish science
curriculum that includes the codes about the PA category of the RFN are perspectives,

practices of science, engineering, and entrepreneurship, matters to be considered in the
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application, and structure with the frequency of 2, 2, 3, and 23 respectively. The codes that
refer to the PA category of the RFN in the Turkish science curriculum are “presentation”
(f=19) and “science fest” (f=11). These codes about PA are exemplified below with
quotations. The code of “presentation” is common with the code of “presentation” that was

mentioned in the SCD category of the RFN.

The code of “presentation” was referred to in the practices of science, engineering,

and entrepreneurship section of the Turkish science curriculum as follows:

In solvingthe problem, students compare alternative solutions and choose the appropriate one within
the scope ofthe criteria. By planning for the chosensolution, they are expectedto reveal and present
the product at the next stage (MEB, 2018a, p. 10).

This quotation focuses on that students create products based on their solutions and
then they present their products. In other words, students might have a chance to

experience one of the professional activities that scientists make by presenting.

The inclusion of the PA category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of PA in the structure section of the Turkish science
curriculum based on grade levels is presented (see Figure 4.12). According to Figure 4.12,
from 3" grade to g grade, the frequency of the codes for the PA category of the RFN
changes as 1, 4, 4, 4, 6, and 4, respectively. This means that the PA category of the RFN

takes place 23 times in the structure section of the curriculum.
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Figure 4.12. Frequency of Codes for Professional Activities Category of the RFN in the

Structure Section of the Turkish Science Curriculum Based on Grade Levels.

“Science fest” and “presentation” codes were referred to in the structure section of

the Turkish science curriculum as follows:

Science, Engineeringand Entrepreneurship Practices: End of Year Science Festival (Students are
expected to present their product effectively during the year) (MEB, 2018a, p.12-13).

Except for the 3" grade students, this sentence is common for all grade levels from
4™ to 8™ 1t refers to the importance of the science, engineering and entrepreneurship
practices in the Turkish science curriculum. Students are expected to make presentations of
their products at the science festival that is organized in their schools at the end of the year.
The code of “presentation” was referred to for 7" grade students in the structure section of

the Turkish science curriculum as follows:

F.7.4.1.4. Presents by creating various molecular models (MEB, 20183, p. 42).

This objective expects from students to present the created models about molecules.

This means that students can act like a scientist and experience this professional activity.

Briefly, the PA category of the RFN takes place in the Turkish science curriculum
more than the other social-institutional categories of the RFN. However, the codes of the

PA are not various. This means that only 2 codes that are “presentation” and “science fest”
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were found as the category of PA in the curriculum. Whereas, teaching professional
activities such as attending conferences, publishing articles, and reviewing publications
might lead students to understand better what the scientists make as an activity in their

professional areas.

4.1.9. Social Organizations and Interactions

As seen in Table 4.1, Social Organizations and Interactions (SOI) category of the
RFN was indicated 6 times in the Turkish science curriculum. The section of the Turkish
science curriculum that includes codes about the SOI category of the RFN is structure with
the frequency of 6. The codes that refer to the SOI category of the RFN in the Turkish

science curriculum are “institution” (f=3) and “organization” (f=3).

The inclusion of the SOI category is specifically important for the structure section
of the curriculum because it includes the objectives that students are expected to know and
apply. Therefore, the frequency of SOI in the structure section of the Turkish science
curriculum based on grade levels is presented (see Figure 4.13). According to Figure 4.13,
the SOI category of the RFN is only seen at the 7" and 8" grade levels with the frequency
of 1 and 5. This means that the SOI category of the RFN takes place 6 times in the

structure section of the curriculum.

Social Organizations and
Interactions

M 3rd Grade
W Ath Grade
M 5th Grade
W 6th Grade
M 7th Grade

M 8th Grade

Figure 4.13. Frequency of Codes for Social Organizations and Interactions Category of the

RFN in the Structure Section of the Turkish Science Curriculum Based on Grade Levels.
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“Institution” and “organization” codes were referred to 7" and 8" grade students in

the structure section of the Turkish science curriculum as follows:

F.7.4.5.4. Pays attention to waste control in its immediate surroundings.
a. The studies of public and non-governmental organizations related to waste control are mentioned
(MEB, 20184, p. 43).

F.8.4.6.1. Researches the development of the chemical industry in Turkey from past to present.
a. The studies of public/private institutions and non-governmental organizations that contribute to
the development of the chemical industry in our country are mentioned (MEB, 2018a, p. 51).

F.8.7.3.5. Discussesthe importance of conscious and efficient use of electrical energy in terms of
family and national economy.

a. Studies carried out by official institutions and non-governmental organizations in our country on
energy efficiency and what needs to be done in terms of electrical energy use are stated (MEB,
2018a, p. 54).

Even though social institutions and organizations were not exemplified in these
objectives, it may encourage teachers to mention them in their lessons in the topic of waste
control, chemical industry, and energy efficiency. However, these references are so
superficial and limited to direct teachers. Also, the references only gave general names of
the institutions and organizations as public/private institutions and non-governmental

organizations.

In summary, except for the structure section that includes the objectives based on
the grade levels, the Turkish science curriculum does not represent the category of SOI.
Moreover, the codes about the SOI category only were emphasized as bullet points under
the objectives as seen in the given references. Nevertheless, these are not enough for
students to learn the social organizations and understand their interactions. For instance,
laboratories, research centers, and universities were not given as examples of social
organizations where scientific knowledge improves. Additionally, the SOI category of the
RFN was mentioned on 7" and 8" grade levels in the curriculum even though it may be

explained in lower grade levels.

4.1.10. Financial Systems

As seen in Table 4.1, Financial Systems (FS) category of the RFN was indicated 4

times in the Turkish science curriculum. The sections of the Turkish science curriculum
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that includes codes about the FS category of the RFN are special aims, practices of science,
engineering, and entrepreneurship, and matters to be considered in the application with the
frequency of 1, 1, and 2 respectively. The codes that refer to the FS category of the RFN in
the Turkish science curriculum are “economy” (f=3) and “socio-economic development”
(f=1). The code of “economy” was referred to in the matters to be considered in the
application section of the Turkish science curriculum as follows:

In the science course curriculum, the quality of scienceas an input to practice and economy is given
importance. In this context, each unit, subjectand objective has adoptedan approachthat considers
the production of technologies to meet the needs of daily life (MEB, 2018a, p. 11).

Therefore, the process of acquiring scienceandscientific knowledge will serve the application and
productionoftechnological products, adding value to life with entrepreneurial competence and the
development of material culture and economic life (MEB, 2018a, p. 11).

The quotations were taken from the same paragraph that refers to the adopted
strategies and methods in the application of the curriculum. Based on these quotations,
science’s impact on the practice and economy is significant for the science curriculum.
Moreover, it was emphasized that science affects the technological developments that are

related to the economic life.

The inclusion of the FS category of the RFN in the Turkish science curriculum is
limited. It was only mentioned that the effect of science on the economy by making
relation with technology. The code of “socio-economic development” that is given
following section was also looked at the FS category from the similar perspective.
Whereas, the funding mechanisms that move the scientific improvements forward might be
focused on in order to teach the financial dimension of science deeply.

4.1.11. Political Power Structures

As seen in Table 4.1, Political Power Structures (PPS) category of the RFN was
indicated one time in the Turkish science curriculum. The section of the Turkish science
curriculum that includes the code about the PPS category of the RFN is practices of
science, engineering, and entrepreneurship with the frequency of 1. The code that refers to

the PPS category of the RFN in the Turkish science curriculum is “competitiveness of the
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country” (f=1). The code of “competitiveness of the country” was referred to in the
practices of science, engineering, and entrepreneurship section of the Turkish science

curriculum as follows:

It is important for students to experience science andengineering practices in order to increase the
scientific research and technological development capacity, socioeconomic development and
competitiveness of our country (MEB, 2018a, p. 10).

This statement emphasizes that students should practice science and engineering in
classrooms to have a competitive power of the country upon other countries. This means
that science and political power structures have a close relationship. Therefore, science
teachers should focus on the science and engineering practices to make the country’s level
better among other countries. In addition to PPS category of the RFN, the code of
“scientific research” from the SP category and the code of “socio-economic development”

from the FS category take place in the statement.

As a result, it is not enough to give one reference for the PPS category of the RFN
in the Turkish science curriculum. This limited inclusion of the PPS causes that both
teachers and students ignore the dynamics of power such as gender, race, ethnicity,

nationality, and so on in scientific works.

4.1.12. Summary of the Inclusion of the RFN in the Turkish Science Curriculum

The findings of the study show that the Turkish science curriculum includes more
references in the cognitive-epistemic categories than the social-institutional categories.
Among sections of the curriculum, the structure section that includes units, subjects, and
objectives of different grade levels has a big impact on this finding because it includes
most of the RFN codes. It can be said that there is a progression from 3 to 7" grade levels
in the total RFN codes. However, when the social-institutional categories were examined,
any progression among grade levels was not found. While SP takes place most in the
curriculum, PPS take place least in the curriculum. Even though SCD and PA were
referred more than the other social-institutional categories, the frequency of these
categories is a result of the repetitiveness of the same codes. It means that the social-

institutional categories were not represented well in the curriculum. For instance, social
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organizations were not exemplified and their interactions were not mentioned in the

curriculum. Moreover, it was not emphasized how FS and PPS have an effect on science.

4.2.Science Teachers’ Views of the RFN and Science Curriculum

The second research question of the study aims to find science teachers’ views of
the RFN and science curriculum. Therefore, the semi-structured interview protocol and the
RFN Questionnaire were applied to the science teachers. The findings of the data analysis
that were obtained from the science teachers are presented in sub-sections. Firstly, the
findings that were obtained from the RFN Questionnaire were presented. Then, the RFN
and science curriculum views of the science teachers were explained respectively based on
the interviews. Although the questionnaire was applied to the science teachers after the
interviews, the findings of the RFN Questionnaire were presented first. This is because the

questionnaire’s findings were utilized in the findings of the interviews.

4.2.1. Science Teachers’ Views Based on the RFN Questionnaire

Descriptive statistics results of the science teachers who were participated to the
study are presented in this sub-section. Descriptive results were obtained from the RFN
Questionnaire analysis. Because the number of the participants is low in this study,
maximum, minimum, and mean values of them were mentioned based on the analysis of
the RFN Questionnaire.

In the Akgun and Kaya (2020)’s study using the RFN Questionnaire, they indicated
200-235 score interval as low, 236-270 score interval as moderate, and 271-305 score
interval as high in the context of the RFN understanding. In this study, these score intervals
were needed to in order to have a conception about the understanding level of the science
teachers. However, it is important to indicate that these score intervals were determined by
Akgun and Kaya (2020) for different participant numbers and were applied to this study.
Table 4.2 shows each participant’s scores of the categories, total scores and understanding
levels based on the RFN Questionnaire. The total scores of the science teachers in the RFN
Questionnaire are between 248 and 304 out of 350. While the lowest score belongs to the
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teacher who has a bachelor’s degree and the highest teaching experience, the highest score
belongs to the teacher who continues to study as a graduate student and is a novice in the
profession. Both of these teachers are working in public schools. While 4 of 10 teachers
have a Moderate level RFN understanding (M), 6 of 10 teachers have a High level RFN
understanding (H) in this study. The mean value of the science teachers’ total scores is
278,7 that means H. When the demographic information of the teachers who have M was
investigated, it was found that all of them have 7 or more teaching experiences. Also,

except for one teacher, all of them who have M have a bachelor’s degree.

Table 4.2. The scores and understanding levels of the participants based on the RFN

Questionnaire.

Participant 1 2 3 4 5 6 7 8 9 10
Number

Aims and 27 32 27 28 31 27 24 26 27 22
Values

Scientific 39 27 30 39 24 33 31 27 30 28
Methods

Scientific 53 54 51 53 60 61 48 52 50 50
Practices

Scientific 40 34 33 38 36 45 34 37 32 32
Knowledge

Social- 69 67 63 68 68 62 61 61 62 59
Institutional

Aspect

Educational 74 66 61 68 76 76 61 71 65 57
Applications

Total Score 302 280 265 294 295 304 259 274 266 248
Understanding H H M H H H M H M M
Level
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The maximum scores that the science teachers can take for the “Aims and Values (AV)”,
“Scientific Methods (M)”, “Scientific Practices (SP)”, “Scientific Knowledge (SK)”,
“Social-Institutional Aspects (SIA)”, and “Educational Applications (EA)” categories are
35, 45, 65, 45, 80, and 80 respectively. AV category scores are between 22 and 32 with the
mean of 27,1. M category scores are between 24 and 39 with the mean of 30,8. SP
category scores are between 48 and 61 with the mean of 53,2. SK category scores are
between 32 and 45 with the mean of 36,1. SIA category scores are between 59 and 69 with
the mean of 64. Lastly, EA category scores are between 57 and 76 with the mean of 67,5.

4.2.2. Science Teachers’ Views ofthe RFN

There are 14 questions regarding the RFN in the semi-structured interview protocol
(see Appendix C). 2 of the questions were asked to learn general views of the teachers
about science and NOS while the rest of the questions were asked to learn views of the
teachers about the RFN categories that are “AV, M, SP, SK, SCD, SE, SV, PA, SOI, FS,
and PPS”. The findings were explained with codes, frequencies of the codes, and
quotations.

4.2.2.1. Science Teachers’ Views of Science and NOS. The first two questions that were

asked to the science teachers are “How would you define science/NOS with your own
concepts? What comes to mind when you think of science/NOS?” (Appendix C).
According to the teachers, science is an “evidence-based” (f=2), “empirical-based” (f=1),
“testable” (f=1), “measurable” (f=1), “subjective” (f=1), and ‘“constantly evolving” (f=1)
concept. Also, the teachers made a connection between science and the codes of
“knowing” (f=1), “investigation” (f=2), “science i life” (f=1), “people’s needs” (f=2),
“curiosity” (f=3), “explanation of nature” (f=1), “objective evaluation” (f=1), “creative
products” (f=1), “seeking the truth” (f=1), “science branches” (f=2), “perseverance” (f=1),
“reporting of research” (f=1), “changeability of knowledge” (f=2), “research steps” (f=1),
and “presentation of knowledge” (f=1). Following quotation referred to 3 of the above

codes by explaining science.
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How can | define science? In fact, I think it occurred mostly frompeople's needs. Additionally, I can
say in general to create something with the help of curiosity and needs. [Participant 3-M-PRI]
(AppendixF-1)

In the science teachers’ views of NOS, it was found that some codes are the same as the
codes with science. These common codes are “knowing” (f=1), “evidence-based” (f=3),
“empirical-based” (f=2), “investigation” (f=3), “science in Lfe” (f=2), “people’s needs”
(f=1), and “curiosity” (f=2). The reason for common codes formation can be that some
teachers did not have enough knowledge about NOS. In other words, some teachers could
not differentiate science and NOS. For example, one of the teachers explained her
prediction about NOS definition by indicating to use the same definition with science as
follows.

What is called the natureof science is probably the features ofthe nature of science, that is, peculiar
to science. How? Conceptually, the nature of science varies. Adain, | will talk about similar thinas.
It is the information obtained based on evidence, data, experimentation, and observation.
[Participant 7-M-PU] (Appendix F-2)

In this quotation, the emphasis of evidence and data expresses the code of “evidence
based” while the emphasis of experimentation and observation expresses the code of
“empirical-based”. Moreover, the codes of “accessing SK” (f=2), “being improvable”
(f=2), “being mnovative” (f=1), “working principles of science” (f=2), “scientific
methods” (f=1), “features of science” (f=1), “history of science” (f=1), and “the core of

science” (f=1) were generated.

To sum up, the science teachers defined science and NOS from different
perspectives. Therefore, a lot of codes were generated. However, even though all science
teachers said something about science and NOS, some of them repeated the same things
with science while defining NOS. Furthermore, the teachers used mostly the code of
“curiosity” for the definition of science while they used mostly the codes of “evidence-

based” and “investigation” for the definition of NOS.

4.2.2.2. Science Teachers’ Views of the Aims and Values of Science. To learn science

teachers’ views of the Aims and Values of Science (AV), it was asked “What do you think

the aims and values of science mean? What examples can you give of the aims and values
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of science?” (see Appendix C). All science teachers gave examples about the aims of
science. Most of the teachers explained aims of science as “understanding the universe”
(f=3), “explanation of events” (f=2), “solving problems” (f=2), “serving to humanity”
(f=4), “searching for truth” (f=2), and “ease of life” (f=2). One of the explanations was

presented below.

