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ABSTRACT 

 

DISCIPLINARY PERSPECTIVES ON SCIENCE AND ITS NATURE: 

EXPLORING PERSPECTIVES AND DEVELOPING A NATURE OF 

SCIENCE CONCEPT TEST  

 

 

 

Soysal Filazioğlu, Ceren 
Doctor of Philosophy, Science Education in Mathematics and Science Education  

Supervisor: Prof. Dr. Ömer Geban 
Co-Supervisor: Assoc. Prof. Dr. Ceyhan Çiğdemoğlu 

 
 

June 2025, 168 pages 

 

 

This study has several purposes. First, it aims to reveal how science practitioners 

across various fields describe science and to investigate how these descriptions align 

with the available approaches on the nature of science. The second purpose is to 

investigate the science descriptions of in-service teachers from different branches. 

By examining the descriptions of practitioners and teachers working in various 

disciplines, this research seeks to provide a holistic and interdisciplinary 

understanding of science and its nature. Finally, informed by these investigations, 

the study aims to develop an inclusive, reliable, and valid instrument that represents 

both the epistemic and non-epistemic aspects of the nature of science. Considering 

the aims, both qualitative and quantitative research designs are employed in the 

study. In this regard, data were collected through semi-structured interviews from 14 

science practitioners and 4 teachers and with Nature of Science Concept Test that 

was developed from 131 science practitioners and teachers. Findings revealed that 

science practitioners maintained a process-oriented understanding of science, and 

most of them indicated that social, cultural, and economic factors influenced their 
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scientific practices. The descriptions of practitioners align with approaches that 

highlight both the cognitive and empirical aspects, as well as the socio-cultural 

aspects of the nature of science. Teachers’ descriptions were gathered under three 

main and interrelated themes: science descriptions, views on scientific practice, and 

non-epistemic dimensions of nature of science. The validity and reliability 

calculations for the test showed that it can be used to investigate science 

practitioners’ and teachers’ conceptions of the nature of science. 

Keywords: Nature of Science, Science Practitioners, Teachers, Disciplinary 

Perspectives, NOS Concept Test
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ÖZ 

 

BİLİM VE DOĞASINA DİSİPLİNER BAKIŞ AÇILARI: 

PERSPEKTİFLERİN KEŞFEDİLMESİ VE BİLİMİN DOĞASI KAVRAM 

TESTİ GELİŞTİRİLMESİ 

 

Soysal Filazioğlu, Ceren 
Doktora, Fen Bilimleri Eğitimi, Matematik ve Fen Bilimleri Eğitimi 

Tez Yöneticisi: Prof. Dr. Ömer Geban 
Ortak Tez Yöneticisi: Doç. Dr. Ceyhan Çiğdemoğlu 

 

 

Haziran 2025, 168 sayfa 

 

Bu çalışmanın birkaç amacı vardır. İlk olarak çalışma, çeşitli alanlardaki bilim 

uygulayıcılarının bilimi nasıl tanımladıklarını ortaya koymayı ve bu tanımların 

bilimin doğasıyla ilgili mevcut çerçevelerle nasıl uyumlu olduğunu araştırmayı 

amaçlamaktadır. İkinci amaç, farklı branşlardaki hizmet içi öğretmenlerin bilim 

tanımlarını araştırmaktır. Çalışma, çeşitli disiplinlerde çalışan uygulayıcıların ve 

öğretmenlerin tanımlarını inceleyerek, bilim ve doğası hakkında bütünsel ve 

disiplinler arası bir anlayış sağlamayı amaçlamaktadır. Son olarak, bu adımlardan 

bilgi edinerek, bilimin doğasının hem epistemik hem de epistemik olmayan 

boyutlarını temsil eden kapsayıcı, güvenilir ve geçerli bir ölçme aracı geliştirilmesi 

amaçlanmaktadır. Amaçlar göz önünde bulundurulduğunda, çalışmada hem nitel 

hem de nicel araştırma adımları kullanılmıştır. Bu bağlamda, veriler 14 bilim 

uygulayıcısı ve 4 öğretmenden yarı-yapılandırılmış görüşmeler aracılığı ile,  131 

bilim uygulayıcısı ve öğretmenden ise geliştirilen Bilimin Doğası Kavram Testi 

kullanılarak toplanmıştır. Bulgular, bilim uygulayıcılarının bilime ilişkin süreç 

odaklı bir anlayışa sahip olduklarını ve çoğunun bilimsel uygulamalarını sosyal, 

kültürel ve ekonomik faktörlerin etkilediğini ortaya koymuştur. Bilim 

uygulayıcıların açıklamaları, bilimin doğasının hem bilişsel ve ampirik yönlerini 



 
 

viii 
 

hem de sosyo-kültürel yönlerini vurgulayan yaklaşımlarla uyumludur. 

Öğretmenlerin açıklamaları bilim tanımları, bilimsel uygulamaya ilişkin görüşleri ve 

bilimin epistemik olmayan doğası boyutları olarak üç ana ve birbiriyle ilişkili başlık 

altında toplanmıştır. Test için yapılan geçerlilik ve güvenilirlik hesaplamaları, testin 

bilim uygulayıcılarının ve öğretmenlerin bilimin doğasına ilişkin kavramlarını 

ortaya çıkarmak için kullanılabileceğini göstermiştir. 

Anahtar Kelimeler: Bilimin Doğası, Bilim Uygulayıcıları, Öğretmenler, Disiplinler 

Perspektifler, Bilimin Doğası Kavram Testi 
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CHAPTER 1  

1 INTRODUCTION 

“Science is a way of thinking much more than it is a body of knowledge.” – Carl 

Sagan. 

Carl Sagan's short but profound statement encapsulates the core of science as a 

dynamic process of inquiry, discovery, and critical thinking rather than just merely 

as a collection of facts. In today’s rapidly evolving world, science stands as one of 

the most influential forces shaping innovation, societal development, and daily life. 

The increasing importance and power of the knowledge produced by science in our 

age, underscores the importance of science being understood beyond just the 

scientific community and being recognized by society as well. This calls for an 

education system that fosters scientific literacy and enables individuals to engage 

with science both in and beyond the classroom. 

A scientifically literate individual described in Science for All Americans 

(Rutherford & Ahlgren, 1991) as ‘one who is aware that science, mathematics, and 

technology are interdependent human enterprises with strengths and limitations; 

understands key concepts and principles of science; is familiar with the natural world 

and recognizes both its diversity and unity; and uses scientific knowledge and 

scientific ways of thinking for individual and social purposes’ (p. 4). According to 

(Durant, 1994), the term can be understood as the essential knowledge the public 

should possess about science. Later than an enhanced definition of scientific literacy 

has been made (Chen & Novik, 1984) as ‘to avert the situation where social values, 

individual involvement, responsibility, community participation and the very heart 

of democratic decision making will be dominated and practiced by a small elite’ (p. 

425). Another perspective on scientific literacy emphasizes understanding the 
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interconnections between science, technology, and society. Additionally, the concept 

involves the ability to apply scientific knowledge in everyday life (National Research 

Council, 1996; Martin, 1994). 

Scientific literacy has also been associated with understanding of nature of science 

(Bell & Lederman, 2003). Nature of science (NOS) is considered by educational 

researchers as a critical component for education and science literacy (Lederman, 

2007; Lederman & Niess, 1998). Nature of science in common, is defined as “the 

epistemology of science, science as a way of knowing, or the values and beliefs 

inherent to scientific knowledge and its development” (Lederman, 2007, p. 833).  

The nature of science is an interdisciplinary field that brings together disciplines such 

as philosophy, history, sociology, and cognitive areas like psychology to explore 

questions such as what science is, how it works, how scientists function as a social 

group, and how their social initiatives influence society (McComas & Olson, 1998). 

The nature of science is also described as a tool for making sense of our experiences 

in the world, and as a concept that encompasses the distinctive characteristics and 

beliefs associated with the understanding and development of scientific knowledge 

(Mccomas et al., 1998).  

The concept of the nature of science is considered to be dynamic and has evolved in 

parallel with advancements in science (Turgut, 2011). While in earlier years, 

particularly around the 1990s, the primary goal of teaching the nature of science was 

to emphasize the scientific method this focus later shifted toward highlighting 

scientific inquiry and the broader scientific process (Welch, 1979). Although there 

are different opinions about the scope of nature of science, it can be said that at least 

in terms of science education aims are gathered in common ground (Lederman, 2007; 

Smith et al., 1997). It has been argued that as science develops and our understanding 

of the universe deepens, our perspectives on the nature of science are likely to change 

and transform (Suchting, 1995). 