I think that the aimof science should be to serve humanity first and foremost. We all see toaether
how much sciencehas served in the pandemic period we are currently experiencina. If it weren't for
vaccines, we wouldn't really be alive right now anyway. | think the aim of science is huge.
[Participant 10-M-PU] (Appendix F-3)

Furthermore, some of the teachers emphasized “explanation of Earth” (f=1), ‘“human
satisfaction” (f=1), “increasing of knowledge” (f=1), “helping other disciplines” (f=1),
“educational aims of science” (f=1), and “making connections among times” (f=1) as aims
of science. The code of “human satisfaction” means that science satisfies human materially

or spiritually with its results.

3 of the science teachers (Participants 3, 6, and 8) did not give examples of the
values of science. Participant 3 has a moderate level RFN understanding while Participant
6 and 8 have high level RFN understandings based on the RFN Questionnaire and their AV
scores in the questionnaire are below the AV mean as can be seen Table 4.2. “Objectivity”
(f=2), “complying with ethical values” (f=3), and “intellectual honesty” (f=2) are mostly
referred values that the science teachers mentioned. Additionally, “intellectual property”
(f=1), “doing no harm” (f=1), “continuity” (f=1), “importance of science” (f=1), and
“being independent” (f=1) were seen as values of science by some of the science teachers.
The emphasis on “importance of science” actually shows a naive understanding because
the teacher (Participant 7) mentioned the reasons that make science valuable instead of

mentioning scientific values.

For the AV category, the science teachers mostly referred to the good points such
as serving to humanity, searching for truth, intellectual honesty, and so on. However, some
teachers do not have a comprehensive understanding to explain AV. When these science

teachers’ scores of AV in the RFN Questionnaire were examined, it was seen that their
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naive explanations reflected to the questionnaire. This means that there is a consistency

between AV scores and interview findings to a great extent.

4.2.2.3. Science Teachers’ Views of the Scientific Methods and Methodological Rules. To

learn science teachers’ views of the Scientific Methods and Methodological Rules (M), it
was asked “What do scientific methods mean? What examples of scientific methods can
you give?” (see Appendix C). While some science teachers started to answer the questions
by explaining the meaning of M, some science teachers started to answer the questions by
giving examples of M. The teachers defined M as “methods used during research” (f=1),
“research steps” (f=2), “ways to access scientific knowledge” (f=1), “daily life
applications” (f=1), and “educational methods” (f=1). The ‘“research steps” were
exemplified as identifying problems, observation, data collection, constructing hypothesis,
conducting experiments, and so on by the high level science teachers (Participants 1, 5).
This code is a sign that these teachers have a misconception about M. Furthermore,
“measurement” (f=2), “testing” (f=2), “observation” (f=7), “experimentation” (f=5),
“modeling” (f=1), “using materials” (f=1), “qualitative and quantitative methods” (f=1),
and “hypothesis, theory, and law” (f=1) are the examples of M that gave by the science
teachers. The emphasis of hypothesis, theory, and law shows that the science teacher
(Participant 9) confused M with types of the SK or has a misunderstanding. Participant 7
who has 12 years of teaching experience explained M by using mostly referred codes that

are “observation” and “experimentation” as follows.

Scientific methods are actually ways to reach scientific knowledae. These are methods such as
experimentation and observation in modern science. [Participant 7-M-PU] (Appendix F-4)

All science teachers respectively indicated that M has “subjectivity” (f=10) and
“domain specificity” (f=10) aspects when it was asked “Are the scientific methods used by
scientists uniform?” and “Do scientific methods differ according to different branches of
science? Or are the same scientific methods used in all branches of science?””. The meaning
of “subjectivity” refers to the variety in scientific methods while the meaning of “domain
specificity” refers to the different scientific methods in different branches of science
according to scientists’ views. In contrast to “domain specificity” of M, 2 of the science

teachers (Participants 5 and 6) thought that M has a “specific structure” even though they
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emphasized that M changes in different branches of science. The teacher emphasized that

M has a specific structure by indicating research steps as follows.

I think it differs. Now, I'm not a personwho has such great domain dominance on this subject. But
when we establish logic, yes there are certainscientific methods. In line with their research, people
choose themost rightone forthemselves fromthese scientific methods. But of course, | think that
the path they will follow should be the same in aeneral terms. First forming an idea, then observina
it, doing research. Then I think it should move forward to justify it on something. [Participant 5-H-
PRI] (Appendix F-5)

In conclusion, the science teachers’ views of M show variety. There are some
misconceptions like in the code of “research steps”. In addition to this, some science
teachers made unrelated connections with “daily life applications”, and “educational
methods” while explaining the category of M. On the other hand, it is good that all science

teachers stated “subjectivity” and “domain specificity” as aspects of M.

4.2.2.4. Science Teachers’ Views of the Scientific Practices. To learn science teachers’

views of the Scientific Practices (SP), it was asked “What do scientific practices mean?
What examples of scientific practices can you give?” (see Appendix C). Only 2 science
teachers (Participants 1 and 4) answered this question confidently because they probably
heard this concept before. On the other hand, 3 science teachers (Participants 2, 3, and 9)
indicated that they do not know the meaning of SP. After the question was asked in
different ways, they tried to explain SP. The remaining science teachers made inferences
about the meaning of SP and examples of SP from the term of SP. While some science
teachers started to answer the questions by explaining the meaning of SP, some science
teachers started to answer the questions by giving examples of SP. The teachers defined SP
as “agreed practices” (f=1), “practical science” (f=1), “science making” (f=2), and
“practices used during science teaching” (f=1). These definitions show that the teachers
have naive views of the SP category. Furthermore, “making prediction” (f=1),
“observation” (f=2), “modeling” (f=2), “experimentation” (f=3), “testing” (f=1), “doing
research” (f=3), “discussion” (f=1), “presenting reports” (f=1), “asking questions” (f=1),
“data” (f=1), “daily life” (f=1), and “end-products” (f=2) are the examples of SP that gave
by the science teachers. In the following quotation, the science teacher emphasized 5 of
these codes that are “experimentation”, “doing research”, “discussion”, “data” and

“presenting reports”.
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In scientific practices, thinas like knowledge, more precisely...Is it called knowledge? We search
for knowledge orwe do an experiment. As a result, we access data. What are we doing with this
data? We are discussing it with someone or presenting reports about it. [Participant 4-H-PU]
(Appendix F-6)

Consequently, both cognitive-epistemic and social-institutional categories of
science were exemplified as SP by the science teachers. The codes of “experimentation”
and “doing research” are the dominant codes that were emphasized by the teachers. There
are also some naive views about SP. When the teachers who have a high SP score in the
RFN Questionnaire were investigated, their views of SP were found as limited and naive.
In this respect, it can be said that there is an inconsistency between the findings of
questionnaire and interview. Moreover, it was realized that Participants 1 and 4 who
answered the SP questions more confidently than other teachers have a score on the border

of the SP mean in the RFN Questionnaire.

4.2.2.5. Science Teachers’ Views of the Scientific Knowledge. To learn science teachers’

views of the Scientific Knowledge (SK), 3 questions were asked. One of the questions asks
“What does scientific knowledge mean?” (see Appendix C). 3 of the science teachers
(Participants 2, 4, and 5) defined SK as “certificated knowledge”. The SK definition of

Participant 4 who is novice in teaching was given below.

Scientific knowledge is actually the knowledge we obtain as a result of studies approved by certain
authorities, that is, by some institutions interested in science, through referees. [Participant 4-H-PU]
(Appendix F-7)

Almost all science teachers answered the question by mentioning the features of SK.
According to them, SK is “proven” (f=5), “testable” (f=1), “measureable” (f=1),
“consistent” (f=1), “falsifiable” (f=2), “reliable” (f=1), “objective” (f=1), and “accurate”
(f=1) knowledge. Also, it was emphasized that SK has a “cumulative development” (f=3).
Other question asks “Are there different types of scientific knowledge? If so, what are
they?” (see Appendix C). Except for one science teacher (Participant 4) who is a novice in
teaching, other teachers are “non-awareness of SK types” (f=9). One of the explanations of

science teachers who do not have an idea about types of SK was presented as follows.
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Different types of scientific knowledae. | mean, | can't thinkofanythinag right now. It's been a while
since we went to university, yes, we forgot. [Participant 9-M-PRI] (Appendix F-8)

On the other hand, Participant 4 said that “theory”, “law”, and “hypothesis” are the types
of SK. The last question in the interview is “Can scientific knowledge change over time?”
(see Appendix C). All of the science teachers supported the idea of “changeability of SK”
(f=10) and most of them gave examples that explained the changeability of SK. One of

these examples was given below.

Of course it (SK) chanages overtime. | can showtheeasiest thing in physics. For a very lona time in
physics, life was based on mechanics. In other words, we had the physical information that we
gathered under the title of mechanics. But later, the relativity that came on top of this, for example,
caused a lot of information we know to change. [Participant 2-H-PU] (Appendix F-9)

To sum up, the features of SK such as provability and falsifiability were indicated
mostly while defining SK. Although the science teachers defined SK easily, almost all of
them could not tell the types of SK. Only Participant 4 who has been working in a public
school for a year stated “theory”, “law”, and “hypothesis” as the types of SK. However,

none of the teachers mentioned models as a type of SK.

4.2.2.6. Science Teachers’ Views of the Social-Institutional System. To learn science

teachers’ general views of the social-institutional system, it was asked “Does science have
social and institutional aspects? If so, what could it mean? What examples of social and
institutional aspects of science can you give?” (see Appendix C). All science teachers
expressed their opinions about the social-institutional system. Their opinions were
categorized under the codes of “social certification and dissemination” (f=5), “social,
cultural, and ethical values” (f=10), “professional activities” (f=1), “scientific institutions”
(f=2), “financial systems” (f=4), and “political power structures” (f=9). “Social
certification and dissemination” code includes sharing of knowledge, attending
conferences, publishing in articles, and reliability of knowledge. An example was

presented about the code of “social certification and dissemination” below.

Of course, science has a social aspect. Even, there is a social aspect of science like this: In the
simplest terms, conferences, as everyone would think. For example, scientists are doing research.
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What are they doing them? They present themat conferences. They publish notices. [Participant 4-
H-PU] (Appendix F-10)

“Social, cultural, and ethical values” code includes the reciprocal influences between social
and cultural values and science, daily life relationships of science, and ethical restrictions.
Also, “professional activities” code includes working in cooperation. Moreover, the code
of “scientific institutions” consists of places where science is developed such as
universities and research institutions. While “financial systems” code includes financial
support, financial institutions, and economy, “political power structure” code includes
governments, politics, interests of governments/institutions, racism, and injustice.
Following quotation is an opinion of Participant 2 who made connection between

“financial systems” and the social-institutional system.

People who do research needto be financiallv supported because doinaresearch is costly and takes
time. It has to be funded fromsomewhere. This fund has to be largely covered by institutions. In
these respects, it may have an institutional aspect. [Participant 2-H-PU] (Appendix F-11)

Additionally, some science teachers (Participants 9 and 10) made connections with “social
sciences” (f=1) such as sociology and anthropology and “technology” (f=2) when they
heard the concept of the social-institutional system. The common aspects of these teachers

are that they have a moderate level RFN understandings and bachelor’s degree.

In conclusion, the science teachers’ views of the social-institutional system have
parallels with the RFN categories. They referred to the SCD, SE, SV, PA, SOI, FS, and
PPS categories of the RFN by using different terms. In addition to these categories, “social
sciences” and “technology” were seen related to the social-institutional system by some
science teachers who have moderate level RFN understandings. Findings about each
social-institutional categories of the RFN that were obtained from the specific category

questions were presented below.

4.2.2.6.1. Science Teachers’ Views of the Social Certification and Dissemination. To learn

science teachers’ views of the Social Certification and Dissemination (SCD), it was asked

“What do you think the social certification and dissemination process in science means? In
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other words, how do scientists share their works?”” (see Appendix C). Based on the science
teachers’ SCD explanations, the codes of “sharing studies with other scientists” (f=2),
“sharing studies with society” (f=4), ‘“evaluation of studies” (f=1), “repeatability of
studies” (f=1), and “acceptance of studies” (f=4) were generated. “Repeatability of studies”
means that studies on the same topic are repeated in different ways by different scientists.
Moreover, “acceptance of studies” means the approval of studies by societies. The
following quotation summarizes the meanings of other three codes that include sharing and

evaluation processes of studies.

Of course, scientists have to share something they do and share it with other scientists because
somethinathey producealonedoes not get approval, of course. Andnothingis added to it or it is not
evaluated. Therefore, of course, scientific knowledae or thesestudies are shared with the society. In
this way, its reliability and validity increase. [Participant 1-H-PRI] (Appendix F-12)

Additionally, “reliability/validity” (f=3), and “networking” (f=2) were seen as the results
of SCD while “needing a lot of time” (f=2), and “having science language” (f=1) were
seen as prerequisites of the SCD by the teachers. How the teachers made a connection
between “reliability/validity” and SCD was exemplified in the end of the above quotation.
On the other hand, the code of “having science language” that was said in return for

explaining how scientists share their works was exemplified in the following quotation.

Howdo they share? Foronce there must be a ground for themto share. Now, for example, this is
why science has a common purpose. Latin, vou know, is like a common language in science,
especially in physical sciences. [Participant 10-M-PU] (Appendix F-13)

Furthermore, “dissemination issues” (f=2), ‘“reliable knowledge issues” (f=2) were
emphasized as problems that are faced during SCD. The code of “dissemination issues”
draws attention to limited dissemination of science while the code of “reliable knowledge
issues” draws attention to information pollution that stems from more information. On the
other hand, except for Participant 8 who has SIA score below mean, science teachers
mentioned dissemination channels that are “publications (articles, encyclopedia, books,
journals)” (f=14), “broadcastings (internet, e-mail, television, social media, websites,
databases)” (f=10), “conferences” (f=2), and “schools/universities” (f=3).
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To sum up, all science teachers made coherent comments about the category of
SCD. Most of them made relations with the sharing of studies with societies and accepting
of studies by societies when the SCD category was asked. Also, there were generated
rarely mentioned codes like “evaluation of studies”, “repeatability of studies”, and “having
science language”. Furthermore, the science teachers put forward a lot of examples for

dissemination channels of science.

4.2.2.6.2. Science Teachers’ Views of the Scientific Ethos. To learn science teachers’ views

of the Scientific Ethos (SE), it was asked “What does you think scientific ethos mean? In
other words, do scientists follow certain norms during their works and in their working
processes with other scientists? What might these norms be if they follow?” (see Appendix
C). Almost all science teachers supported that scientists should follow certain norms. Only
Participant 3 who has a moderate level RFN understanding did not sure whether there are
norms in scientific works and focused on “limitations of SE” (f=1). The teacher who has

13 years of teaching experience expressed her confusion with these sentences:

If | have to say my own interpretation, the ethos has to be, of course. But | can also quess, or at least
| think it can be: If you stick to very moral and ethical situations, proaress will be made to some
extent. | thinkthat every knowledge or every scientific data cannot be reached in this way. But on
the other hand, of course, there is a side that should not lose its ethos. [Participant 3-M-PRI]
(Appendix F-14)

On the other hand, Participant 8 who has a high level RFN understanding could not give
examples of norms although he thought that there are norms in scientific works. His score
of SIA in the questionnaire is lower than the mean score. The science teachers thought that
“transparency” (f=1), “being free from bias” (f=1), “confidentiality” (f=1), “originality”
(f=1), and “intellectual honesty” (f=3) are significant. Participant 2 with a high RFN
understanding level sorted some examples about ‘“confidentiality” such as keeping
participants’ personal information secret with numbers during the scientific process and
not sharing the name of participants. Furthermore, the science teacher who is a doctoral
student at the same time referred to more codes than the other science teachers. This

teacher mentioned “transparency” and “intellectual honesty” as follows.
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The scientific ethos, of course, the thing is, the data set becomes open, transparent. To be able to
give, present andexplain research methods in detail. After that when the dataset you get needs to be
transparent. Well, after that, of course, honesty about participants, for example. To give the correct
information about the participants. [Participant 7-M-PU] (Appendix F-15)

Other codes about SE are “respect for intellectual property” (f=5), “respect for opinions”
(f=1), and “animal care” (f=1). As can be seen, the “respect for intellectual property” code
that includes using references and paying attention to plagiarism are the most referred code
in the SE category. “Applying sanctions in violations” (f=1) was presented as a precaution
against violations of scientific ethos by one of the teachers. “Collaboration” (f=1),
“literature review” (f=3), ‘“valid methods and participants” (f=1), and “working
disciplines” (f=1) also were generated as codes of SE. According to Participant 9 who has
a moderate level RFN understanding, the “working disciplines” code that was detailed as

research-based, evidence-based, and empirical-based were seen as norms of scientists.

Except for one science teacher who has a bachelor’s degree, all of the participants
have an idea about norms that scientists follow. In contrast to this teacher, the teacher who
is studying for a doctorate mentioned 5 of the codes in the SE. This can be a result of
taking a part in scientific works. On the other hand, any correlation between other

demographic information and SE views of the science teachers was not found.

4.2.2.6.3. Science Teachers’ Views of the Social Values. To learn science teachers’ views

of the Social Values (SV), it was asked “What do you think the social values of science
mean? What examples of the social values of science can you give?” (see Appendix C). 3
of the science teachers (Participants 2, 3, 9) thought that there are similarities between the
categories of SE and SV. Therefore, they repeated some of the SE codes for the SV. These
similar codes are ‘“confidentiality” (f=1), “animal care” (f=1), and “intellectual honesty”
(f=1). Moreover, Participant 5 did not understand the question at first and answered the
question after the question was asked in a different way. Like in the SE, the explanation of
Participant 8 about SV is also weak. The dominant code about the SV category of the RFN
is “related to society” (f=4). The teachers who emphasized this code probably made a
prediction from the name of the SV. The following quotation has exemplified this

situation.
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Social values of science... WhenI think ofthe social values of science, | think a little more about its
relation and effect with society. [Participant 1-H-PRI] (Appendix F-16)

Other codes that were generated about SV are “ethics” (f=1), “communication” (f=2)
among scientists and people, “objectivity” (f=1), and “social utility” (f=2). The code of
“social utility” was explained as follows by one of the teachers who has a bachelor’s

degree.

Social values of'science...Ineverthought about it. So what could be the social values of science? |
can say anything that makes people's lives easier because... What kind of benefit science can have
in social life? Time is very precious in our social life right now. I think science is something that
allows everyone to do everything easier, faster. [Participant 10-M-PU] (Appendix F-17)

Moreover, ‘“clear explanations for societies” (f=1), “giving value human” (f=1) which
refers to a humanistic view, and “ethical permission” (f=1) which is taken from ethical

commissions were stated by some teachers.

In summary, the science teachers’ views of the SV were found as limited based on
the interviews. Some of the teachers thought that SV is similar to the SE category of the

RFN while some of the teachers made predictions from the meaning of SV.

4.2.2.6.4. Science Teachers’ Views of the Professional Activities. To explore science

teachers’ views of the Professional Activities (PA), it was asked “Do scientists engage in
professional activities? If they engage in professional activities, what might they be?” (see
Appendix C). 3 of the science teachers (Participants 3, 6, 8) needed more explanations to
be able to answer this question. Professional activities of teachers were given as an
example to make the question more understandable for the teachers. Half of the science
teachers thought that “sharing of studies” (f=5) is a professional activity that scientists
engage in. Furthermore, “attending conferences” (f=5), “attending symposiums” (f=3),
“attending meetings” (f=2), “attending scientific activities” (e.g. TEKNOFEST) (f=1), and
“organizing workshops” (f=3) were indicated as professional activities. Participant 4 who
IS working in a public school emphasized mostly dominant codes that are ‘“attending

conferences” and “sharing of studies” as follows.
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Yes, they are involved in professional activities. In fact, the purpose of papers and conferences is to
provide a professional working opportunity, to bring people together. When these people get
together, they talk about their work. [Participant 4-H-PU] (Appendix F-18)

Other codes about PA that were referred less are “working in cooperation” (f=1),
“evaluation of studies” (f=1), “being professionally competent” (f=1), “making an
experiment on themselves” (f=1), and “scientific research processes” (f=1) including
literature review, data collection, data analysis, and so on. Additionally, Participant 8 who
has a bachelor’s degree stated “daily life activities” such as playing golf as professional

activities as seen in the following quotation.

What activity canbe? I mean, even playina golf can be learned very auickly for a scientist, or very
easily grasped. It can be an activity that can be achieved very easily to the point of success.
[Participant 8-H-PRI] (Appendix F-19)

As can be seen, “being professionally competent”, “making an experiment on themselves”
and “daily life activities” codes reflect the naive views of the science teachers about PA.
On the other hand, the teachers (Participants 6 and 8) who mentioned these codes as PA
have a high RFN understanding as general, but their social-institutional aspect scores are

low of the mean in the questionnaire.

In conclusion, some of the science teachers did not understand the concept of PA
when it was asked first-time. Thus, professional activities of teachers were given as an
example by the researcher. However, these teachers continue to have a naive views. In
contrast to the naive views, there are also dominant codes that show competent views.
Furthermore, having a high level RFN understanding in the RFN Questionnaire is not an
indicator of competent PA views because social-institutional aspect scores can be lower

than the mean.

4.2.2.6.5. Science Teachers’ Views of the Social Organizations and Interactions. TO

investigate science teachers’ views of the Social Organizations and Interactions (SOI), 2
questions were asked. One of the questions asks ‘“What do you think social organizations
and interactions mean?” (see Appendix C). Some of the science teachers indicated that

there is “collaboration among scientists” (f=1) and “interaction among institutions” (f=4).
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Participant 9 who is working in a private school made a relation between “interaction

among institutions” and the development of science by indicating the following quotation.

There is definitely interaction. For example, as | said before, NASA was the first in the world in
space exploration. And afterthat, TESLA, for example, started toconduct space research for itself.
And there is definitely interaction. Otherwise, I think that science cannot develop. [Participant 9-M-
PRI] (Appendix F-20)

Additionally, the codes of “related to human” (f=2) and “finance-science interaction” (f=1)
were generated. The code of “related to human” includes the relationship of organizations
with individuals and societies. The code of “finance-science interaction” States a funder
and researcher and emphasizes the interaction between them. The science teachers also
indicated the benefits of social organizations. These benefits are “providing a certification”
(f=2) and “providing planned SK” (f=2). In other words, some science teachers thought
that social organizations are needed because they make the scientific process easier by
certification and planning of knowledge. The other question that was asked to the science
teachers is “Where can scientific knowledge be produced?” (see Appendix C). Most of the
teachers thought that SK can be produced “free from any place” (f=6). A quotation from a
teacher who is a graduate student was presented below.

Scientific knowledge canbe produced anywhere. In otherwords, it is unnecessary to put it into an
institution, apolicy orjust a certain seament. Of course, going through an education can make it
easier. But | think the place where scientific knowledge is produced is unlimited, that is,
independent of the place. [Participant 6-H-PU] (Appendix F-21)

Additionally, the science teachers gave many examples of places where scientists produce
SK such as “laboratories” (f=3), “universities (f=5), “schools” (f=2), “research centers”
(f=1), “relief organizations” (f=1), “voluntary organizations” (f=1), ‘“‘government
institutions” (f=2) (e.g. TUBITAK, NASA, and ESA), “foundations” (f=1), “non-
governmental organizations” (f=1) (e.g. ERG), and “companies” (f=2) (e.g. TESLA)”. On
the other hand, it was found that the teachers who have low scores in social-institutional
aspect of the questionnaire explained SOI more limited than the others. For examples,
Participant 10 who has the lowest score in social-institutional aspect category of the

questionnaire gave only schools as an explanation of the questions.
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In summary, the science teachers’ views of SOI show variety. In other words, the
teachers made connections from different perspectives such as finance and certification
while explaining SOI. Furthermore, there are varieties in the examples of institutions
where scientific knowledge is produced. However, there are also some limited
explanations that were faced in the teachers with low score of social-institutional aspect of
the questionnaire. Thus, it can be said that this category of the RFN questionnaire and

interview findings are consistent.

4.2.2.6.6. Science Teachers’ Views of the Financial Systems. To learn science teachers’

views of the Financial Systems (FS), it was firstly asked “Is there a relationship between
financial systems and science? If so, what kind of relationship is there?” (see Appendix C).
Almost all science teachers directly stated that there is a “relationship between FS and
science” (f=8). Although other science teachers (Participants 3 and 7) did not use the term
relationship directly, they talked about their thoughts that support the relationship between
FS and science. “Sponsorship” (f=7) is a dominant code of FS that was mentioned mostly
related to the codes of “private sector funding” (f=2), “governmental funding” (f=1), “self-
funding” (f=1), and “funding for urgent needs” (f=1). The following quotation is referred

to the code of “sponsorship”.

When financial systems are mentioned, as far as | understand, the financial dimension of this
businessand the provision of suitable environments or opportunities for it to work in this sense
come to mind. Of course, a financial infrastructure may not be necessary for the emeragence of
knowledge. But I thinkthat in order to prove it, to research it, to make observations, to justify it,and
to be accepted by everyone, thereis absolutelya need for funding. [Participant 5-H-PRI] (Appendix
F-22)

The code of “funding for urgent needs” means to give funds for urgent needs such as
funding for vaccine of Covid-19 and mucilage in Sea of Marmara. Furthermore, “interests
of institutions” (f=3), “marketing of scientific products” (f=2), “commodification and
commercialization of science” (f=1) codes were generated based the answers of the
teachers. While the “interests of institutions” code means to give funds in accordance with
the interests of institutions, the “marketing of scientific products” code means to be needed
money for the marketing of scientific products. Additionally, “commodification and
commercialization of science” means that the money IS sometimes gotten ahead of science

itself by scientists. Another question that was asked in the interviews is “Do scientists need
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money when conducting scientific research?” (see Appendix C). Mostly referred code
about this question is “expenses of research” (f=6) such as expenses for materials and
sources. Also, the science teachers thought that “money for basic needs” (f=3) and “money

for a scientific career” (f=1) are needed. The answer of the novice teacher is shown below.

I wish it wasn't, but unfortunately you can't make scientific research unless it's financially supported
because doinaany experiment can sometimes take vears, as we just talked about. People need to
continue their own lives or scientific studies require materials and infrastructure. Sometimes a
material, for example, the speed of a collider from CERN can reach millions of dollars. Therefore,
being financially funded requires enormous strength. Unfortunately, they are very relevant.
[Participant 2-H-PU] (Appendix F-23)

All science teachers stated the relationships between science and financial systems
by giving examples. In other words, they thought that money is necessary for science.
Most of the science teachers indicated that “sponsorship” is a requirement for making
scientific research because of the “expenses of research”. As a result, any naive views

about FS were not found.

4.2.2.6.7. Science Teachers’ Views of the Political Power Structures. To learn science

teachers’ views of the Political Power Structures (PPS), it was asked “Is there a
relationship between the political power structures and science? If so, what kind of
relationship is there? Is science affected by political power structures?” (see Appendix C).
All science teachers said that there is a “relationship between PPS and science” (f=10).
However, Participants 9 and 10 who have lower scores than the mean of social-institutional
aspects of the questionnaire abstained before explaining their views of PPS. Then, they
gave a few details about the PPS category of the RFN with the help of the encouragement
of the researcher. Especially, the teacher who is working in a public school for 21 years
indicated firstly that he cannot say anything about politics. On the other hand, the science
teachers indicated that governments have an effect on science by emphasizing “interests of
governments” (f=2), “governmental/political constraints” (f=5), “ideological constraints”
(f=3), and “governmental/political supports” (f=4). This means that not only constraints
but also supports of governments on science were given as examples of PPS. One of the

quotations that explain both sides of PPS was presented below.
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There is definitely a political relationship as well. Governments can give more support to studies
that will serve theirown interests or they block some ofthem. They may not allow some studies to
be done. [Participant 1-H-PRI] (Appendix F-24)

In addition to effects of PPS on science, only Participant 6 who has the highest level RFN
understanding mentioned “effects of science on PPS”. Additionally, “commodification and
commercialization of science” (f=1), “international relations” (f=2), “racism” (f=1), and
“PPS for dissemination” (f=1) are the codes that were generated based on the science
teachers’ views. The code “international relations” involves competition and cooperation
among countries. The code of “PPS for dissemination” implies that PPS is needed to

disseminate scientific knowledge.

Briefly, the science teachers thought PPS mostly from the negative perspectives.
For instance, they stated political and ideological constraints that scientists face with. In
contrast to these codes, a few science teachers indicated that scientific works increase with
the help of political support. Furthermore, some teachers abstained to explain their ideas
about PPS. These teachers have moderate level RFN understandings and low scores in the

social-institutional aspect of the questionnaire.

4.2.3. Science Teachers’ Views ofthe Science Curriculum

There are 11 questions regarding the science curriculum in the semi-structured
interview protocol (see Appendix C). The questions are related to the science curriculum,
NOS implementation, and the inclusion of NOS in the science curriculum. Findings that
were obtained from answers to these questions were provided respectively with
suggestions of the science teachers. The findings were presented with codes, frequencies of

the codes, and quotations.

4.2.3.1. Science Teachers’ Views on Features of the Science Curriculum and Their

Suggestions. Before starting to ask deep questions about the curriculum, it was aimed to
learn what extend the science teachers use the science curriculum. Based on the findings, 7

of the science teachers stated “completely the usage of the curriculum” while 3 of the
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science teachers (Participants 1, 5, and 8) stated “partially the usage of the curriculum” in
their lessons. It was realized that the teachers who were using the curriculum partially are
working in private schools. One of the science teachers working in a private school

indicated her usage of the curriculum as follows.

When we savdo | use the curriculum, we can say what | am using andwhat lamnot usina. | am not
completely independent. It means that | amnot disconnected. But of course, if you say do you use it
one hundred percent, no, I don't. [Participant 5-H-PRI] (Appendix F-25)

Furthermore, when the answers of the teachers who use completely the curriculum were
investigated, it was found that all of them talked about the structure section which includes
the objectives of subjects. This means that the science teachers mostly pay attention to the
objectives because they are expected to implement the objectives. A teacher from a public

school explained this situation as follows.

The curriculum mainly includes obiectives. There are subiects in the curriculum. There is also a
beainningpart. There may be topics in this part. But the beginning part sometimes may not reflect
onthe objectives. Wehave to use the objectives in the annual plan. We even have to write themin
the lesson notebook. Therefore, of course, | teach my lessons by putting those objectives in the
center. [Participant 7-M-PU] (Appendix-26)

To learn general views of science teachers about the science curriculum, it was
asked “Does the science curriculum meet your expectations? Do you think there is any
deficiency?” (see Appendix C). 3 of the science teachers (Participants 1, 5, and 6) stated
that the science curriculum is “theoretically well”. However, 2 of them (Participants 5 and
6) also stated that the curriculum is “practically not applicable” due to the examination
system, deficiency of physical opportunities, and non-competent teachers. Furthermore, the
science teachers’ views on the science curriculum can be separated as positive and
negative sides of the curriculum. The positive sides of the curriculum were coded as “spiral
structure” (f=1), “fewer details” (f=1), “time for activities” (f=1), “interactions among
stakeholders” (f=1), “interdisciplinarity” (f=1), and “metacognitive skills” (f=1). On the
other hand, negative sides of the curriculum were coded as “open-ended objectives” (f=1),
“deficiency of details” (f=2), “lack of connection” (f=4), “deficiency in knowledge” (f=1),
“lack of inquiry” (f=1), “intensive curriculum” (f=2), “time-management issues” (f=3), and

“rote learning” (f=1). “Intensive curriculum” and “time-management issues” are codes that
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support each other because time problems were mostly seen as a result of the intensive
curriculum. When the codes were investigated, it was realized that having few details is
seen as both positive and negative sides of the science curriculum by different science
teachers. In contrast to these teachers’ views, some teachers thought that the science

curriculum is intensive.

The following question that was asked in the context of the science curriculum is
“What are your suggestions regarding these deficiencies?” (see Appendix C). The science
teachers indicated that the science curriculum should “be skill-based” (f=1), “be reflected
in books” (f=1), “be developed by professionals” (f=1), and “be simplified” (f=1).
Additionally, according to some teachers, the curriculum should “include information
management” (f=1), “include revisions” (f=1), and “include more details” (f=1). As can be
seen, a contradiction between two science teachers was found like happening in the
positive and negative sides of the curriculum. One of the teachers (Participant 9) supported
the simplification of the curriculum while another teacher (Participant 10) supported more
details in the curriculum.

To sum up, the Turkish science curriculum is used mostly by the science teachers
who are working in public schools with the aim of applying objectives in lectures.
Moreover, the science teachers mentioned both negative and positive features of the
curriculum. The codes of “lack of connection” and “time-management issues” are the
dominant codes that were mentioned as negative features of the curriculum. Some
contradictions were also found among science teachers. For example, a feature of the
curriculum was seen both as positive and as negative by different science teachers. This

situation was also observed in the suggestions of the teachers.