In the literature, both philosophers and educators have focused on the nature of 

science. Philosophers of science have generally tried to define science through its 
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epistemic properties. These definitions have focused especially on the nature of the 

scientific method and the characteristics of scientific knowledge. Some philosophers 

have defined science as a body of knowledge (Chalmers, 2013), while others have 

taken an inductive view that the formation of scientific knowledge is based on the 

use of a set of scientific facts. In addition, Karl Popper (1959) approached the 

philosophy of science with the term “falsificationism” and defined the nature of 

science through the principle of falsifiability of theories and hypotheses. Later, Khun 

(1962), who argued that scientific practice does not process linearly, brought a new 

light to the philosophy of science and introduced the idea of paradigm shift in his 

publication of “Structure of Scientific Revolutions”. In 1958, Wittgenstein 

introduced the idea of family resemblance in science, arguing that the components 

of the nature of science (such as practice, method) should be defined by their 

intersecting similarities rather than talking about a single unifying feature 

(Wittgenstein, 1958). All these approaches to science and nature of science had 

potential to contribute to the science education thus had been one of the main 

components of science education. Thus, the philosophy of science and science 

education can be claimed to be interrelated with each other.  

In addition to the science philosophers approaches to the nature of science and 

scientific knowledge, there are also many works done related with the 

characterization of science including nature of scientific knowledge and scientific 

inquiry in education (Dagher & Erduran, 2016; Lederman, 2007; Osborne et al., 

2003; Sandoval & Redman, 2015; Wong & Hodson, 2009, 2010). According to 

Lederman (1992) NOS involves the values and beliefs which are inherent in 

scientific knowledge and includes the epistemology and sociology of science as a 

way of knowing. The consensus view which involves the aspects of NOS, was 

discussed by Abd-El-Khalick and Lederman (2000) by focusing on the concepts of 

epistemology of science and development of scientific knowledge. Another view to 

NOS, involves the combination of different research fields’ aspects such as 

philosophy, sociology and history of science and the cognitive research discipline 

such as psychology, concerning the definition of science, how it works, how 
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scientists work within a social group and how society direct and react to scientific 

endeavors (Mccomas et al., 1998). Allchin (2011), on the other hand, focuses on the 

epistemic values of NOS by addressing the points such as scientific enterprise, 

motivation, financing and peer assessment. Focusing on the epistemological, 

psychological, technological, historical, social and economic perspectives of 

science, Matthews (2012) introduced the features of science approach. Family 

Resemblance Approach (FRA) to Nature of Science was announced by Erduran and 

Dagher (2014), characterizing science as a cognitive, epistemic and social-

institutional approach, recently. As can be seen, many approaches have been put 

forward regarding the nature of science and science by considering different starting 

points and understandings. While these diverse approaches to NOS share 

commonalities, they do not entirely converge on a single definition. 

Given the multifaceted and evolving nature of science and its nature, effectively 

assessing individuals' understandings has been a long-standing challenge for science 

education researchers. More than sixty years of research into nature of science 

understanding (Lederman et al., 2014), has led to the development of assessment 

tools serving to answer various research purposes and questions. Considering 

previous research, it is seen that both qualitative and quantitative measurement tools 

have been developed regarding nature of science for different purposes and 

respondent levels (Abd-El-Khalick, et al., 1998; Allchin, 2011; Kaya et al., 2019; 

Lederman & O’Malley, 1990). The most widely used of these instruments in nature 

of science research is the Views of Nature of Science Questionnaire (VNOS), which 

has different forms (such as -B, -C, -D, -E), and was originally developed by 

Lederman and O’Malley (1990). Qualitative tools with open-ended questions are 

claimed to be effective way of investigating the understanding of nature of science 

over multiple-choice, Likert-type or true-false scales (Lederman 2007; Schwartz et 

al., 2004). Hence, the prevalence of qualitative methods among researchers focusing 

on NOS knowledge has become inevitable. However, despite these criticisms, tools 

with multiple-choice, Likert-type or true-false items have also been developed for 

investigating NOS understandings (Cooley & Klopfer, 1961; Halloun & Hestenes, 
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1998; Hillis, 1975; Rubba, 1976; Kaya et al., 2019) offering the significant advantage 

of applicability to large groups. Crucially, when examining many of these 

instruments, one can notice that the focus of the instruments has largely been on the 

cognitive-epistemic aspects of NOS, mostly based on the consensus view to nature 

of science, offering a limited representation of its social, cultural, and institutional 

aspects.  

In a world where science is developing and evolving, the understanding of the nature 

of science is also continuously changing over time (Suchting, 1995; Turgut, 2011). 

Currently, it can be said that a more holistic understanding of science, nature of 

science, is being adopted with multidisciplinary and interdisciplinary studies. When 

the works on nature of science and instruments is reviewed, it can be observed that 

majority of the studies and instruments predominantly describe science from a 

natural science-oriented view (Lederman, 2007; Osborne et al., 2003; Smith & 

Scharmann, 1999; Erduran & Dagher, 2014), and it is reflected to education curricula 

as well. In this context, studies specifically focused on the nature of science can 

significantly contribute to the field by embracing a more holistic approach that 

integrates insights from fields such as engineering and social sciences, in addition to 

the natural sciences. Considering that the meaning individuals ascribe to science 

profoundly impacts how science practitioners and educators teach the sciences 

(Ferreira & Custodio, 2023), investigating how science practitioners and educators 

from various disciplines comprehend science and its fundamental nature could yield 

novel insights for both science education and the broader higher education field.  

1.1 Research Purpose and Research Questions 

There are several purposes regarding this research. First to reveal how science 

practitioners across various fields describe science and investigate how these 

descriptions align with the available frameworks on nature of science. Second 

purpose is to investigate the science descriptions of in-service teachers from different 

branches. By examining the descriptions of practitioners and teachers working in 
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various contexts, this research seeks to provide a comparative and interdisciplinary 

understanding of science and its nature. Finally, being informed from these 

investigations, an inclusive, reliable and valid instrument aimed to be developed 

which represents both epistemic and non-epistemic aspects of nature of science. To 

achieve these purposes, the following research questions were employed:  

1- How do science practitioners across various fields reflect nature of 

science in their descriptions of science? 

2- How do these descriptions align with the available NOS frameworks? 

3- How do in-service teachers from different branches reflect nature of 

science in their descriptions of science? 

4- Are the results of Nature of Science Concept Test valid and reliable to 

investigate science practitioners’ and teachers’ existing concepts on 

NOS? 

1.2 Significance of the Study 

Considering the its association with scientific literacy the concept of NOS and NOS 

education are considered as venerable heritage in science education (Bell & 

Lederman, 2003; Lederman & Niess, 1998; Lederman, 2007; McComas & Olson, 

1998). According to Conant’s (1947) statements, the focus was encouragement for 

science education in particular after the second World War, the emphasis was on 

“the tactics and strategy of science” to foster civic literacy. Considering the focus on 

the scientific literacy, the last century was pinned as convergence of also views on 

nature of science and presented shared elements in major international curricular 

documents (McComas & Olson, 2002). Soon a multidisciplinary expert panel (see: 

Osborne et al., 2003) presented some more perspectives. These led to a widely 

accepted “consensus view” (e.g., Lederman, 2007). More recent approaches 

currently tend to affirm instead a pragmatic and more inclusive eclecticism (e.g., 

Allchin, 2013; Dagher & Erduran, 2014). Science conceptualization is more aligned 

with teaching ready‐made science to science‐in‐the‐making (see: Flower, 1995; 
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Latour, 1987). Furthermore, different views on NOS lies on profound impact of 

scientific practices, education, ethics, public discourse, and the advancement of 

knowledge and society. Some policy documents (see: NGSS Lead States, 2013; 

OECD, 2017; Rutherford & Ahlgren, 1991) that currently provide the explicit 

institutional rationale for NOS learning, stress the need to understand “scientific 

practices” or “how science works,” highlighting NOS as a key in empowering public 

discourse surrounding science (Allchin & Zemplén, 2020). The claims are that NOS 

is an educational outcome which contribute to functional scientific literacy. A few 

decades ago, science education was more framed by a positivist orientation which 

mainly describes static conceptions of theory, evidence, strict logical reasoning, and 

a simplified view of testing and crucial experiments. Allchin and Zemplen (2020) 

state that studies in the history, philosophy, and sociology of science at 1960s, 1970s, 

and 1980s, revealed a more complex (and more human-oriented) frame of scientific 

practices. Science was more prescribed with conceptual changes, debates/ 

controversies, competitions, the role of ideologies and cultures, and the impact of 

language, rhetoric, and persuasions. As a more recent framework on NOS, “Family 

Resemblance Approach” (FRA) (Dagher & Erduran, 2016; Irzik & Nola, 2014) 

provides a framework which includes cognitive-epistemic and social-institutional 

system about science. The cognitive-epistemic dimension provides descriptions 

about the role of aims and values. The social-institutional dimension elaborates a 

range of components such as social values and organizational contexts in 

science. They conceptualize NOS as a system of interacting components. FRA is 

grounded on propositions from philosophers of science (Irzik & Nola, 2011) and 

later adapted and extended by science educators (Erduran & Dagher, 2014).  