4.2.3.2. Science Teachers’ NOS Implementations and Suggestions. To understand how

science teachers implement the NOS to their lessons, it was asked “Do you teach your
students the nature of science in your science lessons? How?” (see Appendix C). The
science teachers gave a lot of different examples from their science lessons related to the
NOS integration. For instance, they said that they give importance “using argumentation

“(f=1), “using the question-answer method” (f=2), “using student-centered activities”
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(f=2), “using models” (f=2), and “using scientific sources” (f=2) in order to implement
NOS to the lessons. Furthermore, “emphasizing changeability of SK” (f=3), “emphasizing
changeability of M” (f=1), “expecting evidence-based explanations” (f=1), “gaining
scientific process skills” (f=1), “conducting experiments” (f=5), “making observations”
(f=1), “doing research” (f=2), and “making inferences form results” (f=1) were seen as
examples of NOS integrations. An explanation of one of the teachers about how she used

the changeability of SK in her lessons is given below.

Also, | mentioned toomuch about the changeability of knowledge. For example, | can't remember
exactly which one it was but... Was it an opinion of Aristotle? I'maivina an opinion froman old
time. | say it’s like this. But years later, Galileo came and said like this and showed how something
that has been accepted over the years has changed. | gave themas examples in my lesson. The
children were surprised at how it was accepted for vears. They had seen that knowledge could
change in an instant. [Participant 1-H-PRI] (Appendix F-27)

Lastly, there were generated the codes of “giving examples from daily Life” (f=3), “giving
characteristics of scientists” (f=1), and “giving examples from the history of science” (f=1)

based on the science teachers’ answers.

To learn implementation suggestions of the science teachers, it was asked the
teachers “What are your suggestions about teaching and including the nature of science in
lessons?” (see Appendix C). Mostly referred codes are “integration of NOS to the
curriculum” (f=4), “increasing of NOS sources” (f=3), and “using learning by doing”
(f=2). One of the experienced teachers expressed the idea of “integration of NOS to the

curriculum” as the following.

Moreover, there are many ways of inclusion of NOS in the curriculum. It can be included in many
ways apart fromexperimentation. Thelife of scientists was only expressed. But, for example, how
did scientists do this? How did they reach that knowledae? Which scientist, which... It is only in the
history of the atom. That's all. [Participant 7-M-PU] (Appendix F-28)

In addition to these codes, the teachers suggested “providing collaboration among
teachers” (f=1), “allowing students to feel free” (f=1), “creating small groups” (f=1),
“providing in-service teacher training” (f=1), “increasing opportunities of schools” (f=1),
“presenting NOS as an celective course” (f=1), and “simplifying curriculum” (f=1).
“Creating small groups” was seen as beneficial for NOS implementation because it gives

chance to students gain more experience. “Increasing opportunities of schools” was given a
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suggestion because the teacher thought that opportunities for laboratories should be
improved to implement NOS. The teacher who has 2 years of teaching experience
expressed his suggestions by emphasizing both “providing in-service teacher training” and

“integration of NOS to the curriculum”.

I don't know if it (NOS) is directly mentioned as an obijective in the curriculum, but it can be
included as an objective because our roadmap is the curriculum. I think it would be a little more
beneficial if this is included in the curriculumand if it is given to teachers as in-service training
because it is very difficult for people who are unaware of the nature of scienceto teach the nature of
science. Thus, | think it can happen after creating awareness about it. [Participant 6-H-PU]
(Appendix F-29)

As a result, NOS implementations of the science teachers showed variety. Half of
the teachers stated that they conducted experiments as an example of NOS implementation.
On the other hand, any relationship between the participants’ demographic information and
presenting NOS implementations was not found. This means that all science teachers
implemented more or less NOS in the context of their NOS understandings. As
suggestions, integration of NOS into the curriculum and increasing of NOS sources were

mostly mentioned.

4.2.3.3. Science Teachers’ Views of the Inclusion of NOS in the Science Curriculum. To

learn views of the science teachers about the inclusion of NOS in the science curriculum, it
was asked “Are there any emphases on the nature of science in the science curriculum? If
any, which components were highlighted?”” (see Appendix C). While 5 of the science
teachers (Participants 3, 4, 5, 6, and 10) mentioned explicitly “inclusion of NOS” in the
science curriculum, 3 science teachers (Participants 7, 8, and 9) mentioned explicitly
“deficiency of NOS” in the curriculum. Moreover, most of the science teachers told that
“experimentation” (f=6) and “observation” (f=5) take place mostly in the science
curriculum. For instance, Participant 1 who is a graduate student stated these codes like

that;

| guess there are mostly experiments. There are objectives in the style of doing something by
experimenting with this and that. Apart fromthat, there are observations as far as | can remember.
Umm, | cannotrememberanvthinaelse rightnowwhen I think of the objectives andthe curriculum.
[Participant 1-H-PRI] (Appendix F-30)
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Other codes that the teachers made connections with NOS and thought that they take place
in the curriculum are “types of SK” (f=1) (e.g. theory, law), “scientific process skills”
(f=1) (e.g. exploration, investigation), and “scientists” (f=2) (e.g. Newton, Pascal). As
categories of the RFN, science teachers said that “aims of science” (f=2), “scientific
methods” (f=2), and “scientific practices” (f=1) are emphasized in the curriculum. There
were also generated two codes about the social categories of science that are “exclusion of
social categories” (f=2) and “deficiency of social categories” (f=2). The codes of “aims of
science” and “exclusion of social categories” were indicated by one of the science teachers

as follows.

Mavbe the aim of science is a bit but not too much. In other words, the aim of science is not
mentioned much. Thevalue and importance of science is notmentioned. It has no social or political
meanings or anything. [Participant 7-M-PU] (Appendix F-31)

On the other hand, Participants 3, 6, and 8 did not give detailed explanations and they only
indicated whether NOS is included in the curriculum. One of the teachers associated the
limitation of his NOS views with the limited inclusion of NOS in the curriculum. In
addition to these findings, Participant 10 who has 21 years of teaching experience indicated
that the aim of the science curriculum is not to teach the NOS. Therefore, he thought that

the emphasis of the NOS in the curriculum is enough.

To sum up, some teachers stated the inclusion of NOS in the Turkish science
curriculum while some teachers stated the deficiency of NOS in the curriculum. Also,
some teachers did not give examples that show the inclusion of NOS in the curriculum
even though they thought the inclusion of NOS. As a general, experimentation and
observation are the codes that the science teachers emphasized more. Moreover, 4 of the
science teachers indicated that the social-institutional categories of the RFN do not take

place or take place in a minimum level.

4.2.3.4. Science Teachers’ Suggestions of the Inclusion of NOS in the Science Curriculum.

To learn suggestions of the science teachers about the inclusion of NOS, it was asked
“Should the nature of science be included in the science curriculum? How can it be

included? What are your suggestions?” (see Appendix C). Except for Participant 4, all
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science teachers stated “importance of NOS on the curriculum”. In other words, they
thought that NOS should be included in the science curriculum. On the other hand,
Participant 4 indicated that the curriculum already includes NOS and did not present any
suggestion. Other science teachers suggested that the curriculum should “include SK”
(f=2), “include M” (f=4), “include more research” (f=2), “provide NOS examples” (f=2),
“emphasize NOS explicitly” (f=1), “include NOS as a topic” (f=1), and “integrate NOS to
objectives” (f=1). The code of “provide NOS examples” refers to examples that gave cues
to teachers about NOS. Some of these suggestions were given by the teachers with 7 and 2

years of experience respectively in the following quotations.

It (NOS) should be aiven. There may be a hiddenemphasis that has not been clearly emphasized as |
have just mentioned. But their (students”) realization... Yes, the nature of science is a very broad
term. It mav not be asinale imaae, but atopic that cansupport their imaaination a little more. And
this may even be a course title that can support this subject and perhaps at this point, their
imaaination should be advanced with different fields not with asinale teacher, like science in order
to answer different questions in their minds. [Participant 8-H-PRI] (Appendix F-32)

It (NOS) should be included because if we think of science as apiece of puzzle, if a piece is missing,
it will neverbe complete. Therefore, the nature of scienceshould definitely be included. How? For
example, it can be integrated to the objectives. [Participant 6-H-PU] (Appendix F-33)

In brief, the science teachers gave some suggestions on how NOS should be
included in the science curriculum. Among the categories of the RFN, it was suggested that
scientific knowledge and methods should take place in the science curriculum. In general,
it can be said that the suggestions are limited because the variation of the codes are few.

4.2.3.5. Science Teachers’ Interpretations of the Quotations in the Science Curriculum

from NOS Perspective. It is important to learn how science teachers interpret the science

curriculum from the RFN perspective. Therefore, there were presented to the science
teachers 5 quotations from the science curriculum. Then, it was asked “Do you think this
purpose/objective is related to the nature of science? If so, which component or
components of the nature of science do you think has to do with it?”. Because the
categories of the RFN are new terms for most of the participants, it was also indicated that
the questions during the interview reflect the categories of the RFN and reminded the
categories. All science teachers thought that all quotations are related to NOS. However,

some teachers’ explanations showed that their views are insufficient to interpret its
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relationship with the RFN. For example, for the 4 quotation that is ‘“Presents the
observation results of a plant's life cycle. It is expected to monitor the development of a
plant for a certain period of time and to record the observation results” (MEB, 2018a, p.18)
(see Appendix C- Question 28), one of the teachers who has a moderate level RFN

understanding gave the following answer before the RFN categories were reminded.

Thereis. | will say thatyeswhatever comes my way on this subject. As I already said, it's a subject
in it. They're already intertwined. But what does it haveto do with? Another creature... How is the
nature of science part? I can't find an answer by thinking about it. [Participant 3-M-PRI] (Appendix
F-34)

On the other hand, some teachers gave the reasons why they thought the quotation is
related to the RFN category. For instance, a dialog between the researcher and the teacher
who has a high level RFN understanding for the 4™ quotation (see Appendix C- Question

28) was given below.

Participant 1: This aets into the scientific practices. | mean, to observe, to record, to present,
perhaps. The concept of presenting results may be important here.

Researcher: Where would you put the presentation? Scientific practices?

Participant 1: Presentina actually feels a bit like a social here because others are scientific stuff,
methods. I mean, it goes into scientific practices. But presenting is a little superficial, the word he
used there. But it stilladds a meaning whenit is said presenting. It's like sharing. [Participant 1-H-
PRI] (Appendix F-35)

Furthermore, it can be said that there is a consistency between the comments of the RFN
categories and interpretations of the quotations from the curriculum. In other words, while
the science teachers’ views of the RFN were limited, their interpretation skills also were
found as limited. For instance, 2" quotation that is “To help understand how scientific
knowledge is created by scientists, the processes that this knowledge goes through and how
it is used in new research” (MEB, 2018a, p.9) (see Appendix C- Question 26) was given to
the teachers and one of the science teachers who gave limited explanations about the RFN

categories interpreted this quotation like that:

Of course, they are still interconnected. | can't separate much. Since | do not want to give the same
answersagain, | can say thatl proceeded in the same mindset. [Participant 8-H-PRI] (Appendix F-
36)
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Because some science teachers’ views of the RFN are superficial, the terms that take place
in the quotations of the curriculum misguided the teachers. This situation can be seen in the
5" quotation (see Appendix C- Question 29) that was coded as the categories of SP and
SOI. 5™ quotation is that “Discusses the importance of conscious and efficient use of
electrical energy in terms of family and national economy. The studies carried out by
official institutions and non-governmental organizations in our country on energy
efficiency and the things to be done in terms of electrical energy use are stated” (MEB,
2018a, p.54). Although the quotation is emphasized SP and SOI categories, some of the
teachers thought that the FS category of the RFN is emphasized. This is probably because
of the term economy that takes place in the quotation. For the 1% quotation that is “In the
process of discovering nature and understanding the relationship between human-
environment, adopting scientific process skills and scientific research approach and
producing solutions to the problems encountered in these fields” (MEB, 2018a, p.9) (see
Appendix C- Question 25), the science teachers mostly made connections with the social
aspects of science because of the emphasis on human and environment. However, these
teachers could not give a specific category from the social-institutional categories of the
RFN. Lastly, all of the science teachers interpreted the 3™ quotation that is “To ensure the
adoption of universal moral values, national and cultural values and scientific ethical
principles” (MEB, 2018a, p.9) (see Appendix C- Question 27) properly by indicating the
codes of SV, SE, and social aspects of NOS. But, the teachers’ interpretations can also be
stemmed from the terms of moral values, national and cultural values, and scientific ethical

principles in the quotation without any consciousness.

To sum up, all science teachers agreed that the given quotations are related to the
NOS. However, some of the teachers’ interpretations were found as limited or false while
explaining the relationship between quotations and the categories of the RFN. This
situation can be stemmed from the limited RFN views. This is because the science teachers
who interpreted the RFN categories limited also interpreted the relationship between

quotation and the RFN categories limited.
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4.24. Summary of the Science Teachers’ Views ofthe RFN and Science Curriculum

Many questions were asked in the interviews to learn the science teachers’ views
about the RFN and science curriculum. The RFN views of the teachers were also compared
with findings of the RFN Questionnaire. According to the findings of the questionnaire, it
was found that the science teachers have a high RFN understanding level on the mean.
However, there are also some limitations of the teachers in the explanation of the RFN
categories and interpretation of the inclusion of the RFN in the science curriculum.
Therefore, not only consistencies but also inconsistencies between the findings of the
analysis of data from the questionnaire and interview were found based on the RFN
categories. On the other hand, a consistent relationship with the demographic information

of the science teachers was not found.

Even though competent views in each category of the RFN were found, there are
also incompetent views that the science teachers have. For example, some teachers had a
difficulty to define the SP and PA categories of the RFN. Also, the M category caused a
well-known misconception and the types of SK were not defined most of the science
teachers. Additionally, the SE and SV categories of the RFN were seen as the same by
some teachers. On the other hand, AV and FS categories were mostly explained well.
Moreover, aspects of SK and dissemination channels in SCD were exemplified well by the

science teachers.

For the curriculum views of the science teachers, firstly, their usage of the
curriculum was investigated. The science teachers said that they use the science curriculum
to some extent. However, it was realized that the curriculum mostly means the objectives
of subjects for the teachers. Moreover, public school teachers use the curriculum more
systematically than the private school teachers. According to the teachers’ views, lack of
connection and time management issues were mostly emphasized as negative sides of the
curriculum. In the implementation of NOS in classrooms, experiments and daily life
examples were preferred more. Inclusion of the experiments as NOS example in the
curriculum also was seen as mostly referred code. Additionally, the science teachers

mostly thought that the social-institutional categories of the RFN do not take place in the
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science curriculum because they could not give examples about these categories. It was
suggested that NOS should be included in the curriculum more and increase the number of
NOS sources by the science teachers. Lastly, it can be said that the RFN views of the

teachers reflect to the interpretations of the quotations in the curriculum.
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5. DISCUSSION

The chapter of discussion includes firstly the discussion of the findings of
curriculum analysis and science teachers’ views in the context of the RFN. Then, the
implications of the study, limitations of the study, and recommendations for further

research are presented.

5.1. Discussion of the Findings

In this section, the discussion of the study findings is presented under the two sub-
sections by supporting with previous studies. First of all, the inclusion of the RFN in the
Turkish science curriculum was discussed both from the perspectives of the cognitive-
epistemic and social-institutional categories of the RFN. Then, the science teachers’ views

of the RFN and science curriculum were discussed one by one.

5.1.1. Inclusion of the RFN in the Turkish Science Curriculum

The findings of the Turkish science curriculum analysis show that the frequency of
the codes is 610 in the context of the RFN. So many codes were generated from 58 pages
of the science curriculum because the codes are repeated throughout the curriculum not
only with different words but also with the same words. The codes that give the same
meaning were collected under the same code and category. Therefore, the high frequency
of the codes is not enough to say that the RFN is included well in the Turkish science
curriculum. The Turkish science curriculum should include the RFN systematically by

taking into consideration the progression among grade levels.

Furthermore, 525 of the codes belong to the cognitive-epistemic categories of the
RFN while 85 of the codes belong to the social-institutional categories of the RFN. This

means that the cognitive-epistemic aspects of science were referred to more than the
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social-institutional aspects of science in the Turkish science curriculum that was published
in 2018 by the National Ministry of Education. This finding is parallel with the study of
Okan (2021) that was examined 5", 6", 7", and 8" grade Turkish science textbooks using
in 2020-2021 education term from the RFN perspective. This means that the Turkish
science textbooks also referred to the cognitive-epistemic categories more than the social-
institutional categories. Kaya and Erduran (2016a) investigated the Turkish science
curricula that were published 2006 and 2013 and faced with the similar findings including
less social-institutional emphasis. International curriculum analysis findings were also
presented that the cognitive-epistemic categories were emphasized more than the social-
institutional categories (e.g. Cheung, 2020; Yeh et al., 2019). Other finding of the present
study shows that SP is the dominant category among the cognitive-epistemic categories
while PA is dominant category among the social-institutional categories. Moreover, the
frequency of SCD codes was found close to the PA category. This is because the same
code that is “presentation” was assigned to both of these categories. In contrast to the
dominant categories, AV is the least mentioned category among the cognitive-epistemic
categories while PPS is the least mentioned category among the social-institutional
categories. When these findings were compared with Okan (2021)’s textbook analyses, it is

possible to say that both of the studies reached the similar findings with minor differences.