A considerable number of studies focusing on scientists’ views about NOS (e.g., 

Osborne et al., 2003; Schwartz & Lederman, 2008; Wong & Hodson, 2009, 2010; 

Wu & Erduran, 2024; Yucel, 2018) are available. Research dealing with NOS and 

science practitioners, focuses on the views of scientists from various fields aiming 

to reveal common/different aspects.  (Bayir et al., 2014; Osborne et al., 2003; 

Sandoval & Redman, 2015; R. Schwartz & Lederman, 2008; Wong & Hodson, 2009, 
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2010; Yucel, 2018). While most of the participants in these studies were practitioners 

working in the fields of natural/life sciences (Sandoval & Redman, 2015; Schwartz 

& Lederman, 2008; Wong & Hodson, 2009, 2010; Wu & Erduran, 2024; Yucel, 

2018) in some studies practitioners from social sciences and humanities were also 

included (Bayir et al., 2014; Osborne et al., 2003). Despite being directly related 

topic to the practice of science, science practitioners' ideas about the nature of science 

are not being topic to researches as much as studies that focus on students' beliefs 

about NOS (Sandoval & Redman, 2015). It can also be stated that the existing 

research on the nature of science primarily investigates the conceptions of students 

and teachers, with a particular focus on how to teach NOS at these levels, while 

highlighting the lack of research involving university professors (Ferreira & 

Custódio, 2023). In literature only a limited number of empirical studies have 

examined how scientists define "what science is" and how scientific knowledge is 

constructed (Schwartz, 2012). With the studies of university professors, although 

views of natural scientists were mostly investigated, literature is not matured enough 

on views of science practitioners from various fields, specifically comparison of 

these views with all available approaches has potential to contribute to the fields. 

Similarly considering the studies examining the nature of science from teachers’ 

perspective (Dinçol Özgür & Temel, 2021; Lederman, 1992; Peters-Burton et al., 

2023; Pomeroy, 1993) gathering the points of view from different disciplines can 

contribute to field.  

Considering the multifaceted and evolving nature of science and its nature, the aim 

of effectively assessing individuals' understanding has also been on the agenda of 

science education researchers. In this manner variety of studies addressed various 

measurement instruments used in order to identify nature of science understandings, 

views or conceptualizations in literature (Abd-El-Khalick et al., 1998; Allchin, 2011; 

Buber & Coban, 2023; Cooley & Klopfer, 1961; Halloun & Hestenes, 1998; Hillis, 

1975; Kaya et al., 2019; Lederman & O’Malley, 1990; Rubba, 1976). It is commonly 

acknowledged that assessment tools developed for different levels such as teachers, 

students, and pre-service teachers are generally based on the more traditional 
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understanding of the science and its nature usually displaying a limited presentation 

of social, cultural, institutional dimensions of nature of science (Buber & Coban, 

2023). It is not surprising to see that studies on NOS understanding in the science 

education literature predominantly address epistemic aspects (Aragón-Méndez et al., 

2019) , as the approaches are mostly grounded in approaches that aim to teach and 

assess the epistemic aspects of science. Considering that needs, interests, social, 

economic, political factors also influence science in a decisive way (Acevedo, 2006; 

Aragón-Méndez et al., 2019; Dagher & Erduran, 2016; Forato et al., 2011; Irzik & 

Nola, 2011), measurement tools that will also highlight these non-epistemic aspects 

of science have the potential to contribute to the field.  

Given all these, the study can be regarded as significant in multiple ways. First, the 

study has potential to contribute to understanding how science practitioners from 

various disciplines describe science considering their scientific practices and how 

they reflect the nature of science in their descriptions. Second, investigating how 

descriptions align with different nature of science (NOS) frameworks have potential 

to draw a holistic perspective. Third, study can contribute to understanding of science 

and its nature by revealing how teachers from different branches describe science. 

Finally, based on these results and the existing literature, it offers a foundation for 

developing an instrument aimed at assessing both epistemic and non-epistemic 

conceptions of science among science practitioners and teachers from diverse fields. 
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CHAPTER 2  

2 LITERATURE REVIEW 

Science is known as a very complex and dynamic endeavor (Lederman, 2007) by its 

very nature, and this characteristic makes science a phenomenon that cannot be 

described with a single definition. This dynamic and complex nature of science can 

be said to led to different approaches to the nature of science, which considered as 

answers to the questions of such as what science is, how it works, and which factors 

affect it. In this sense this chapter focuses on the different approaches to Nature of 

Science. This part of the chapter focuses on the approaches to nature of science  from 

the perspectives of science educators and researchers, including the theoretical 

perspectives employed in this research. Afterwards, various assessment tools 

developed previously related to nature of science are covered. 

 

2.1 Approaches to NOS by Science Education Researchers  

The ideas and discussions of philosophers of science about what science is and its 

nature have provided insight for science education over time. While debates of 

philosophers of science was generally gathered on what science is and what is not 

(Kuhn, 1997; Lakatos, 1970; Popper, 1959), science educators’ ideas are more 

focused on how the nature of science can contribute to science education and to what 

extend NOS should be involved in the classes (Allchin, 2011; Dagher & Erduran, 

2016; Lederman, 1992; Matthews, 2012). The nature of science is a concept 

nourished by the ideas of philosophers and is also one of the topics most extensively 

contemplated by science educators and researchers within the framework of science 

education (Abd-El-Khalick & Lederman, 2000; Duschl & Grandy, 2013; Mccomas 
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et al., 1998). Since science is dynamic and developing by its nature, it can be said 

that the understanding and scope of the nature of science is also dynamic and been 

changing accordingly the improvement of science (Erduran & Dagher, 2014; 

Hodson, 2014). Due to the dynamic nature of science, it is seen that there are many 

different approaches to the subject of the NOS in science education context. “What 

is the nature of science? What ideas about nature of science should be taught and 

learned?”  are two main questions that are relevant for science educators to be 

addressed about science (Erduran & Dagher, 2014). Accordingly, nature of science 

in general, is defined as “the epistemology of science, science as a way of knowing, 

or the values and beliefs inherent to scientific knowledge and its development” 

(Lederman, 2007, p.833). On the other hand, according to McComas and Olson 

(1998) NOS is a concept that addresses the questions such as “What is science? How 

does it function? How do scientists conduct their work? And what role do social and 

cultural contexts play in shaping science?”. In this context, the nature of science 

(NOS) unifies multiple disciplines associated with science, including history, 

sociology, psychology, and philosophy of science (McComas & Olson , 1998) 

Although there seems to be a consensus among researchers on certain common 

aspects of the nature of science (Smith et al., 1997), there is not a certain definition 

or scope regarding NOS (Abd-El-Khalick & Lederman, 2000). Moreover, due to the 

diverse thoughts of philosophers, historians and sociologists of science on the 

characterization of NOS (Lederman et al., 2002) it was believed that there is not a 

single NOS definition exist (Abd-El-Khalick & Lederman, 2000)Therefore, it would 

be beneficial to delve into some fundamental perspectives on the nature of science. 

In this context, it is important to examine the different approaches based on the ideas 

of science educators and science education researchers in order to put forward the 

theoretical framework of this study. 
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2.1.1 Consensus View 

The most widespread view on the NOS in science education is the approach based 

on Lederman's (1992) arguments on the epistemology of science. Rather than using 

a single definition, Lederman et al. (2002) suggested that it would be more accurate 

to define NOS with its components. A central and influential NOS perspective has 

been considered as “consensus view”  (Abd-El-Khalick & Lederman, 2000) which 

was nourished by the history of science and philosophy of science. The statements 

which referred to aspects of “consensus view” of nature of science were outlined as 

follows (Abd-El-Khalick, 2012; Lederman et al., 2002; McComas, 1998).  

• Empirical Nature of Scientific Knowledge (Observation, Inference, and 

Theoretical Entities in Science): Science is based on observation of the 

natural world, and the validity of scientific claims is determined by 

observations. Observations are descriptive statements about natural 

phenomena that are directly accessible to the senses. By contrast, inferences 

are statements about phenomena that are not directly accessible to the senses.  

• Scientific Theories and Laws: Scientific theories are well-established, highly 

substantiated, internally consistent systems of explanations. On the other 

hand, theories serve to explain large sets of seemingly unrelated observations 

in more than one field of investigation. Laws and theories are different kind 

of scientific knowledge, and one cannot become another.  

• The Creative and Imaginative Nature of Scientific Knowledge: Science is 

based on empirical evidence, relying on observations of the natural world. 

However, generating scientific knowledge also involves human imagination 

and creativity. 

• The Theory-Laden Nature of Scientific Knowledge: Scientific knowledge is 

theory-laden. Scientists' work is shaped by their theoretical perspectives, 

disciplinary commitments, beliefs, prior knowledge, training, experiences, 

and expectations. 
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• The Social and Cultural Embeddedness of Scientific Knowledge: Science as 

a human enterprise is practiced in the context of a larger culture and its 

practitioners are the product of that culture. Science, as a human endeavor, 

operates within a broader cultural context, and scientists are shaped by the 

culture they belong to. 

•  Myth of the Scientific Method: A common misconception about science is 

the belief in “the scientific method”. This myth assumes that there is a 

recipelike stepwise procedure that all scientists follow when they do science. 

• The Tentative Nature of Scientific Knowledge: Scientific knowledge, 

although reliable and durable, is never absolute or certain. This knowledge, 

including facts, theories, and laws, is subject to change.  

“Consensus view” which was expressed as seven different aspects, is said to 

cover the basic features of science and has been an approach that constitutes the 

majority of empirical science education research (Abd-El-Khalick & Lederman, 

2000; Akerson & Donnelly, 2008). Although the consensus view has been a 

major approach in science education research, curricula, and science classes, the 

approach has also faced criticism regarding its aspects and scope. Lederman 

(2007) implied the relationship between scientific inquiry and the nature of 

science but advocated that these two should be separated because of the fact that 

“inquiry” related to methods and procedures regarding science while NOS is 

more concerned with the epistemology of science. In this manner, consensus 

view supported the idea that scientific inquiry which refers to what scientist do 

to develop scientific knowledge is a different concept than nature of science 

(Lederman et al., 2014) and it was suggested to use the term “nature of scientific 

knowledge” in order to avoid conflation issue (Lederman, 2007). On the 

contrary, some other ideas suggested that scientific inquiry cannot be separated 

from nature of science  (Duschl & Grandy, 2013), thus been considered as 

fundamental aspect in other researchers approach to nature of science (eg. Ryder 

et al., 1999).  
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Matthews (2012) criticized Lederman's view, which advocates focusing on the 

epistemic features of science in education, for neglecting the sociological aspects 

of science. In this manner the approach does not address sociological tenets such 

as the issues of politics, aims and values, professional activities. Another 

criticism on the aspects on consensus view was the inclusion of the tenets that 

underscores the functions of between theory and law and distinction. However, 

according to ideas of 23 scientists in the research of Wong and Hodson (2009), 

differentiating theories and laws were not stated as a priority regarding nature of 

science context. Hodson (2014), also criticized consensus view in terms of 

lacking to acknowledge the differences between the sciences and underestimates 

the changing nature of procedures and practices of science over time. Likewise, 

the consensus view has been criticized for failing to clearly distinguish between 

scientific fields like astronomy, which cannot rely on experimental practices, and 

areas like chemistry, which focus heavily on experimental methods (Irzik & 

Nola, 2014). Moreover, it was claimed that simplifying sciences to a perspective 

as if they are identical, ignores the complexity of knowledge production in 

different subfields and reduces science education to memorizing generic 

elements (Hodson & Wong, 2017). It is also stated that the view is lacking in 

addressing the nature of science from aspects such as socio-political and 

economic perspectives and portrays science in a limited way due to its positivist 

undertones (Erduran & Dagher, 2014). Along the same lines, Erduran and 

Dagher (2014), put forward a criticism by stating that, according to the consensus 

view, the concepts related to nature of science were not brought together in an 

inclusive and comprehensive manner.  

Although its limitations and scope have been a subject of debate, the consensus 

view has held a significant place in the context of science education as an 

effective approach to reflecting the epistemology of science (Abd-El-Khalick & 

Lederman, 2000). Indeed, the consensus view appears to dominate research on 

the nature of science (Abd-El-Khalick & Lederman, 2023). 
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2.1.2 Descriptors of Science 

Smith and Scharmann (1999), who took an alternative approach to the nature of 

science, focused on the importance of teaching the nature of science in terms of 

reaching the goal of scientific literacy. Despite this shared goal, disagreements 

among philosophers, scientists, and educators regarding the nature of science 

created challenges for classroom teachers (Smith & Scharmann, 1999). The 

approach underscored that, philosophers have a different understanding of 

science than science practitioners and teachers (Abd-El-Khalick et al., 1998; 

Pomeroy, 1993).  In this context, the fact that philosophers of science and science 

educators cannot clearly distinguish between science and non-science, the 

approach focused on the problem of how teachers would make this distinction in 

classrooms. Instead of distinguishing science from nonscience Smith and 

Scharmann (1999) addressed nature of science teaching by discussing the 

features that make a question or a field of study, more or less scientific. The 

characteristics that thought to make a field more scientific also called as 

descriptors of science are divided into two groups as the objects and process of 

study and the values of science ( Smith & Scharmann, 1999). The objects and 

process of study section include five descriptors which was claimed to make a 

question or field of study more scientific. The descriptors were given as follows:  

• Science is empirical: means science relies on direct or indirect observation of 

the natural world, using sensory data and measurable phenomena.  

• Scientific claims are testable/falsifiable: referring that scientific claims must 

be supported or refuted by evidence.  

• Scientific tests, observations are repeatable: explains that observations and 

experiments must be reproducible by others to confirm findings.  

• Science is tentative/ fallible: refers to the idea that scientific knowledge is not 

absolute, and it evolves with new evidence.  

• Science is self-correcting: indicates the fact that replication of the studies 

helps eliminating the errors.  
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The descriptors suggested under the category of values of science given as 

follows:  

• Science places a high value on theories that have the largest explanatory 

power: theories that explain a wide range of observations are highly valued 

and more likely to be accepted in science community. 

• Science values predictive power: theories that enable accurate predictions are 

preferred by science community. 

• Science values fecundity: meaning that science values theories that generate 

new questions and perspectives.  

• Science values open-mindedness: explaining that good science seeks to 

minimize bias and maintain objectivity.  

• Science values parsimony: indicating that simple, elegant theories with 

minimal assumptions are favored.  

• Scientist demands logical coherence in their explanations: stating that 

scientific explanations should be logically sound and well-argued.  

• Scientist value skepticism: referring the idea that scientific conclusions 

require evidence and are not accepted at face value.  

Overall, the approach of Smith and Scharmann (1999) provided an alternative 

perspective of nature of science by considering the scope of NOS and challenges of 

science educators on to what extent to teach NOS. Eventually it was proposed to 

define the nature of science using descriptors from a wide range of science education 

and philosophy of science literature.  

2.1.3 Ideas About Science 

 Addressing the lack of consensus on the aspects of nature of science in the science 

education context, Osborne et al. (2003) have questioned what should be taught to 

school students about NOS. In this context, the necessity of an alternative approach 

to nature of science were based on the lack of empirical evidence regarding the scope 
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of NOS. A study was conducted with 23 science educators, scientists, historians, 

philosophers, and sociologists of science to encapsulate key ideas about NOS 

(Osborne et al., 2003). It has been said that the starting point of this approach was to 

resolve the disagreements between the academic and the education community. As 

a result of a three stage Delphi study, what "ideas-about-science" should be included 

in school science curricula were discussed. After a three round of a discussion, on 

nine themes of nature of science, participants had some level of consensus. The 

themes were considered to be essential components of school science curriculum by 

the participants science educators, scientists, historians, philosophers, and 

sociologists of science. The themes seemed to acquire under the context of methods 

of science, nature of scientific knowledge and institutions and social practices of 

science (Osborne et. al., 2003, p.701). Core themes identified in context of science 

education and the concept the themes clarified are given as follows:  

• Scientific method and critical testing; Focused on the idea that science uses 

experimental method and hypotheses testing. 

•  Creativity: Emphasized the importance of imagination for scientific research 

and discoveries.  