The Turkish science curriculum was separated into 11 sections by the developers of
the curriculum and all sections were examined based on the RFN categories by the
researcher. The findings of the analysis showed that 469 of 610 codes belong to the
“structure section”. The structure section that includes units, subjects, and objectives of the
grade levels from 39 to 8" constitutes 43 pages out of 58 pages of the curriculum. This
means that the high page number is a possible reason to have a high code number in the
structure section. On the other hand, any code was not found in the sections of the
“assessment and evaluation approach” and ‘“result”. The assessment and evaluation
approach section includes general assessment and evaluation principles belonging to all
branches of curricula. In other words, assessment and evaluation principles are not special
to science education. This can be a reason for not founding any code about the RFN. The
result section includes the revision process of the curriculum. So, it can be accepted normal
to find no codes about the RFN. When the progression of the RFN among grade levels in

the structure section was investigated, it was seen that the total code frequencies decrease
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from 7™ grade to 3 grade. 8" grade level has the second highest code frequency in this
progression. The same progression is also valid for the cognitive-epistemic categories of
the RFN according to the content analysis of the study. The number of objectives can be a
reason for the progression among grade levels because 7" grade level has the most
objectives while 3 grade level has the least objectives. Therefore, it cannot be said clearly
that there is a systematic RFN progression in the Turkish science curriculum. This finding
is also valid for the Swedish curriculum for 1-9 grade levels (Leden & Hansson, 2015).
They stated that although NOS takes place in the Swedish curriculum, any progression
among grade levels was not found (Leden & Hansson, 2015). Furthermore, Olson (2018)
found only one document that contains NOS consistently among nine science standards
documents. Goren (2021) who investigated Turkish middle school students’ RFN
understandings found that 7" and 8" graders have high mean scores and understandings
based on the RFN Student Questionnaire and interviews. This can be meant that the
students who used the science curriculum published in 2018 were affected from the
inclusion of the RFN in the curriculum as directly proportional. This is because 7" and 8"
grade levels in the Turkish science curriculum contain more codes about the RFN. Below,
the inclusion of the cognitive-epistemic and social-institutional categories in the Turkish

science curriculum was discussed respectively one by one.

5.1.1.1. Cognitive-Epistemic Categories of the RFN. Aims and Values of Science (AV) is

one of the cognitive-epistemic categories of the RFN. The frequency of the AV category in
the Turkish science curriculum found as 41 and it includes the least code number among
the cognitive-epistemic categories. Moreover, the structure section includes most of the
code numbers (12 out of 41). It is also important how AV was included in the curriculum.
Some direct quotations that explain AV were given in the present curriculum. Kaya and
Erduran (2016a) also indicated that there are direct statements about AV in the Turkish
science curricula published in 2006 and 2013. “Finding solution for problems” and
“novelty” codes are frequently used codes and it is thought that these codes represent AV
well. However, it could be integrated other AV such as objectivity, accuracy, critical
examination, and decentralizing power that were proposed by Erduran and Dagher
(2014a). Furthermore, 7" grade level that has most codes in total and most of the
categories does not include any AV codes. This can be a sign that there is no progression

among grade levels in the AV category.
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Methods and Methodological Rules (M) is another category of the cognitive-
epistemic system. Based on the findings, M is the second least mentioned category in the
Turkish science curriculum and the structure section includes most of the code numbers
(31 out of 49). Moreover, the availability rate of the M in the structure section is much
more than the AV availability. In other words, the M category is given directly to students
with objectives more. However, no emphasis of non-hypothesis testing and non-
manipulative description in the curriculum was found, and a limited focus on hypothesis
testing and manipulative description was found. Erduran and Dagher (2014b) gave advice
to the Junior Cycle Science curriculum in Ireland that students are taught some scientific

methods are manipulative and some others are not.

Another cognitive-epistemic category of the RFN is Scientific Practices (SP). It was
found that most of the categories belong to the SP category in the Turkish science
curriculum. Okan (2021) also indicated that SP was highlighted most in her Turkish
science textbook analysis. Therefore, it can be said that there is a consistency in the
reflection of the curriculum to the textbooks in the context of the SP. The number of SP
codes is parallel with the variety of SP codes. This means that there is also code variety in
the category of the SP. “Explanation”, “observation”, “discussion”, and “experimentation”
are highly emphasized SP codes in the curriculum. The generated SP codes have similarity
with the Turkish science curricula published in 2006 and 2013 (Kaya & Erduran, 2016a)
and chemistry curriculum published in 2013 (Kaya & Erduran, 2016b). Furthermore, it can
be said that there is a partially progression among grade levels because the frequency of

codes increased from 4™ to 7" grade levels.

The last category of the cognitive-epistemic system is Scientific Knowledge (SK).
It is the second dominant category of the RFN in the Turkish science curriculum. The
curriculum mostly mentioned the scientific knowledge and knowledge as concepts.
However, this is not enough to teach the significance of SK for students. The codes about
the features of scientific knowledge which includes formulation of knowledge, cumulative
development of knowledge, and tentativeness of knowledge should be increased. Erduran
and Dagher (2014a) indicated teaching of how SK is formed in which criteria is important

for students’ understandings. Furthermore, although some few references to the examples
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of law, theory, and model separately were given, their interactions to generate scientific
knowledge were not mentioned. This situation is also valid for the Turkish middle school
science textbooks (Okan, 2021).

To sum up, there are some insufficiencies in the inclusion of the cognitive-
epistemic categories in the Turkish science curriculum although the frequency of the codes
is seen relatively as high. Furthermore, only progression is seen in the total code number
from 3 to 7" grade level. However, when each cognitive-epistemic category that is AV,
M, SP, and SK was investigated, a consistent progression among grade levels was not

found.

5.1.1.2. Social-Institutional Categories of the RFN. Social Certification and Dissemination

(SCD) is one of the social-institutional categories of the RFN. According to the findings of
the study, it is the second most mentioned category of the social-institutional system in the
Turkish science curriculum. However, generally, the inclusion of SCD can be seen as
insufficient because there is no emphasis on certification and ways of dissemination.
Therefore, it can be used more references that focus on peer-review, validation,
certification, and dissemination ways such as journals, conferences, and so on. Okan
(2021) found in her Turkish science textbook analysis that the content section of the
textbooks does not represent SCD well while the activity section of the textbooks
represents SCD more and suggested to increase the emphasis of certification and ways of

dissemination.

The other social-institutional category is Scientific Ethos (SE). The inclusion of the
SE category in the Turkish science curriculum is quite a few based on the content analysis
findings. Kaya and Erduran (2016a) also found no codes that represent SE in the 2006 and
2013 science curricula. This means that there is no progression among Turkish science
curricula in the inclusion of SE. One of the probable reasons for this situation can be that
the curriculum developers think of SE as independent from science education or as
difficult for students’ understandings. On the other hand, the reflection of SE into the
science-related textbooks was also found as limited according to both national (e.g. Okan,
2021; Saym, 2021) and international studies (BouJaoude et al., 2017; Park et al., 2020).
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For instance, BouJaoude et al. (2017) indicated that the SE category was found only in one

of the three science textbooks with one frequency.

Social Values (SV) is another social-institutional category of the RFN and its
inclusion in the Turkish science curriculum is not sufficient to teach SV. Moreover, there is
only one code for 3 and 4™ grade levels in the structure section of the curriculum. This
means that higher grade levels were not given direct objectives to teach SV. This can be
stemmed from that curriculum developers see SV as different from science education as
Okan (2021)’s implication.

Professional Activities (PA) has the highest code frequency among the social-
institutional categories. Although the number of the codes is relatively high, the variety of
the codes is limited with the codes of presentation and science fest. In other words, the
repetitiveness of the same codes is the reason for the PA frequency. Whereas, scientists
take part in many professional activities such as attending conferences, writing articles,
publishing in journals, searching funds, organizing projects, and so on (Irzik & Nola,

2014). Thus, the variety of PA can be reflected to science curricula.

Social Organizations and Interactions (SOI) that is one of the social-institutional
categories of the RFN was mentioned superficially in the Turkish science curriculum.
Kaya and Erduran (2016a) also indicated that 2013 Turkish science curriculum emphasized
SOl implicitly. This is a sign that science curricula did not revised by taking into
consideration the SOI category of the RFN. Direct references that emphasize universities
and research centers as social organizations can be added (Kaya & Erduran, 2016a).
According to the findings of the study, few codes of SOI were generated in 7" and 8"

grade levels even though other grade levels did not include any codes.

Financial Systems (FS) is one of the least referred categories of the RFN in the
Turkish science curriculum. This situation is also viable for previous curricula and
textbooks analyses. For instance, Saym (2021) concluded that only 12t biology and
chemistry textbooks include one or two FS references. Okan (2021)’s findings also showed

little emphasis of the FS category in the middle school science textbooks. Also, BouJaoude
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et al. (2017) did not find any codes about FS in the 9" grade Lebanese textbooks.
Furthermore, any codes of FS were not found in Turkish science-related curricula (Kaya &
Erduran, 2016a; Kaya & Erduran, 2016b).

Last category of the social-institutional system is Political Power Structures (PPS).
Only one code about PPS that is about the competitiveness of the country was found in the
curriculum content analysis. This can be stemmed from the idea that PPS should be
excluded from science or there is no relationship between PPS and science. Cheung (2020)

who examined the Hong Kong biology curriculum did not found any codes about PPS.

The inclusion of the social-institutional categories of the RFN in the Turkish
science curriculum is not enough to teach these categories to students. The previous
curriculum and textbooks analyses also supported these findings of the study. On the other
hand, if the social-institutional system of science is not given to students, their
understandings might be limited in the context of scientific works and science development
(Erduran & Dagher, 2014a).

5.1.2. Science Teachers’ Views ofthe RFN and Science Curriculum

The findings that were obtained from science teachers are discussed by taking into
consideration of the previous studies’ findings. This sub-section includes the discussion of

the science teachers’ views of the RFN and science curriculum.

5.1.2.1. Science Teachers’ Views of the RFN. Both findings of the RFN Questionnaire and

interviews of the science teachers are discussed in the context of the RFN here. The results
of the RFN Questionnaire show that the science teachers of the study have moderate and
high level RFN understandings with the mean of high level RFN understanding. In other
words, any teacher who has low level RFN understanding based on the questionnaire was
not found. This can be the result of selecting participants purposefully from the
researcher’s environment. When science teachers’ RFN understanding levels and their

demographic information were compared, it was realized that there is a relationship
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between RFN understanding levels and teaching experience. The science teachers who
have seven and more teaching experience have moderate level RFN understanding while
the science teachers who have five and less teaching experience have high level RFN
understanding. This can be a result that highly experienced science teachers forget the
theoretical NOS knowledge that was learned in the university or they never learned NOS in
their university times. On the other hand, any relationship between other demographic
information of the science teachers such as gender, school type, and educational status and
their RFN understanding levels was not found. Saif (2016) also indicated that informed
NOS conceptions of science teachers do not change based on gender as a result of a
questionnaire analysis. However, the results of the RFN Questionnaire are not enough to
have a comprehensive knowledge about science teachers’ views of the RFN. Therefore,
interviews were conducted with the teachers before the questionnaire. Interview findings
presented some naive views of the science teachers about the RFN categories in addition to
good explanations. Okan (2021)’s findings of science teachers’ NOS perceptions also are
in line with these findings. She stated that although her participants have high RFN levels
as a result of the questionnaire, naive views were found in the some categories as a result
of the interviews (Okan, 2021). Moreover, Azninda et al. (2021) stated that good
explanations about social-institutional aspects were not presented although teachers have
high scores in this category of the RFN Questionnaire. This can be a result of interview
questions. In other words, interview questions in this study can affect the questionnaire

scores of the teachers.

Before starting to discuss each category of the RFN, the science teachers’ views of
science and NOS itself were learned with the help of the interviews. The findings show
that some teachers could not define NOS and used the same words with the definition of
science. This can be a result of that NOS did not take place in science teachers’ trainings.
The findings of Saif (2016) and Aksoz (2019) also depicted that some science teachers

have insufficient NOS views based on the assessing NOS aspects.

The science teachers’ views of Aims and Values of Science (AV) were found
consistent in between the AV score of the RFN Questionnaire and interview findings to a

great extent. This is because naive views of AV belong to the teachers who took below
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mean score in AV category of the questionnaire. On the other hand, some of the generated
codes such as serving to humanity, understanding the universe, and complying with ethical
values were referred more as AV in the study. The other studies conducting with in-service
and pre-service teachers (e.g. Okan, 2021; Kaya et. al., 2019) also generated similar codes
about AV.

For the Methods and Methodological Rules (M) category of the RFN, it was found
that some science teachers do not have a proper view. Some of them mentioned research
steps as a misconception probably because they learned M from the books like that. This
finding is also obtained in Kaya et al. (2019)’s study with pre-service science teachers and
in Okan (2021)’s study with science teachers. Moreover, some teachers mentioned
unrelated things while explaining M. This was probably stemmed from their limited M

knowledge.

It was found that Scientific Practices (SP) is one of the unknown terms for the
science teachers because most of the teachers were needed more explanations. They also
did not make sure their explanations. On the other hand, it was interesting that the teachers
who a have high score in the SP category of the questionnaire made limited and naive
explanations. Additionally, the teachers who presented good explanations took scores on
the border of the SP mean. These findings showed that the mnterviews’ findings are
inconsistent with the RFN Questionnaire results. The reason for this inconsistency can be
that the items in the questionnaire reminded teachers their previous knowledge of SP. Okan
(2021) indicated that the reason of naive views can be the term of practice means easy to
apply in Turkish. In the present study, the codes of experimentation, observation, and
modeling were generated as dominant SP examples that the science teachers mentioned.
These codes are also common with Erduran et al. (2021)’s study that was conducted with

Turkish and English pre-service science teachers.

The findings of Scientific Knowledge (SK) are mostly in line with the studies in the
literature. Except for one science teacher, none of the teachers told the types of SK such as
theory, law, and model as in the studies of Okan (2021) and Kaya et al. (2019). This can be

a result of the textbooks did not emphasize theory, law, and model as types of SK because
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Okan (2021) mentioned this deficiency in her middle school textbooks analysis. Mihladiz
and Dogan (2014) also indicated that science teachers showed naive views about the types
of SK. In order to transfer types of SK to the students, teachers should know these concepts
and their interactions. In this way, students might understand the validity of a scientific

knowledge and usage in other disciplines (Erduran & Dagher, 2014a).

General views of the science teachers about the Social-Institutional System refer to
the social-institutional categories of the RFN. For instance, the codes of SCD, FS, and PPS
were generated as a result of the teachers’ interviews. Aksoz (2019) and Demirel (2021)
also generated similar codes from the teachers in their studies. This finding showed that the
science teachers have good views about the social-institutional system as Okan (2021)
implied. Furthermore, Erduran et al. (2021) indicated that pre-service science teachers in
Turkey looked at social-institutional system of science from a lot of perspectives like in

this study. These can be stemmed from that this system is closely related to daily life.

The findings of the science teachers’ interviews showed that all science teachers
have an idea about the Social Certification and Dissemination (SCD) category of the RFN.
Even though Aksoz (2019) mentioned the limited perceptions of the teachers, it was seen
that the science teachers explained SCD from different perspectives in the present study.
Dissemination channels and facing issues during SCD are common findings of both of

these studies that were obtained from teachers.

It can be said that the educational status of the science teachers affected the
explanations of the Scientific Ethos (SE). While the science teacher who is a doctoral
student gave many examples of SE, one of the science teachers who has a bachelor’s
degree could not give any example of SE. This may be a result of the positive effect of
graduate education on the teacher. In other words, because doctoral students experienced
scientific research by taking attention to SE, they can know more than bachelor’s degree

students.

It was found that there are some common codes in between Social Values (SV) and
SE based on the findings of the interviews. Okan (2021) also stated that the teachers
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mentioned about similar codes in SV and SE. Moreover, Aksoz (2019) presented the
findings of SV and SE under the single heading. On the other hand, the findings of the

present study showed that the science teachers’ views of SV were limited to some extent.

Like happening in the SP category of the RFN, Professional Activities (PA) was
seen uncertain by some science teachers. Therefore, they presented some naive views
about PA. The reason for uncertainty of PA can be that the term of activity evokes
activities in everyday or hobbies. For instance, playing golf was seen as PA by one of the
science teacher. Okan (2021) also mentioned one of her participants saw motivational

activities as PA in her study.