• Historical development of scientific knowledge: Highlighted the historical 

background of how scientific ideas evolved in time.  

• Science and questioning: Underscored the role of skepticism and inquiry. 

• Diversity of scientific thinking: Referred to the idea that there is no single 

scientific method.  

• Analysis and interpretation of data: Focused on the idea that scientific 

practice includes analysis. The data acquires meaning with interpretation. 

• Science and certainty: Underscored why scientific knowledge we have 

currently is reliable and why it can be subject to change under the light of 

new evidence. 

• Hypothesis and prediction: Demonstrated the role of predictions in scientific 

work. 
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• Collaboration: Highlighted that fact that science is communal and 

competitive activity.  

Overall, as a result of this empirical research  (Osborne et al., 2003), the "ideas about 

science" suggested to be included in the science curriculums have also been shown 

to be compatible with the nature of science themes previously established in national 

curriculum standards documents (McComas & Olson, 1998). Also, the approach was 

suggested to be taught explicitly in classes rather than being inferred from practical 

work (Osborne et al, 2003).  

2.1.4 Epistemological Themes 

Being one of the core research areas of science education, studies about nature of 

science with students claimed to be conducted independent of research of inquiry 

(Sandoval, 2005). In the approach based on this criticism, the epistemological beliefs 

of the students had been main focus. It is claimed that there is a discrepancy between 

the epistemological views of students toward science and what is known about their 

inquiry practices. The argument of the researcher was based on that how the practical 

epistemologies -the beliefs occur about nature of science when they conduct 

scientific inquiry- differ from their formal epistemologies, which referred to their 

understanding of formal science (Sandoval, 2005, p.636). The approach suggested 

four themes aiming to provide an understanding to students challenge scientific 

problems and comprehend these problems as scientific studies as well as make it 

possible for students to evaluate scientific arguments in their daily life regarding 

socio-scientific issues they faced. Epistemological themes and their contents were 

given as follows:  

• Scientific knowledge is constructed: Based on the explaining the 

understanding that knowledge is not simply discovered out in the world, but 

constructed by people including a background of observations, theories, 

experiments interpretations. 
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• Diversity of scientific methods: Highlights the idea that the single one 

scientific method does not exist and different disciplines of science use 

different methods.  

• Forms of scientific knowledge: Explains that there are different kind of 

scientific knowledge. Knowledge forms such as hypotheses, theories, laws 

and scientific models are all important.  

• Scientific knowledge varies in certainty: Highlights that scientific knowledge 

is told to evolve with time by focusing on the idea that some scientific claims 

are more tentative than others.  

Similar to previous ideas (Osborne et al., 2003), it was argued that nature of science 

teaching should also include explicit teaching in classes. Criticizing the assumption 

that engagement of scientific inquiry will lead to understanding of nature of science, 

it was claimed that (Sandoval, 2005) students’ epistemological beliefs influence their 

inquiry practices thus both should be studied together.  

2.1.5 Scientific Practice Themes 

Wong and Hodson (2009, 2010) proposed to establish prominent features of NOS, 

by gathering the thoughts of with well-established scientists from various fields 

differentiating from high energy physics, material science, solid state physics to 

molecular biology, cell biology. Unlike some views that suggest that the nature of 

science should not be equated with scientific inquiry (Abd-El Khalick & Lederman, 

2023), this approach attempts to put forward a model of the nature of science based 

on the actual views and experiences of scientists practicing scientific inquiry. In the 

first empirical study, researchers focused on the authentic scientific inquiry aiming 

to understand the NOS characteristics reflected by scientists in terms of scientific 

investigation and scientific knowledge (Wong & Hodson, 2009). With follow-up 

research, (Wong & Hodson, 2010), the perceptions of scientists on the social 

dimensions of science according to their experiences in scientific inquiry were 

discovered. Results according to responds to an open-ended questionnaire and in-
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depth interviews with participants from both experimental and theoretical fields of 

science revealed significant differences between the descriptions of scientist and the 

descriptions usually used in the textbooks and science curricula. Eight categories 

under three main themes emerged which address scientific inquiry as both an 

empirical and social practice:  

I. Methods of scientific research 

• Methods of scientific investigation: Includes the subjects of role of 

hypothesis and design of experiments in scientific research, highlights that 

methos of investigation varies according to the discipline. 

• Significance of theory in scientific inquiry: Includes the thoughts on 

inference and observation. Highlights that theoretical frameworks play an 

important role on scientific inquiry.  

II. The role and status of scientific knowledge: 

• The tentative NOS: Scientific knowledge is subject to change with respect to 

new evidence, thus scientific knowledge is said to be tentative. This category 

also includes warrant for belief and the status of laws and theories.  

• Creativity in science: Highlights the importance of creativity in scientific 

inquiry before, during and after data collection. 

III. Science as a social practice 

• Social, political, economic, and cultural influences on science: Underscores 

the effects of both the social, political, economic and cultural factors in 

science and also explains the influence of science on society.  

• Research-funding issues, academic freedom, and ethics: Focuses on the 

influence of funding issues and academic freedom on scientific research. 

Also highlights the importance of ethics in research. 

• Collaboration and competition: Based on the acknowledgement that both 

collaboration and competition is a part of science.  
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• Peer review: Focuses on the idea that credibility of scientific knowledge 

established with peer view. Highlights that validation of scientific 

discoveries are important. 

Wong and Hodson (2009, 2010) proposed an approach to nature of science including 

the complex, dynamic and socially embedded nature of scientific practice by 

examining the ideas of scientist. 

2.1.6 Nature of Whole Science 

Allchin (2011) proposes the concept of “Whole Science” stating the importance of 

having informed views about science and scientific practice which would be 

functional for both personal and social issues. Perspective proposed by Allchin 

(2011) called as “reframing current NOS characterizations from selective lists of 

tenets to the multiple dimensions shaping reliability in scientific practice, from the 

experimental to the social, namely to Whole Science” (p. 518). The approach 

emphasizes both the importance of historical and contemporary cases and the role of 

reflective inquiry in nature of science (Allchin, 2011). The approach provided an 

alternative way to both teach and evaluate nature of science focusing on the 

importance of reliability. The researcher also criticized current nature of science 

frameworks and claimed that they are not functional for providing scientific literacy. 

Allchin (2011) also discussed that the consensus view on NOS did not include 

aspects such as scientific enterprise, motivation, funding, peer review, validation of 

scientific methods and cognitive bias which characterizes science as an enterprise. 

The importance of epistemic values on guiding methods of science was stated by the 

author for this approach. Allchin (2011) further underscored that scientists’ work 

mostly shaped by their cultural beliefs. The approach shaped the NOS characteristics 

into multiple dimensions of scientific reliability as follows: 1) observations and 

reasoning; 2) methods of investigation; 3) instrumentation and experimental 

practices; 4) cognitive process; 5) history and creativity; 6) the human context; 7) 

social interactions among scientists; 8) economics and funding; 9) culture; 10) 
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communication and transmission of knowledge. The dimensions and the items 

addressed were presented (p.525) in the study of Allchin (2011). 

2.1.7 Features of Science 

In order to be effective for science education, nature of science elements was claimed 

to be more philosophically and historically refined (Matthews, 2012). Matthews 

(2012) aimed to increase the spectrum of NOS ranging from the empirical nature of 

science to its socio-scientific aspects and even delved into worldviews of scientists. 

The approach gathered both sociological and epistemological aspects of science 

proposing to change “nature of science” to “features of science” emphasizing that 

the features should serve as discussion starters (Matthews, 2012). Rather than 

describing science with rigid aspects, this approach proposed an understanding of 

nature of science highlighting the common characteristics of different disciplines 

following the Wittgenstein’s family resemblance terminology. The features of 

science were given in eighteen dimensions. Seven items from consensus view 

(Lederman, 2007), were also included in the items of Features of Science. Seven 

aspects from Lederman’s approach are given as follows: 1) empirical basis; 2) 

scientific theories and laws; 3) creativity; 4) theory dependence; 5) cultural 

embeddedness; 6) scientific method; 7) tentativeness. In addition to these aspects of 

the nature of science, Matthews (2012) has also suggested other aspects that can be 

engaged with teaching the NOS, considering science studies in different fields and 

disciplines such as sociology, history and economics. These proposed characteristics 

for Features of Science Approach are:  8) experimentation; 9) idealization; 10) 

models; 11) values and socio-scientific issues; 12) mathematization; 13) technology; 

14) explanation; 15) worldviews and religion; 16) theory choice and rationality; 17) 

feminism; 18) realism and constructivism. With these characteristics that consisted 

of Features of Science approach, both epistemic and philosophical perspectives to 

nature of science was reflected. The reasons Matthews suggested for why NOS 

characteristics needed to be broadened found reasonable, however the approach was 
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also criticized for not presenting an explicit rationale for choosing these 

characteristics as FOS and not the others (Erduran & Dagher, 2014). 

2.1.8 Family Resemblance Approach (FRA) 

This approach, which characterizes science by presenting broad categories with 

considering various features common to all sciences, emerged based on 

Wittgenstein's idea of "family resemblance among sciences" (Wittgenstein, 1958). 

Philosophers of science Irzik and Nola (2011, 2014) have suggested the context of 

"Family Resemblance" as an approach which emphasizes that there is not a single 

set of nature of science features that are common to all disciplines considering that 

science has many different discipline and branches from zoology to archeology. The 

approach is based on the idea that each science discipline has unique characteristics, 

no single characteristic alone defines science (Irzik & Nola, 2011). In addition, 

Family Resemblance Approach aims to achieve a more holistic perspective on 

science by considering the common characteristics of different scientific disciplines 

(Irzik & Nola, 2014). The idea of family resemblance in that point based on the fact 

that members in a family can be similar in some ways and be different in some other 

ways. Applying this idea to the context of science, Irzik and Nola (2011,2014) 

proposed a nature of science approach, with the idea that different scientific 

disciplines have both common and different aspects. According to FRA approach, 

the nature of science characteristics was conceptualized in terms of cognitive-

epistemic and social-institutional system. Categories included in FRA approach were 

given briefly below:  

Science as a cognitive-epistemic system 

• Process of inquiry: This category refers to the activities of science such as 

asking questions, making observations, classification or designing 

experiments (Irzik & Nola, 2014), that also science educators are familiar 

with (Erduran & Dagher, 2014). 
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• Aims and values: Aims of science also said as cognitive-epistemic values 

(Irzik & Nola, 2014), refers to well-known aims of science such as 

“prediction, explanation, consistency, simplicity and fruitfulness” (p.1004). 

• Methods and methodological rules: Mentions methods and methodological 

rules employed by scientists in order to establish reliable knowledge (Irzik & 

Nola, 2014) such as “inductive, deductive and abductive” reasoning (p.1005). 

• Scientific knowledge: With the use of mentioned methods and 

methodological rules scientific knowledge is establish as a product. 

According to Irzik and Nola (2014) scientific knowledge refers to “end 

products are embodied in laws, theories and models as well as collections of 

observational reports and experimental data” (p.1006). 

Science as a social-institutional system 

• Professional activities: This part of the approach mentions that scientists 

engage in activities other than doing research. (e.g. participating in academic 

meetings, publishing in peer-reviewed journals, writing projects and grants, 

consulting for organizations). 

• Scientific ethos: Mentions some of the social and ethical norms that science 

practitioners are expected to follow both in doing science and in their 

professional activities. Refers that in case of a violation of these norms, 

scientists may be faced with sanctions.  

• Social certification and dissemination of scientific knowledge: Explains that 

results of a study can be accepted into the corpus of scientific knowledge 

after going both epistemic and social control process. This part of the 

approach highlights the social mechanism on this process. 

• Social values of science: This part, which emphasizes shaping of science 

within the framework of social benefit, underscores the values such as respect 

for the environment and human life and freedom. (Irzik & Nola, 2014) 

It is stated that, the eight categories of science FRA approach addressed the nature 

of science characteristics in general (Irzik & Nola, 2014). However, the researchers 
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also pointed out that the science characteristics fall under these categories can be 

developed or new categories may be added considering to the fact that science also 

develops (Irzik & Nola, 2014).  

2.1.9 Reconceptualized FRA-to-NOS (RFN) 

Irzik and Nola (2011, 2014) had adapted the idea of Wittgenstein’s family 

resemblance to the nature of science context. Irzik and Nola (2014) had already 

stated that FRA is an approach that is open to development as science itself 

developing. Erduran and Dagher (2014) within a science education perspective 

reconceptualized and extended the Family Resemblance Approach in the context of 

science education. It was suggested that the FRA category previously referred to as 

"process of inquiry" would be more appropriately named "practices". Moreover, 

Erduran and Dagher (2014, p. 24) described the four categories of FRA within the 

social-institutional dimension as "non-controversial" and proposed three additional 

categories that, despite being considered controversial, should be incorporated into 

the extended approach. In the light of these ideas the reconceptualized approach 

emerged through the addition of categories as financial systems, political power 

structures, and social organizations and interactions to the FRA (Irzik & Nola, 2014). 

Family Resemblance Approach (FRA) is explained by a “wheel model”, that 

illustrates the relation among all components of cognitive, epistemic, and socio-

institutional systems, demonstrating that these systems are constantly interconnected 

(Erduran & Dagher, 2014). This extended version of FRA provided insights about 

how to use family resemblance idea of nature of science in science education 

applications. Extended FRA was later referred as “Reconceptualized FRA-to-NOS” 

(RFN) (Kaya & Erduran, 2016).  



 
 

27 

 

Figure 2.1 FRA Wheel illustration (Erduran & Dagher, 2014, p.28) 

According to RFN, the scope of the categories social organizations and interactions, 

political power structures and financial systems referred is provided below.  

• Social organizations and interactions: This category focuses on the 

institutional dynamics and interactions considering the role of scientists as 

employees and employers. 

• Political power structures: Emphasizes the interaction of science with 

national and international politics and emphasizes that scientific knowledge 

can be abused.  

• Financial systems: Refers to the fact that “the actions of scientists and the 

distribution of resources in science are mediated by economic forces” 

(Erduran & Dagher, 2014, p.148).  

The adopted and reconceptualized FRA-to-NOS gathers on the idea that considering 

various disciplines of science both as a family with similar characteristics while 

simultaneously acknowledging that each discipline has its unique traits.   
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2.1.10 Similarity and Divergence of Available Nature of Science 

Approaches 

There exists a diversity of perspectives regarding the nature of science and the nature 

of science within the context of science education. Accordingly, it is important to 

obtain an overall look to the common and different points of available approaches in 

order to draw a picture of nature of science regarding science education. Considering 

the approaches mentioned in previous sections, it is reasonable to be state that the 

available approaches resemble on the characteristics of empirical nature, 

tentativeness, creativity and imagination, social and cultural embeddedness, methods 

and methodological rules. We can say that all approaches share aspects that primarily 

highlight scientific knowledge and its development. The core activities of science 

are clearly emphasized in all approaches highlighting the constructed nature of 

scientific knowledge. Tenets such as tentativeness and creativity, which are related 

to scientific knowledge and its development process, are included as main aspects in 

most approaches (e.g. Consensus View, Features of Science), while in approaches of 

FRA and RFN they are intertwined with sub-dimensions. Accordingly, creativity 

implicitly embedded within FRA as a psychological element that shapes certain 

component of nature of science as aims, methods, practices and scientific knowledge. 

In addition to approaches based on an epistemological perspective on the empirical 

nature of science (e.g. Epistemological Themes), there are also approaches that go 

beyond and emphasize the social and cultural embedded nature of science more, such 

as Nature of Whole Science, Features of Science and Family Resemblance 

Approach. Among these approaches, it is seen that Features of Science deals with 

more abstract concepts of science (e.g. idealization, realism) as aspects and also 

includes perspectives such as feminism and religion in the content of the nature of 

science. By addressing both the epistemic aspects of science and its social and 

institutional dimensions, RFN can be considered a more comprehensive approach 

that provides a holistic perspective on science compared to other approaches. In this 
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context, the approach can be regarded as an improved version of the consensus model 

and FOS (Erduran & Dagher, 2014).  

2.2 Data Collection Tools Developed for Nature of Science 

The nature of science has been a topic that has been discussed for many years in the 

context of both philosophy and science education. Along with this, teachers' and 

students' conceptions of the nature of science have been the subject of studies by 

educational researchers for more than 60 years (Lederman et al., 2014). These studies 

have been structured around different topics in line with their purposes and research 

questions. Therefore, a portion of the research on the nature of science also involves 

the development of various instruments and scales related to nature of science. 