There is a consistency between the social-institutional aspect category of the RFN
Questionnaire and interviews in the context of the science teachers’ views of Social
Organizations and Interactions (SOI). Moreover, as in the Aksoz (2019)’s study, teachers
mentioned a lot of institutions where scientific knowledge is produced such as schools,

universities, laboratories and so on.

It was found that all science teachers support the idea of relationship between
science and Financial System (FS). This finding is also valid for the science teachers in
Okan (2021)’s study. Also, the teachers in the study made good explanations that
exemplify FS. This can be a result of that the finance is a necessity in all daily life
activities. Because of that, the teachers can be made good connections between science and
FS.

All of the science teachers have an idea about Political Power Structures (PPS)
according to the findings. This can be stemmed from the inclusion of PPS in daily life. Not
only positive sides of the politics on science but also negative sides of the politics on
science generated as dominant codes. On the other hand, two of the participants who have
moderate level RFN understandings abstained to mention their thoughts of PPS. This

situation also can be a result of politics.
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In brief, it was found that most of the science teachers have superficial knowledge
about NOS. Also, most of them did not know the categories of the RFN. However, the
teachers’ mterpretation skills of the RFN categories are not denied because they made
good comments while explaining the RFN categories. On the other hand, some categories
were not understood and thus naive views and misconceptions appeared. Mostly, any
relationship among demographic information of the science teachers and their views of the
RFN was not found. In contrast to this finding, Demirel (2021) indicated in her study that

science teachers who are graduate students have high RFN views.

5.1.2.2. Science Teachers’ Views of the Science Curriculum. Respectively, the views of

the science teachers about the Turkish science curriculum, implementation of NOS, and
inclusion of NOS in the curriculum are discussed with their suggestions. First of all, it was
found that the Turkish science curriculum is used mostly by the teachers who are working
in public schools. This is probably because of the accountability of public schools. In other
words, while some private schools can follow different curricula or make revisions in the
curriculum, public schools have to follow the curriculum as the main source within its
framework. Furthermore, it was found that the teachers mostly mentioned the objectives in
the curriculum. There were faced with some contradictions that stemmed from different
science teachers’ views in the context of the features of the curriculum and suggestions.
This is understandable because they explained their own views about the features of the

curriculum.

The implementations of NOS in the science lectures are in line with the previous
studies that were conducted with teachers. In this study, the experimentation was indicated
as the commonly used implementation example. At the same time, experimentation was
seen mostly referred NOS emphasis in the Turkish science curriculum. This can be a
reason for that the teachers implemented experimentation more in lectures. Demirel (2021)
also stated in her study that the experimentation is applied by all science teachers because
it takes place in the lesson units. The other NOS implementations that the science teachers
emphasized are daily life examples, models, argumentation, and student-centered
activities. Kaya et al. (2017) who gave place each RFN category implementation of the

science and chemistry teachers also found the same codes in their study. On the other hand,
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in the study, there is no example that the science teachers integrate social-institutional
categories of the RFN into their classroom implementations. Kurup (2014) stated that the
social aspects of science implementations are challenging for the science teachers based on
a study conducted with six science teachers. This can be a reason for not founding
examples about social-institutional categories in the present study. As suggestions,
integration of NOS to the curriculum and increasing of NOS sources were referred more
than the others by the science teachers. In addition to these suggestions, there were given
some common suggestions with Aksoz (2019)’s study such as NOS as an elective course,
in-service NOS training, and opportunities of schools. In-service NOS training for teachers
is important because when they feel competent about NOS, they can integrate their

knowledge into the lectures (Kaya et al., 2018).

The inclusion of the NOS in the Turkish science curriculum based on the science
teachers’ views is another finding of the study. Like happening in the implementation of
the teachers, it was said that the experimentation is referred to most in the curriculum by
the teachers. From the categories of the RFN, some science teachers thought that the
cognitive-epistemic categories referring to AV, M, SK, and SP take place in the curriculum
while some teachers thought that the social-institutional categories take place limited or
never in the curriculum. Demirel (2021) also stated that her participants agreed superficial
emphasis of social-institutional categories in the curriculum. These findings are consistent
with the findings of the Turkish science curriculum’s analysis in the present study.
Therefore, it can be said that the science teachers aware of NOS inclusion in the science

curriculum.

Except for one science teacher, all teachers agreed that NOS should take place in
the science curriculum. The other teacher thought that NOS is already mentioned in the
curriculum and did not give any suggestion. Kaya et al. (2018) indicated that integration of
the social-institutional categories into the syllabuses is significant because these shape the
teachers’ implementations. The teachers in the present study mostly focused on M and SK
categories of the RFN when their suggestions were asked. This can be a result of that these
teachers’ views were limited with these categories. On the other hand, providing NOS

examples that supported the implementation of NOS, more research that supported
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students’ research abilities, mentioning NOS explicitly under a topic or as objectives were

given as suggestions.

It is important that the science teachers interpret the science curriculum from the
NOS perspective. Therefore, the teachers’ NOS interpretations of quotations in the science
curriculum were found. In general, the teachers thought that the quotations have a
relationship with NOS. However, mostly limited explanations were presented by the
teachers. This can be a result of the limited RFN views. This means that there is a
consistency between science teachers’ RFN views and their interpretations of quotations.
Demirel (2021) also found that teachers who have limited NOS views could not make
connections with the science curriculum. On the other hand, Irez et al. (2018) stated that
although most of the science teachers showed informed views about most of the NOS
aspects, they could not interpret the inclusion of NOS in some scenarios. Thus, it can be
said that an informed NOS view is not enough to transfer NOS into the lectures (Irez et al.,
2018).

5.2. Implications of the Study

The study has significance because the findings of the study present a lot of
implications for different stakeholders such as policy makers, curriculum developers,
teachers, and educators. The implications of the study have the potential to improve the
inclusion of the RFN in the curriculum and implementation of the RFN in the classroom
environment. The suggestions of the participants were benefited from while explaining the

implications.

It was found that to some extent, there is a progression among grade levels in the
context of the RFN inclusion of the curriculum. However, this progression was seen as
imbalanced when it was looked at category by category. In other words, it is necessary to
consider the inclusion of the categories of the RFN among grade levels. Instead of
fluctuations among grade levels, the RFN should be integrated systematically and

holistically to the science curriculum. Moreover, as one of the participants in the study
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said, the RFN emphasis in the curriculum should be more explicit. In this way, teachers
can understand the importance of RFN and teach to students in lectures. However, in the
present science curriculum, some of the categories of the RFN were mentioned
superficially. Therefore, it is hard for these categories to be implemented in the classrooms.
Additionally, the curriculum might include implementation examples about the RFN.
Thus, teachers’ implementations of the RFN can get easy. The integration of the RFN to
the curriculum might also trigger the integration of the RFN in the textbooks. As a result, it

may be achieved that the students understand science from the RFN perspective.

Secondly, integration of the RFN to the curriculum and textbooks by oneself cannot
be effective. It is important to give pre-service and in-service teacher trainings about the
RFN because teachers are the practitioners of the RFN in classrooms. Therefore, teachers
should have a competent understanding about the RFN categories. However, the findings
of the study show that the participants have some naive views about the RFN categories
although they mostly have a high RFN understanding level. Teacher trainings can be
organized to increase teachers’ RFN awareness. However, these trainings should include
activities that the teachers can implement in classrooms. Thus, teachers might have more

enthusiasm to attend these trainings.

5.3. Limitations of the Study

There are some limitations of the present study that should be considered. One of
the limitations is that the analyzed curriculum is limited with the Turkish science
curriculum published in 2018 by the National Ministry of Education. In other words, the
data source of the study is the most current national science curriculum according to the
time of conducting the study. This curriculum was examined with the content analysis in
the scope of the RFN framework. This means that the generated codes and categories were

restricted by the RFN framework.

The second limitation is that the context of the study is limited to Turkey. Both the

analyzed science curriculum belongs to Turkey and science teachers have been working in
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Turkey. This means that the findings of the curriculum analysis and teachers’ views are

viable for the context of Turkey.

The third limitation of the study is about the participants of the study. Interviews
were firstly conducted with 10 science teachers and then gave them the RFN
Questionnaire. However, participants cannot represent whole views of the science teachers
about the RFN and curriculum because of the limited number. Also, the RFN
Questionnaire was given the teachers to answer in their convenient time. Therefore, in
which conditions they solve the questionnaire were not controlled. It was assumed that the

science teachers solve the questionnaire by paying attention to items.

Another limitation of the study can be that only science teachers were selected as a
participant. The aim of selecting science teachers as participants is that they have been
using the Turkish science curriculum and giving science lectures. However, in Turkey,
primary school teachers also have been using the Turkish science curriculum for their
science lectures. Therefore, their views of the RFN and curriculum would enrich the study

if they were attended to the study as participants.

The final limitation of the study is the lenses of the researcher. Before starting to
analyze data that came from the science curriculum and teachers, inter-rater reliability was
considered to and high agreement ratios were found among the researcher and two coders.
However, because of the nature of qualitative study, the same data can be analyzed and
interpreted in a different way by different researchers. This is because of the researcher’s

biases, interests, and so on.

5.4. Recommendations for Further Research

In this section, some recommendations for further research are presented. First of
all, it is important to examine the inclusion of the RFN in science curricula because it
affects how NOS is implemented in science lessons. Thus, it is suggested that recent

science-related curricula including primary school science, middle school science, and high
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school physics, chemistry, and biology education are investigated in the context of the
RFN. In this way, it can be seen the progression of NOS in the science-related curricula
with more holistically. In other words, it might be made comparison of the inclusion of the
RFN among grade levels from primary school to high school. Additionally, how the

inclusion of the RFN among curricula changes from past to present can be compared.

Secondly, in the study, some science teachers mentioned the elective science
application course that has the curriculum from 5™ to 8" grade levels. This curriculum also
is needed to be investigated from the RFN perspective to learn the representation of NOS.
Moreover, it might be examined how science teachers implement NOS during the elective
science application course. Therefore, it can be increased the effectiveness of this course

by taking attention of teachers, educators, and so on.

Another recommendation of the study is to increase the number of the
participants. In the present study, 10 science teachers were selected as participants by
paying attention to diversity and their views of RFN and curriculum were taken. However,
increasing number of the participants may result to get more representative findings. In
further research, researchers may select the participants not only from science teachers but
also from primary school teachers or high school physics, chemistry and biology teachers.
In this way, the views of different branches of teachers can be heard about the RFN and

science-related curriculum.
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APPENDIX C: INTERVIEW QUESTIONS FOR TEACHERS
(ENGLISH)

Teacher Interview Questions
Personal Questions
1. What is your teaching branch?
2. How many years of teaching experience do you have?
3. Do you work in a public or private school?
4

. What is your educational status? (Bachelor's, master's, doctorate, etc.)

Questions about the Nature of Science
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5. How would you define science with your own concepts? What comes to mind

when you think of science?

6. How would you describe the nature of science with your own concepts? What

comes to mind when you think of the nature of science?

7. What do you think the aims and values of science mean? What examples can you

give of the aims and values of science?

8. What do scientific methods mean? What examples of scientific methods can you

give?

- Are the scientific methods used by scientists uniform?

- Do scientific methods differ according to different branches of science? Or

are the same scientific methods used in all branches of science?

9. What do scientific practices mean? What examples of scientific practices can you

give?
10. What does scientific knowledge mean?
- Avre there different types of scientific knowledge? If so, what are they?

- Can scientific knowledge change over time? Please explain.

11. Does science have social and institutional aspects? If so, what could it mean? What

examples of social and institutional aspects of science can you give?

12. What do you think the social certification and dissemination process in science

means? In other words, how do scientists share their works?



13.

14.

15.

16.

17.

18.
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What does you think scientific ethos mean? In other words, do scientists follow
certain norms during their works and in their working processes with other
scientists? What might these norms be if they follow?

What do you think the social values of science mean? What examples of the social
values of science can you give?

Do scientists engage in professional activities? If they engage in professional
activities, what might they be?

What do you think social organizations and interactions mean? Where can
scientific knowledge be produced?

Is there a relationship between financial systems and science? If so, what kind of
relationship is there? Do scientists need money when conducting scientific
research?

Is there a relationship between the political power structures and science? If so,
what kind of relationship is there? Is science affected by political power structures?

Questions about the Curriculum

19.

20.

21.
22.

23.

24.

25.

Do you use the curriculum in your science lessons? To what extent and for what
purposes do you use it?

Does the science curriculum meet your expectations? Do you think there is any
deficiency? What are your suggestions regarding these deficiencies?

Do you teach your students the nature of science in your science lessons? How?
What are your suggestions about teaching and including the nature of science in
lessons?

Are there any emphases on the nature of science in the science curriculum? If any,
which components were highlighted?

Should the nature of science be included in the science curriculum? How can it be
included? What are your suggestions?

“In the process of discovering nature and understanding the relationship between
human-environment, adopting scientific process skills and scientific research
approach and producing solutions to the problems encountered in these fields”
(MEB, 2018a, p.9) is one of the main purposes of the Science Curriculum. Do you
think this purpose is related to the nature of science? If so, which component or

components of the nature of science do you think has to do with it? Please explain.
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27.

28.

29.
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“To help understand how scientific knowledge is created by scientists, the
processes that this knowledge goes through and how it is used in new research”
(MEB, 2018a, p.9) is one of the main purposes of the Science Curriculum. Do you
think this purpose is related to the nature of science? If so, which component or
components of the nature of science do you think has to do with it? Please explain.
“To ensure the adoption of universal moral values, national and cultural values and
scientific ethical principles” (MEB, 2018a, p.9) is one of the main purposes of the
Science Curriculum. Do you think this purpose is related to the nature of science?
If so, which component or components of the nature of science do you think has to
do with it? Please explain.

“Presents the observation results of a plant's life cycle. It is expected to monitor the
development of a plant for a certain period of time and to record the observation
results” (MEB, 2018a, p.18). Do you think that this objective in the Science
Curriculum is related to the nature of science? If so, which component or
components of the nature of science do you think has to do with it? Please explain.
“Discusses the importance of conscious and efficient use of electrical energy in
terms of family and national economy. The studies carried out by official
institutions and non-governmental organizations in our country on energy
efficiency and the things to be done i terms of electrical energy use are stated”
(MEB, 2018a, p.54). Do you think that this objective in the Science Curriculum is
related to the nature of science? If so, which component or components of the

nature of science do you think has to do with it? Please explain.
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APPENDIX C: INTERVIEW QUESTIONS FOR TEACHERS
(TURKISH)

Ogretmen Goriisme Sorular

Kisisel Sorular

1.

2
3.
4

Ogretmenlik bransmiz nedir?

. Kag senelik 6gretmenlik tecriibeniz var?

Devlet okulunda mi, 6zel okulda mu1 ¢alistyorsunuz?

. Egitim durumunuz nedir? (Lisans, yiiksek lisans, doktora vb.)

Bilimin Dogasi ile ilgili Sorular

5.

10.

11.

12

Bilimi kendi kavramlarmiz ile nasil tammlarsmiz? Bilim deyince aklniza ne
geliyor?

Bilimin dogasm kendi kavramlarmiz ile nasil tanimlarsmiz? Bilimin dogasi
deyince aklniza ne geliyor?

Bilimin amaglar1 ve degerleri sizce ne anlama geliyor? Bilimin amag¢ ve degerlerine
hangi ornekleri verebilirsiniz?

Bilimsel yontemler ne demektir? Bilimsel yontemlere hangi Ornekleri
verebilirsiniz?

Bilim insanlarmi kullandig1 bilimsel yontemler tek tip midir?

Bilimsel yontemler farkh bilim dallarma gore degisiklik gosterir mi? Yoksa biitiin
bilim dallarmda ayni bilimsel yontemler mi kullanilir?

Bilimsel pratikler ne demektir? Bilimsel pratiklere hangi 6rnekleri verebilirsiniz?
Bilimsel bilgi ne demektir?

Bilimsel bilginin farkl tiirleri var mudir? Varsa nelerdir?

Bilimsel bilgi zamanla degisebilir mi? Ac¢iklaymiz.

Bilimin sosyal ve kurumsal yonleri var midr? Varsa ne anlama geliyor olabilir?
Bilimin sosyal ve kurumsal yonlerine hangi 6rnekleri verebilirsiniz?

. Bilimdeki sosyal kabul ve yayilim siireci sizce ne anlama geliyor? Diger bir deyisle
bilim insanlari ¢alismalarm nasil paylasirlar?
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15.

16.

17.

18.
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Bilimsel degerler sizce ne anlama geliyor? Diger bir deyisle bilim mnsanlar
cahsmalar1 siliresince ve diger bilim mnsanlar1 ile olan cahsma siireclerinde belirli
normlar takip ederler mi? Takip ederlerse bu normlar neler olabilir?