Among the tools developed, there are both qualitative and quantitative instruments 

serving different purposes of research. For example, one of the first qualitative 

instruments developed to explore the nature of science conceptions is the "Nature of 

Science Questionnaire", which consists of seven open-ended questions (Abd‐El‐

Khalick et al., 1998). It was designed to investigate key concepts related to the nature 

of science, such as observation and inference, theory and law, subjectivity and 

objectivity, and creativity etc. and focused on the definition of science. Another 

open-ended questionnaire developed and most widely used in studies on NOS 

(Hodson, 2014) is Views of Nature of Science Questionnaire (VNOS) first developed 

by Lederman and O’Malley, (1990). Later the questionnaire was improved to 

different versions as VNOS-B, VNOS-C, VNOS-D, VNOS-E to be applied to 

different groups of participants. When the studies conducted regarding nature of 

science views investigated, it can be seen that forms of V-NOS are mostly used tool 

in these studies (Hodson, 2014). Different forms of V-NOS enable researchers to 

investigate the nature of science views of different groups in different levels (Abd-

El-Khalick, Bell, et al., 1998; Allchin, 2011; Clough, 2007; Kaya et al., 2017; 

Lederman & O’Malley, 1990; Wong & Hodson, 2009, 2010). It is a fact that open-

ended tools regarding nature of science, provides the opportunity to investigate one’s 
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knowledge or views in-depth. In this context it was claimed that open-ended tools 

are most suitable forms of questionnaires in order to investigate nature of science 

understandings and multiple-choice, true-false of Likert-type scales may not be 

effective on this subject (Lederman, 2007; Schwartz et al., 2004).  Therefore, it is 

not surprising that science education researchers who focus on individuals’ 

knowledge and views of the nature of science mostly use qualitative tools (Hodson, 

2014). While qualitative tools are widely used to explore individuals’ knowledge 

regarding the nature of science (NOS), despite the criticisms of Lederman (2007) 

and Schwartz et al. (2004), quantitative assessment tools have also been developed 

for similar purposes, offering the advantage of being applicable to large groups of 

respondents. 

 In the work of Lederman et al. (2014) more than twenty-five tools developed 

regarding nature of science were presented. However not all the tools were said to 

be valid considering the content of the questionnaires. According to Lederman et al. 

(2014a), some of the tools developed to assess NOS understandings have been 

discussed and recognized as valid, depending on the specific focus of the 

assessments. The Test on Understanding Science (TOUS), developed by Cooley and 

Klopfer in 1961, is also a widely used instrument in nature of science research and 

consists of 60 multiple-choice items (Cooley & Klopfer, 1961). The Views of 

Science Test (VOST) including forty statements, developed by Hillis (1975), is 

another widely used instrument in NOS research, with a particular focus on the 

tentativeness of scientific knowledge (Hillis, 1975). Another example is the 

Wisconsin Inventory of Science Processes (WISP) (Scientific Literacy Research 

Center 1967), which includes 93 test items and was specifically designed to assess 

high school students. As mentioned before, there are different scales and 

questionnaires developed regarding nature of science with various assessment aims. 

One of them is Nature of Science Scale (NOSS) which is based on the investigation 

of if science teachers had similar view of science as science practitioners (Kimball, 

1967). In addition to former mentioned tools, Views About Science Survey (VASS) 

put forward by (Halloun & Hestenes, 1998), Nature of Scientific Knowledge Scale 
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(NSKS) put forward by Rubba (1976), Views on Science-Technology-Society 

(VOSTS) by Aikenhead et al. (1992) are also tools used in nature of science studies. 

When the instruments regarding NOS understanding examined, tools developed by 

for example (Abd-El-Khalick & Lederman, 2000) seemed to focused on mostly the 

cognitive-epistemic dimensions of nature of science and displays a limited 

presentation of social, cultural, institutional dimensions of nature of science (Buber 

& Coban, 2023). Over time, as understandings of the nature of science have evolved 

from the “Consensus View” toward more holistic perspectives (e.g. FRA, RFN), 

more recent assessment tools have been developed taken into consideration current 

points of view on NOS. When we look at some more recent assessment tools, we can 

see that some have been developed with this concern in mind, focusing not only on 

the cognitive aspects of science but also on its social, cultural, and institutional 

dimensions (Allchin, 2012; Buber & Coban, 2023; Kaya et al., 2019; Takriti et al., 

2022). Prototype questions consisting of historical and contemporary cases were 

used in order to asses nature of science (Allchin, 2012) with respect to the idea 

“whole science” (Allchin, 2011). However, the proposed prototype was criticized for 

lacking validity due to concerns that it conflated the nature of science with scientific 

inquiry Lederman et al. (2014). Another instrument, “RFN Questionnaire” which 

focused on the perceptions on both cognitive-epistemic and social-institutional 

aspects of nature of science was developed by Kaya et al. (2019). The tool consisted 

of 70 Likert-type items and the items were presented under five categories that based 

on RFN approach. The five categories adopted based on the RFN approach are aims 

and values, scientific methods, scientific knowledge and social-institutional aspects 

for the instrument (Kaya et al., 2019). The RFN Questionnaire used and validated 

for languages of Turkish, English and Arabic later (Kaya et al.,2019; Takriti et al., 

2022). In 2023, Buber and Coban developed Nature of Science Understandings 

Questionnaire within Associated Approaches (NoSQ-AA) by collecting associated 

nature of science approaches under RFN. The instrument aimed to assess the 

cognitive-epistemic and social-institutional aspects of nature of science with a more 
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holistic point of view (Buber & Coban, 2023). The questionnaire consists of 17 open 

ended questions.  

Overall, it can be observed that the assessment tools addressing the nature of science, 

even though adopt different frameworks regarding NOS, are primarily aimed at 

either evaluating individuals’ understandings or views  (Abd-El-Khalick, Bell, et al., 

1998; Buber & Coban, 2023; Clough, 2007; Cooley & Klopfer, 1961; Halloun & 

Hestenes, 1998; Hillis, 1975; Kaya et al., 2019; Lederman & O’Malley, 1990). A 

review of the most widely used questionnaires on the nature of science in science 

education research reveals that these instruments have predominantly been 

developed based on traditional understanding of the nature of science (Abd‐El‐

Khalick et al., 1998; Abd-El-Khalick & Lederman, 2000; Aikenhead & Ryan, 1992; 

Hillis, 1975; Rubba, 1976). While questionnaires developed based on the idea of 

consensus view remain popular in assessing the nature of science, it can also be 

stated that more recent instruments, grounded in more holistic perspectives on 

science and its nature (eg. Whole Science, FRA, RFN) have increasingly found their 

place (Akgun & Kaya, 2020; Allchin, 2011, 2012; Buber & Coban, 2023; Kaya et 

al., 2019; Takriti et al., 2024)  

Three Tier-Tests and Nature of Science Conceptions  

In the literature, open-ended instruments developed to assess the nature of science 

are often preferred due to their ability to elicit in-depth explanations on the subject 

(Abd-El-Khalick, et al., 1998; Allchin, 2011; Kaya et al., 2019; Lederman & 

O’Malley, 1990). While these instruments provide an opportunity to explore 

concepts related to the nature of science in depth, they may not be sufficient to reveal 

the understandings of large populations. On the other hand, Likert-type, multiple-

choice, or true-false style tests appear ideal for studies involving larger participant 

groups, but they are also criticized for not allowing an in-depth assessment of 

concepts related to the nature of science (Lederman 2007; Schwartz et al., 2004).  

In the literature, tests with multiple tiers have been developed to assess science-

related concepts in specific contexts such as geometrical optics (Kaltakci-Gurel et 
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al., 2017), simple electric circuits (Peşman & Eryılmaz, 2010) as well as in the 

contexts of global warming, greenhouse effect, ozone layer depletion, and acid rain 

(Arslan et al., 2012).  Two-tier test in literature is said to consist of first a multiple-

choice layer, second a layer that aims to investigate reason of the answer given in 

the first layer tier (Adadan & Savasci 2011; Griffard and Wandersee 2001; Kaltakci-

Gurel et al., 2017; Treagust 1986). Adding a third tier to the test, provides the 

opportunity to investigate generally the misconceptions from lack of knowledge also 

determine the false positives and false negatives (Arslan et al., 2012; Kaltakci-Gurel 

et al., 2017; Peşman and Eryılmaz 2010). In multi-tier tests, one of the aims is also 

to address the misconceptions of the respondents regarding the context of the 

questions. Misconceptions in literature often defined as misconceptions are stable 

cognitive structures to change, trough understanding of students’ scientific concepts 

(Hammer ,1996). Although in many related literatures these conceptions mostly 

defined trough considering student conceptions Chi (2023; p.3) defines the 

misconceptions as “ubiquitous incorrect causal explanations, manifested across a 

variety of science concepts in numerous disciplines, across age groups, and at all 

academic levels”. Such concepts are also called as naïve beliefs, erroneous ideas, 

persistent pitfalls, myths. When we consider nature of science studies on the other 

hand, it can be said that these forms of incorrect concepts usually mentioned as mtyhs 

and misconceptions considering studies on nature of science (Dagher & Erduran, 

2016; Kızkapan et al., 2023; Mccomas et al., 1998).  
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CHAPTER 3  

3 METHODOLOGY 

This study first, focused on how the science practitioners from various fileds describe 

science and how they reflect nature of science in their descriptions of science. 