Bilimin sosyal degerleri sizce ne anlama geliyor? Bilimin sosyal degerlerine hangi
ornekleri verebilirsiniz?

Bilim insanlar1 profesyonel aktivitelerde bulunurlar mi? Eger profesyonel
aktivitelerde bulunurlarsa bunlar neler olabilir?

Sosyal kurumlar ve etkilesimler sizce ne anlama geliyor? Bilimsel bilgi nerelerde
iretilebilir?

Finansal sistemler ve bilim arasmnda iliski var mudr? Varsa nasil bir iliski vardir?
Bilimsel arastrmalar yapilirken bilim insanlari paraya ihtiya¢ duyarlar mi?

Politik glic yapist ve bilim arasmnda iliski var midr? Varsa nasil bir iliski vardr?
Bilim politik giic yapilarmdan etkilenir mi?

Ogretim Programina Yonelik Sorular

19.

20.

21.

22.

23.

24.

25.

Fen  bilimleri  derslerinizde  ogretim  programmi  kullantyor — musunuz?
Kullantyorsaniz ne dlgiide ve hangi amaglarla kullantyorsunuz?

Fen bilimleri dersi Ogretim programi beklentilerinizi karsiiyor mu? Herhangi bir
eksikligi oldugunu disiiniiyor musunuz? Bu eksikliklerle ilgili Onerileriniz
nelerdir?

Fen bilimleri dersinde 6grencilerinize bilimin dogasmi 6gretiyor musunuz? Nasil?
Bilimin dogasmmn derslerde Ogretilmesi ve derslere dahil edilmesi konusunda
onerileriniz nelerdir?

Fen bilimleri dersi 6gretim programmda bilimin dogasma yonelik vurgulamalar var
mudir? Varsa hangi bilesenleri vurgulanmistir?

Fen bilimleri dersi 6gretim programmda bilimin dogasma yer verilmeli midir?
Nasil yer verilebilir? Onerileriniz nelerdir?

“Dogann kesfedilmesi ve insan-gevre arasindaki iligkinin anlasiimasi siirecinde,
bilimsel siire¢ becerileri ve bilimsel arastrma yaklasmmmi benimseyip bu alanlarda
kargilagilan sorunlara ¢oziim {iiretmek” (MEB, 2018a, p.9) Fen Bilimleri Dersi
Ogretim Programmnda yer alan temel amaglardan biridir. Bu amacm bilimin dogasi
ile iligkisi oldugunu diisiinliyor musunuz? Disiiniiyorsaniz bilimin dogasmin hangi

bileseni ya da bilesenleriyle iliskisi oldugunu diistiniiyorsunuz? Agiklaymiz.
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“Bilim insanlarmca bilimsel bilginin nasil olusturuldugunu, olusturulan bu bilginin
gectigi siliregleri ve yeni arastrmalarda nasil kullanildigmi anlamaya yardimci
olmak” (MEB, 2018a, p.9) Fen Bilimleri Dersi Ogretim Programmda yer alan
temel amaglardan biridir. Bu amacm bilimin dogasi ile iliskisi oldugunu diisiiniiyor
musunuz? Diisliniiyorsaniz bilimin dogasmm hangi bileseni ya da bilesenleriyle
iliskisi oldugunu diigtiniiyorsunuz? Aciklaymiz.

“Evrensel ahlak degerleri, milli ve Kkiiltiirel degerler ile bilimsel etk ilkelerinin
benimsenmesini saglamak” (MEB, 2018a, p.9) Fen Bilimleri Dersi Ogretim
Programmda yer alan temel amaclardan biridir. Bu amacm bilimin dogas: ile
iliskisi oldugunu diisliniiyor musunuz? Diisiiniiyorsaniz bilimin dogasmm hangi
bileseni ya da bilesenleriyle iliskisi oldugunu diisiiniiyorsunuz? Aciklaymiz.

“Bir bitkinin yasam dongiisiine ait gézlem sonuglarmi sunar. Bir bitkinin belirli bir
stire boyunca gelisiminin izlenmesi ve gézlem sonug¢larimin kaydedilmesi beklenir”
(MEB, 2018a, p.18). Fen Bilimleri Dersi Ogretim Programmda yer alan bu
kazanmm  bilimin  dogas1 ile  iliskisi  oldugunu  diisiiniyor = musunuz?
Diisiintiyorsaniz  bilimin dogasmmn hangi bileseni ya da bilesenleriyle iliskisi
oldugunu diistiniiyorsunuz? Aciklaymz.

“Elektrik enerjisinin bilingli ve tasarruflu kullanilmasmm aile ve {iilke ekonomisi
bakimmndan 6nemini tartisir. Enerji verimliligi konusunda iilkemizdeki resmi
kurumlar ve sivil toplum kuruluslar: tarafindan yapilan ¢alismalar ve elektrik
enerjisi kullanum bakimindan yapilmasi gerekenler belirtilir’ (MEB, 2018a, p.54).
Fen Bilimleri Dersi Ogretim Programmda yer alan bu kazanmm bilimin dogas: ile
iliskisi oldugunu diisliniiyor musunuz? Diisiiniiyorsaniz bilimin dogasmnm hangi

bileseni ya da bilesenleriyle iliskisi oldugunu diisiiniiyorsunuz? Aciklaymiz.
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APPENDIX D: RFN QUESTIONNAIRE

RFN QUESTIONNAIRE (ENGLISH)

Directions: In this questionnaire, there are 70 statements about the nature of science.
Please read the following statements and then select the alternative that best describes your
position on the statement. The alternatives are “Totally Disagree”, “Disagree”, “Not Sure”,

“Agree” and “Totally Agree”.

Totally Disagree
Disagree

Not Sure

Agree

Totally Agree

1. Science lessons should include financial (economical) aspects

of science.

2. Epistemic, cognitive and cultural values of science cannot be

distinctly distinguished from each other.

3. Scientific knowledge does not change.

4. Scientists review and assess each other’s work.

5. The power of experimentation comes from testing a scientific

hypothesis many times by scientists.

6. Concept maps can be an effective way of teaching

classification as scientific practice.

7. Science takes place in institutions such as universities and

research centres.

8. All scientific disciplines such as physics, biology and

chemistry use the same scientific method.

9. Science is asocial system.

10. Scientific progress occurs when ideas are evaluated and
revised.

11. Each branch of science has a different nature.

12. Students should determine the methods of their science

investigations themselves.

13. Politics does not influence science.
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14. Scientists should respect the environment.

15. Analysis and interpretation of data are components of

scientific practices.

16. Theories and laws are forms of scientific knowledge but

models are not.

17. Teaching scientific aims and values of science is likely to

improve students’ understanding of science.

18. Scientists don’t have to share their research with society.

19. Scientists build and use models to understand complex

scientific phenomena.

20. The diversity of scientists solving a problem together means
less biased results.

21. Students should understand that theories are a collection of

models.

22. There is no step by step order to doing science.

23. All branches of science use observations.

24. Diversity of methods contributes to scientific understanding.

25. All hypothesis testing is manipulative.

26. Some branches of science do not use representations.

27. Educating students about scientific aims and values
improves scientific literacy.

28. Scientists have to use different methods to produce enough
evidence so that they can solve problems.

29. Students should be encouraged to collaborate with their
peers in science lessons because scientists collaborate with other

scientists when doing research.

30. Scientific knowledge consists of a coherent set of ideas.

31. The curriculum should stress that theories in chemistry and

physics are the same.

32. Scientists need money to do research.

33. Classification helps scientists explain and predict

phenomena.

34. All scientific disciplines such as physics, biology and
chemistry produce values that can contribute to society.
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35. It does not make a difference to students’ learning of science

when they participate in discussions about experimental data.

36. The gender of scientists influences how they do science.

37. There is a universal scientific method that all scientists use

all over the world.

38. Scientific experiments follow a certain set of procedures.

39. Intellectual honesty in science does not have to be taught in

science lessons.

40. Scientists should change their minds when they realise that
their ideas are not supported by evidence.

41. Policies of governments affect the growth of scientific
knowledge.

42. Students should sometimes have the choice to design

methods for their investigations.

43. Laws are theories that are confirmed.

44, Scientific models are tools to represent the real world.

45. Some scientists earn more money than others, causing

tension between scientists.

46. Scientific facts are not affected by bias and individual
subjective

prejudices of scientists.

47. Science teaching should specify that laws are certain and
unchangeable.

48. Race and ethnicity of scientists have nothing to do with

science.

49. Changing variables is a fundamental requirement for a
scientific study.

50. Theories, laws and models work together to produce
scientific knowledge.

51. Teaching epistemic, cognitive, social and cultural values

should be the core components of the science curriculum.

52. Different branches of science like physics, biology and

chemistry have the same practices.

53. Scientists write papers in academic journals.

54. There are different kinds of theories. Some are accepted,
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others are still debated.

55. Science curriculum should not only cover scientific

knowledge, but also the social and cultural aspects of science.

56. There is no relationship between scientific facts and values.

57. Scientists from all branches of science validate scientific

knowledge by evaluating each other’s ideas.

58. Scientists participate in conferences to share their research
with other scientists.

59. Understanding scientific methodology can help students
distinguish between science and non-science.

60. All scientific disciplines such as physics, biology and
chemistry require constructing hypotheses.

61. There are standards for evaluating the quality of scientific

work.

62. Internalizing scientific aims and values enables students to
understand scientific know ledge.

63. Models can help scientists to explain and predict

phenomena.

64. Scientific practices produce knowledge and are not
influenced by cultural factors.

65. Students should understand that scientists need to have

social values such as honesty.

66. Laws are more verifiable scientific knowledge than theories.

67. There are social hierarchies among science teams and these
can change.

68. It’s not necessary for students to understand how knowledge
develops in science.

69. Scientific aims and values affect scientists’ choice of

methods in their investigations.

70. Scientists socially interact with other scientists while doing
research.
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APPENDIX D: RFN QUESTIONNAIRE

BILIMIN DOGASI ANKETI (TURKISH)

Yonerge: Bu ankette bilimin dogasi hakkimda 70 madde bulunmaktadr. Liitfen bu
maddeleri dikkatlice okuyun ve maddelere iligkin fikrinizi en iyi tanimlayan secenegi
se¢in. Anketteki secenekler “Kesinlikle Katimiyorum”, “Katilmiyorum”, “Kararsizim”,
“Katihyorum” ve “Kesinlikle Katiliyorum” seklindedir.

Kesinlikle Katilmiyorum
Kesinlikle Katiliyorum

Katilmiyorum
Kararsizim
Katiliyorum

1. Fen dersleri bilimin finansal (ekonomik) yoniinii icermelidir.

2. Bilimin epistemik (bilgisel), biligsel ve sosyal yonleri
birbirinden ¢ok belirgin bir sekilde ayrilamaz.

3. Bilimsel bilgi degismez.

4. Bilim insanlar1 birbirlerinin ¢alismalarmi inceler ve

degerlendirir.

5. Deneyin gii¢lii olmasmin sebebi bir bilimsel hipotezin bilim

insanlar1 tarafindan birgok defa test edilmesidir.

6. Kavram haritalari, bilimsel pratiklerden smiflandirmanmn

Ogretilmesi i¢in etkili bir yontem olabilir.

7. Bilim, tiniversiteler ve aragtirma merkezleri gibi kurumlarda

gerceklesir.

8. Fizik, kimya ve biyoloji gibi biitiin bilimsel disiplinler ayn1
bilimsel yontemi kullanir.

9. Bilim sosyal bir sistemdir.

10. Bilimsel ilerleme fikirlerin degerlendirilmesi ve gézden
gecirilmesiyle gercgeklesir.

11. Bilimin her bransi farkh bir dogaya sahiptir.
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12. Ogrenciler deney yaparken kullanacaklar1 yontemleri

kendileri belirlemelidir.

13. Politika bilimi etkilemez.

14. Bilim insanlar1 gevreye saygi gostermelidir.

15. Verilerin analizi ve yorumlanmasi, bilimsel pratiklerin

bilesenlerindendir.

16. Teoriler ve yasalar bilimsel bilgi tiirleridir; ancak modeller

bilimsel bilgi tiirti degildir.

17. Fen derslerinde bilimin amag ve degerlerini 6gretmek,

ogrencilerin biligsel beceri seviyesini arttirr.

18. Bilim insanlar1 aragtrmalarmi toplumla paylagsmak zorunda

degillerdir.

19. Bilim insanlar1 kompleks bilimsel fikirleri anlayabilmek i¢in

modeller olugturup kullanirlar.

20. Bir problemin farkli bilim insanlar1 tarafindan ¢éziilmesi,

sonuglarn daha az 6nyargih oldugu anlamma gelir.

21. Ogrenciler teorilerin, modellerin birlestirilmis hali oldugunu

anlamaldirlar.

22. Bilim yaparken adim adm takip edilecek bir siralama
yoktur.

23. Gozlem tiim bilim dallarmda kullanilir.

24. Yontemlerin cesitliligi bilimsel anlayis1 artirir.

25. Biitiin hipotez testleri manipiilatiftir.

26. Bilimin bazi dallarinda simgeler (6rnegin sekil, sembol ya da
resim) kullanilmaz.

27. Ogrencileri bilimin amag ve degerleri hakkinda egitmek
bilimsel okuryazarhg: gelistirir.

28. Bilim insanlari, problemleri ¢ézebilecek yeterli kanit

iiretebilmek icin farkh yontemler kullanmak zorundadirlar.

29. Bilim insanlar1 aragtirma yaparken diger bilim insanlariyla
igbirligi yaptiklari i¢in 6grenciler de fen derslerinde akranlariyla
isbirligi yapmalar1 i¢in tegvik edilmelidir.

30. Bilimsel bilgi birbiriyle uyumlu olan fikirler dizisinden

olusur.

31. Miifredat, kimya ve fizikteki teorilerin ayni oldugunu




169

vurgulamaldir.

32. Bilim insanlar1 aragtirma yapmak i¢in paraya ihtiyag

duyarlar.

33. Smiflandirma bilim insanlarmmn olaylar1 agiklamasma ve

tahmin etmesine yardimciolur.

34. Fizik, biyoloji ve kimya gibi tiim bilimsel disiplinler topluma

katkida bulunabilecek degerler tiretir.

35. Ogrencilerin deneysel verilerle ilgili tartismalara katiimalar1

onlarm bilimi 6grenmelerini etkilemez.

36. Bilim insanlarmm cinsiyetleri onlarm bilimi nasil

yaptiklarmi etkiler.

37. Bilim insanlarmm diinyann her yerinde kullandig1 evrensel

bir bilimsel yontem vardir.

38. Bilimsel deneyler yapilirken belli bagh prosediirler takip

edilir.

39. Bilimdeki entelektiiel diriistliik kavraminmn derslerde

ogrencilere 0gretilmesi zorunlu degildir.

40. Bilim insanlar1 diisiincelerinin kanitlarla desteklenmedigini

fark ettiklerinde fikirlerini degistirmelidir.

41. Hiikiimetlerin politikalar1 bilimsel bilginin gelisimini etkiler.

42. Ogrenciler bazen arastirmalarinda kullanacaklar1 yontemleri

belirleme hakkina sahip olmahdir.

43. Yasalar dogrulanmis teorilerdir.

44. Bilimsel modeller, gercek diinyay1 temsil eden araglardir.

45. Bazi1 bilim insanlarmin digerlerinden daha fazla para

kazanmasibilim insanlar1 arasinda gerginlige yol acar.

46. Bilimsel gercekler, bilim insanlarmin 6nyargilarmdan ve

0znel diisiincelerinden etkilenmez.

47. Bilim ogretiminde yasalarm kesin ve degismez oldugu

belirtilmelidir.

48. Bilim insanlarmm wklarmm ve etnik kokenlerinin, bilimle
hicbir ilgisi yoktur.

49. Degiskenleri degistirmek bilimsel bir ¢alisma i¢in temel
kosuldur.

50. Teoriler, yasalar ve modeller birlikte ¢alisarak bilimsel bilgi
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uretir.

51. Epistemik, bilissel, sosyal ve kiiltiirel degerleri 6gretmek fen

miifredatmm temel bilesenleri olmahdir.

52. Fizik, biyoloji ve kimya gibi farkl bilim dallar1 ayni
pratiklere sahiptirler.

53. Bilim insanlar1 akademik dergilerde makaleler yazarlar.

54. Farkh tiirde teoriler vardir. Baz1 teoriler kabul edilmistir,
bazilar1 ise hala tartisiimaktadir.

55. Fen miifredati sadece bilimsel bilgiyi degil, bilimin sosyal,

kiiltiirel ve epistemik yonlerini de kapsamalidir.

56. Bilimsel gercekler ve degerler arasinda higbir iligki yoktur.

57. Ttum bilim dallarmda, bilim nsanlar1 birbirlerinin fikirlerini
degerlendirerek bilimsel bilgiyi dogrularlar.

58. Bilim insanlari, arastirmalarmi diger bilim insanlariyla

paylasmak i¢in konferanslara katilirlar.

59. Bilimsel yontemleri anlamak 6grencilerin bilim ile bilim dis1

arasmdaki ayrim1 yapmasma yardmmci olabilir.

60. Fizik, biyoloji ve kimya gibi tiim bilim dallarinda hipotez

olusturulmasi gerekir.

61. Bilimsel ¢alismanm kalitesini degerlendirmek igin

olusturulmus standartlar vardir.

62. Bilimsel amag ve degerlerin i¢sellestiriimesi 6grencilerin

bilimsel bilgi ve konular1 anlamalarma yardimciolur.

63. Modeller bilim insanlarmin olaylar1 agiklamalarma ve

tahmin etmelerine yardimciolur.

64. Bilimsel pratikler bilginin {iretiimesini saglar ve kiiltiirel

faktorlerden etkilenmezler.

65. Ogrenciler bilim insanlarmm diiriistliik gibi sosyal degerlere

sahip olmalar1 gerektigini anlamahdr.

66. Yasalar teorilere gore daha dogrulanabilir bilimsel
bilgilerdir.

67. Bilim ekipleri arasinda birtakim hiyerarsiler vardir ve bu
hiyerarsiler degisebilir.

68. Ogrencilerin bilimsel bilginin nasil gelistigini anlamalar1
gerekli degildir.
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69. Bilimsel amag ve degerler, bilim insanlarmm yontem

secimini etkiler.

70. Bilim insanlar1 aragtrma yaparken diger bilim insanlartyla

sosyal olarak etkilesimde bulunurlar.
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APPENDIX F: TURKISH VERSION OF THE SCIENCE TEACHER
QUOTATIONS FROM INTERVIEWS

1. Bilimi nasil tanimlarm? Aslnda msanlarm ihtiyacimdan ¢ogunlukla dogmus
oldugunu diisiiniiyorum. Bununla beraber meraktan, ihtiyaglardan yaratict bir seyler

olusturma adma genel olarak sdyleyebilirim.

2. Yani bilimin dogasi denilen sey bilimin dogasmdaki yani bilime o6zgli ozellikler
herhalde. Nasil? Kavramsal olaraksa yani bilimin dogas1 degiskenlik gosterir. Yine
aslnda benzer seyleri belki konusacagim. Kanita, veriye dayal, iste deneye,
gozleme dayah elde edilen bilgilerdir.

3. Bilimin amaci bence nsanhga hizmet olmah her seyden dnce. Su an yasadigimiz
pandemi doneminde de bilimin ne denli hizmet ettigini hep beraber goriiyoruz. Su
an asilar olmasaydi zaten gercekten su an hayatta olmayabilirdik. Bilimin amaci
bence ¢ok biiyiik.

4. Bilimsel yontemler bilimsel bilgiye ulasma yollar1 ashnda. Bunlar modern bilimde
deney, gdzlem gibi yontemler.

5. Farkhlik gosterir diye diisiinliyorum. Simdi bu konuyla ilgili cok biiyiik boyle alan
hakimiyeti olan bir nsan degilim. Ama bir mantikk kurdugumuzda evet bell
bilimsel yontemler vardr. Insanlar arastrmalar1 dogrultusunda da bu bilimsel
yontemlerden kendileri icin en dogru olam segerler. Ama tabii ki hepsinin
izleyecegi yol genel hatlartyla aym olmahdr diye diisiiniiyorum. Once bir fikir
olusturma sonra onu gozlemleme, arastrma yapma. Sonra onu bir seye

dayanaklandirma seklinde ilerlemelidir diye diistiniiyorum.

6. Bilimsel pratiklerde seyler mesela bilgiyi hani daha dogrusu... Bilgi denir mi?
Bilgiyi arastiriyoruz veya bir deney yapiyoruz. Bunun sonucunda bize bir veri
geliyor. Bu veriyi biz ne yapiyoruz iste birileriyle tartisiyoruz veya iste onlarla ilgili

raporlar sunuyoruz.
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Bilimsel bilgi aslnda belli otoritelerce yani hani bu bilimle ilgilenen birtakim
kurumlar tarafindan hakemler aracihigiyla onaylanmig ¢alsmalar sonucunda elde
ettigimiz bilgiler.

Bilimsel bilginin farkh tiirleri. Yani aklmda bir sey canlanmadi su an ya.

Universitede okuyah baya olmus evet unutmusuz.

Ya zamanla tabii ki degisir. En kolay seyi fizikte gosterebilirim. Fizikte ¢ok uzun
bir silire hayat mekanik stiine kuruluydu. Yani mekanik bashg adi altmda
topladigmmiz fiziksel bilgiye sahiptik. Ama daha sonra bunun {istiine gelen rolativite

mesela bir siirii bildigimiz bilginin degismesine sebep oldu.

Bilimin sosyal yonii tabii ki de var. SOyle bilimin sosyal yonii var hatta: En
basitinden herkesin de aklma gelecedi gibi konferanslar. Mesela bilim mnsanlari
calismalar yapiyorlar. Onlar1 ne yapiyorlar? Konferanslarda sunuyorlar. Bildiriler
yaymliyorlar.

Arastrma yapan insanlarm maddi yonden desteklenmesi gerekiyor ¢linkii arastirma
yapmak maliyetli bir sey, zaman gerektiren bir sey. Bunun bir yerden fonlanmasi
gerekiyor. Bu fonun da bir kurum tarafindan biiyiikk oranda kurumlar tarafindan

karsilanmasi gerekiyor. Bu acilardan kurumsal yonii olabilir.

Tabii ki de bilim insanlar1 yaptiklar1 bir seyi paylasmak ve diger bilim insanlar1 ile
tabii ki de paylagsmak zorundalar ashnda ¢iinkii tek baslarma iirettikleri bir sey onay
almamis oluyor tabii ki de. Ve f{istiine bir sey eklenmemis oluyor veya
degerlendirilmemis oluyor. O ylizden kesinlikle tabii ki de sey yapihyor bilimsel
bilgi veya iste bu calsmalar toplulukla paylasiyor. Bu sekilde ashnda giivenirligi

ve gegerligi artiyor yani.

Yani nasil paylastyorlar? Bir kere paylasmalari i¢in bir zemin olmah. Su an mesela
ortak bir bilimin amaci olmasi da bu. Latince biliyorsunuz bilim dilinde 6zellikle
fende ortak kullamlan bir dil gibi.

Kendi yorumumu sdylemem gerekirse olmasi gerekiyor degerin tabii. Ama sunu da

tahmin edebiliyorum ya da en azmdan olabilecegini diisiiniiyorum: Cok ahlaki, etik
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durumlara bagh kalndiginda bir yere kadar ilerleme kaydedilecegini. Her bilginin
bu sekilde ya da her bilimsel verinin bu sekilde ulasilamayacagm diisiiniiyorum.

Ama bir yanda da tabii ¢ok da degerleri kaybetmemeli bir yam var.

Yani bilimsel degerler tabii bir kere veri setinin a¢ik hale gelmesi, seffaf olmasi.
Arastrma yontemlerini ayrmtih olarak verebilmek, sunabilmek, aciklayabilmek.
Ondan sonra elde ettigin dolayisiyla veri setinin seffaf olabilmesi gerektiginde.
Ondan sonra tabii dogruluk iste mesela sey konusunda mesela katiimcilar
konusunda. Katihmcilarin bilgilerini dogru verebilmek.

Bilimin sosyal degerleri... Bilimin sosyal degerleri deyince biraz daha toplumla
sanrm olan iliskisi ve etkisi ne diye akhma geliyor su anda.

Bilimin sosyal degerleri... Hi¢ diisiinmedim. Yani bilimin sosyal degerleri neler
olabilir? Insanlarm hayatmi kolaylastiran her sey diyebilirim ¢iinkii... bilimin sosyal
yasantida ne gibi faydasi olabilir? Sosyal yasantimizda su an zaten zaman ¢OK
degerli. Herkesin her seyi daha kolay, daha hizh yapabilmesini saglayan bir sey
bilim diye diistiniiyorum.

Profesyonel aktivitelerde evet bulunuyorlar. Zaten bu bildiri, konferanslar felan da
amaci birazcik da profesyonel bir ¢alisma imkani, kisilerin bir araya gelmesi. Bu
kisiler bir araya geldikleri zaman yaptiklar1 ¢alismalardan bahsediyorlar.

Hangi aktivite derseniz. Yani golf oynamak bile bir bilim insani igin bence ¢ok
cabuk Ogrenilebilir veya ¢ok kolay kavraniabilir. Cok kolay basarii noktaya
ulasilabilir bir aktivite olabilir.

Etkilesim mutlaka vardir. Hani mesela once soyledigim gibi uzay arastirmalarmnda
ilk bagta NASA vardi diinyada. Ve hani ondan takiben TESLA mesela kendine 6zel
olarak uzay arastrmalar1 gerceklestirmeye basladi. Ve hani mutlaka etkilesim

vardr. Olmasa zaten bilim gelisemez diye diigiiniiyorum.

Bilimsel bilgi her yerde firetilebilir. Yani bir kuruma, bir politikann i¢ine veya

herhangi sadece belli bir kesime koymak gereksiz. Bunun tabii bir egitimden
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geemek onu kolaylastrabilir. Ama bilimsel bilginin iretildigi yer bence hani

mekandan smirsiz yani bagimsizdr.

Simdi finansal sistemler deyince anladigim kadariyla bu isin maddi boyutu ve
bunun bu anlamda ona ¢ahsma saglanmasi i¢in uygun ortamlarm ya da olanaklarm
saglanmasi durumu geliyor. Simdi bir bilginin ortaya c¢ikmasi i¢cin tabii ki bunun
icin finansal bir alt yapiya gerek olmayabilir. Ama onun ispatlanmasi, arastirilmasi,
gozlem yapilmasi ve bir seye dayanaklandirimasi i¢cin ve herkes tarafindan kabul
edilmesi i¢in yapilmasi gereken arastrmalarda mutlaka bir finansorliik gerekiyor

diye diisliniiyorum.

Keske olmasa ama finansal olarak desteklenmedigi stirece bilimsel anlamda
ilerleme kaydedemiyorsun ne yazik ki. Ciinkii herhangi bir deneyi yapmak bazen az
once de konustugumuz gibi yillar siirebiliyor. Insanlarm kendi hayatlarmi da devam
ettirmesi gerekiyor ya da bilimsel caligmalar malzeme, altyapt gerektiriyor. Yeri
geliyor bir malzemenin, iste atiyorum Cern’den bir carpistricmm hizi milyon
dolarlar1 bulabiliyor. O ylizden mali olarak fonlanmak maddi olarak ¢ok biiyiik

glicler gerektiriyor. Maalesef ¢cok alakalilar.

Kesinlikle politik olarak da vardr. Devletler kendi ¢ikarlarma hizmet edecek olan
cahsmalara daha ¢ok destek verebilirler veya bazilarmi engellerler. Baz1 ¢alismanm

yapilmasma izin vermeyebilirler.

Ogretim progranmmi kullantyor muyum derken yani ne kullaniyorum diyebiliriz, ne
kullanmiyorum diyebiliriz. Tamamen bagmsiz degilim. Bagmsiz degilim derken
kopuk degilim. Ama tabii ki ylizde yiliz kullantyor musunuz derseniz hayir

kullanmryorum.

Yani sOyle kazammlari zaten Ogretim programn kazanmlart igeriyor agwhkh
olarak. Konular var 6gretim programmda. Bir de baslangic kismu filan var sadece.
Orada mesela degindigi konular olabiliyor. Ama o baslangic yani igerik, baslangic
kismm bazen kazanmmlara ¢ok fazla yansimayabiliyor. Biz yilhk planda kazanmmlari
kullanmak zorundayiz. Hatta ders defterine de yazmak zorundayiz. O nedenle o

kazanimlar1 merkeze koyarak tabii derslerimi isliyorum.
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Bir de bilginin degisebilirligini ¢ok fazla sey yapmistim. Mesela Onceden
hangisiydi su an tam hatrlayamadim ama... Aristo’nun bir diisiincesi miydi ya?
Eski bir diisiinceyr veriyorum. Boyleymis diyorum. Ama yillar sonra Galileo
gelmis soyle soyle demis ve bunun, yillar boyunca kabul edilen bir seyin degistigini
gostermis. Mesela bunlar1 da kullanmistim dersimde. Demek yillarca nasil kabul
edimis diye c¢ocuklar sasrmislardi Bilginin bir anda alt {ist degisebilecegini
gOrmiistii burada.

Bir de sey Ogretim programma dahil edilmesi yontemleri ¢cok fazla. Sey de degil
sadece deney dismda da dahil edilebilir. Bilim insanlarmm hayati anlatiliyor
sadece. Ama mesela bilim insanlari bunu nasil yapti? Iste o bilgilere nasil ulagti?

Hangi bilim insanmmn hangi... Bir tek atomun tarih¢esinde var. O yani.

Bence Ogretim programmda kazanim olarak direkt geciyor mu bilmiyorum ama iste
kazanim olarak gecebilir ¢iinkii bizim yol haritamiz direkt G6gretim programi.
Ogretim programmda yer alrsa ve bu hizmet ici egitimlerde bunun egitimi
ogretmenlere verilirse biraz daha faydal olacagmi diisiinliyorum. Ciinkii bilimin
dogasmndan habersiz insanlarn bilimin dogasmi 6gretmesi ¢ok zor. Onun i¢in dnce

bir farkindalk olusturduktan sonra bence olabilir.

Sanrm en fazla deney yapmakla alakal seyler var. Sunu sunu deney yaparak sey
yapar tarzi kazanimlar oluyor. Bunun haricinde hatrladigim kadaryla gézlem
vardr. Imm baska aklma bir sey gelmiyor yani su an. Kazanmmlan diisiindiigiimde,
programu diistindiigtimde.

Bilimin amaci bekki yani biraz. Ama ¢ok fazla degil yani bilimin amacindan da ¢ok
bahsedilmiyor yani. Bilimin degeri, ©Onemi yani &yle bahsedimiyor. Zaten
toplumsal, politik anlamlar1 falan hig.

Verimeli. Bu da az Once bahsettigim net olarak vurgulanmamis gizli bir vurgu
belki olabilir. Ama bunu onlarm fark etmesi.. Evet bilimin dogas1 ¢ok genis. Tek
bir gorsel degil de onlarm biraz daha hayal giiclinii destekleyebilecek bir konu
baghg1 olabilir. Ve bu tek fen bilgisi ya da fen bilimleri fark etmez zaten bir tek bir
ogretmenle degil de bu konuyu destekleyebilecek, belki de bu noktada hayal



33.

34.

35.

36.

179

gliclerine, akillarmdaki farkh noktalarla eslesen veya kesisen sorularmi cevaplama

noktasnda farkh alanlarla ilerletilmesi gereken bir ders bashg1 bile olabilir.

Yer verilmelidir ¢iinkii bilimin bir parcasm diisiiniin yani bilimi bir yapboz gibi
diistiniirsek bir pargasi eksikse hicbir zaman tamamlanmamis olur. Onun i¢in
kesinlikle bilimin dogasma yer veriimeli. Nasi? Mesela kazanimlara entegre

edilerek yer verilebilir.

Var. Yani bu konuyla ilgili ne ¢iksa karsima var diyecegim. Zaten dedigim gibi
icindeki bir konu. Zaten i¢ ige durumlar. Ama neyle ilgisi var? Yani bagka bir

canl... Bilimin dogas1 kismt nasil? Onu diisiinerek bulamiyorum ama cevap olarak.

Katime1 1: Bu scientific pratices olayma giriyor. Yani gozlem yapmak,
kaydetmek, iste sunmak mesela belki de. Sonuglar1 sunmak kavrami burada énemli
olabilir.

Researcher: Sunmay1 neye koyarsm? Bilimsel pratiklere mi?

Katilmcr 1: Sunmayr aslinda biraz sanki sosyale giriyor gibi geldi burada ciinkii
digerleri daha ¢ok bilimsel seyler, metotlara giriyor. Iste pratikelere giriyor. Ama
bu sunma kismu biraz hafif kalmig orada kullanig1 kelime. Ama yine de bir anlam

katiyor orada sunmak deyince. Hani paylagsmak gibi.

Tabii yine birbirlerine bagh noktalar. Cok ayramiyorum. Yine ayni cevaplari da

vermek istemedigim i¢in yine aym diislince yapisinda ilerledigimi sdyleyebilirim.