Second, the study aimed to investigate how in-service teachers from different 

branches describe science. Third, consiering the descriptions and the literature, it was 

aimed to develop a three-tier concept test regarding nature of science. Due to the 

nature of the study, both qualitative and quantitative methods were employed in this 

research.  

This chapter begins with the introduction of the research questions and research 

design of the study and continues with a detailed description of the participants and 

sample of the study. After these parts, instruments used for the data collection of 

current study are described. Finally, analyses process regarding the study is 

explained in detail.  

3.1 Research Questions 

Since the study employs two different research methods, there are different research 

questions that this study investigates. To achieve the purposes of the study, the 

following research questions were employed:  

1- How do science practitioners across various fields reflect nature of 

science in their descriptions of science? 

2- How do these descriptions align with the available NOS frameworks? 

3- How do in-service teachers from different branches reflect nature of 

science in their descriptions of science? 
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4- Are the results of Nature of Science Concepts Test valid and reliable to 

investigate science practitioners’ and teachers’ existing concepts on 

NOS? 

3.2 Research Design 

Due to the nature of this study, there are two different phases on research design. 

Firstly, I employed a qualitative research approach to reveal the perspectives of 

science practitioners and in-service teachers on science and its nature. Qualitative 

studies seek to comprehend and interpret phenomena, situations and individuals 

within their natural settings (Merriam & Tisdell, 2015). The main attempt of 

qualitative research is both to understand individuals’ worlds and how these mean to 

one experiencing the world. So much so that the term “qualitative” was likened to 

an umbrella by Van Maanen (1979), which consist of all interpretive efforts used to 

describe, understand and translate the natural setting of the social world. Qualitative 

research are attempts to understand how people give meaning the experiences around 

their world. Thus, this attempt gives the qualitative researcher a main role during 

both in the process of data collection and the analysis. Although the researcher, 

whose role is so important throughout the qualitative research, is expected to be free 

from biases and subjective elements in research process, one should be aware that 

researchers can shape their research by drawing on internal factors such as their 

interests and the theories they adhere to. In this context, I would like to emphasize 

that these internal factors also have potential enrich the quality of qualitative 

research. Main features of qualitative research are 1) to provide detailed, in-depth 

explanations of the context, 2) arrive or contribute to an existing framework or theory 

in the light of interviews, field work, observations etc. collected from individuals. 

Considering the context of science and its nature, it can be seen that qualitative 

design is broadly used in studies. Considering the aim of thoroughly examining how 

individuals define science and constructing a meaningful synthesis from these 

definitions that can contribute to the existing literature, the adoption of a qualitative 
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design in this part of the study is well-suited to the nature of the research. Basic 

qualitative research design employed considering the purpose of the study (Merriam, 

2009). Due to its nature, basic qualitative research is commonly said to be the 

interpretive, generic, and basic form of qualitative research which also mostly used 

form of qualitative research in education field (Merriam, 2009). In particular, the 

basic qualitative research design allows researchers to describe and structure their 

work in a systematic way when the nature of the research does not fit into specific 

types of qualitative research such as narrative, case study, phenomenology or 

grounded theory. The basic qualitative research design fit into purpose of the study. 

Science practitioners are individuals who have first-degree experience of scientific 

endeavor, and in terms of revealing how they describe science and how they reflect 

science and its nature in these descriptions, is compatible with basic qualitative 

design. Similarly, the research design is also suitable for revealing how teachers 

define science and which features of science and its nature they refer to in their 

definitions. Moreover, the research design is also compatible with basic qualitative 

research in order to reveal the contribution of this inquiry to existing frameworks by 

approaching the definitions related to science and its nature with an interdisciplinary 

and holistic perspective. 

Based on the existing literature and the findings obtained from the qualitative part of 

the study, the subsequent phase involved the development of a three-tier concept test 

on the nature of science. In this phase, the standard procedures for test development 

were followed. The stages related to the development of the test and the evidence 

regarding its reliability and validity are detailed in the following sections of this 

chapter.  

3.3 Participants and Sample 

In this part participants of the interviews and subjects of the concept tests will be 

introduced in detail.  
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3.3.1 Participants of the Interviews  

Science Practitioners  

Participants were 14 science practitioners, who are faculty members and do research 

in various fields in different Turkish universities in Ankara. I invited the science 

practitioners through e-mail or in person contact, they were volunteers to participate. 

The practitioners were from various branches of natural, applied/pragmatic, and 

social sciences. Natural sciences consist of disciplines such as chemistry, biology 

which deal with the physical and material world. Social sciences such as economics, 

and sociology, are based on the study of human social-cultural life including beliefs, 

behaviors, interactions and so forth. Applied/pragmatic sciences on the other hand, 

are the disciplines such as, engineering, education or medicine that focus on the 

practical application of knowledge (Neuman, 2014). In the process of participation 

selection, convenient and purposive sampling methods were appropriate according 

to the nature of the study. Apart from their precious contributions to science, the 

most important characteristics of the participants was their intrinsic appreciation for 

science education and science communication, coupled with their voluntary 

enthusiasm to engage in the study. In this manner, I assumed that these practitioners 

provide most fruitful contributions to this investigation through open-ended 

comprehensive in-depth interviews. The five of the participants have the title of 

professor, 6 of them associate professor, and 3 assistant professors. Participant 

science practitioners are faculty members from 3 different universities in Türkiye. 

Among the three universities, one is a public university, one is recognized as a 

research university, and one is a private university. The major area of research of the 

practitioners are given in the Table 3.1. Including practitioners from fields such as 

mathematics and philosophy was intentional and theoretically motivated. 

Mathematics and philosophy engage with the epistemological, methodological, and 

conceptual foundations of scientific inquiry. As Matthews (2012) argues that 

mathematics and philosophy play essential roles in shaping scientific reasoning and 

modeling. Furthermore, philosophy is the root of epistemology, which underpins 
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much of NOS theorization. Philosophers such as Popper, Kuhn, and Lakatos have 

profoundly influenced how science is understood, making philosophical reflection 

not just relevant but central to NOS debates (Irzik & Nola, 2011). Similarly, 

mathematics, while abstract and often regarded as non-empirical, is vital to scientific 

modeling, theory formulation, and proof (dimensions which are closely aligned with 

scientific epistemology and logic, Ernest, 1991). Beyond this, the aim of our study 

is to explore how individuals across disciplines conceptualize the Nature of Science, 

rather than to represent or compare entire disciplines. Including practitioners from 

these fields allows the study to interrogate disciplinary boundaries, a point that aligns 

with recent calls in NOS literature to move beyond canonical science fields and 

include interdisciplinary or adjacent domains (Dagher & Erduran, 2016). 

Table 3.1 Details about science practitioners 

 

 

 

Code Gender Main Research Area Position 

P1  Male Chemistry  Professor  

P2  Male Biology  Assistant Professor  

P3  Male Chemistry  Associate Professor  

P4  Male Physics  Professor  

P5  Female Psychology  Assistant Professor  

P6  Female History  Professor  

P7  Female Public Relations and Advertising  Professor  

P8  Male Philosophy  Associate Professor  

P9  Female Psychology  Associate Professor  

P10  Female Educational Sciences  Associate Professor  

P11  Male Civil Engineering  Associate Professor  

P12  Male Mechanical Engineering  Professor  

P13  Male Economics  Associate Professor  

P14  Female Mathematics  Assistant Professor  
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 In-service Teachers  

Due to the nature of the study, it was important to understand the perceptions about 

science and its nature from both science practitioners and teachers. In this context, 

interviews were conducted with teachers who teach in different branches. In-service 

teachers who would be interviewed to obtain in-depth information were expected to 

have intrinsic motivation for science and to want to support and participate scientific 

research. Here, I would like to point out that when I say science, it includes not only 

fields of science such as chemistry and biology but also fields such psychology, 

history and educational sciences etc. In this manner four in-service teachers were 

semi-constructed interviewed from the fields of chemistry, biology, physics and 

history. Considering all these, it can be said that participants were chosen 

purposively and conveniently for this part of the study. In-service teachers were 

connected via email or phone and invited for the study. Semi-structured interviews 

were arranged with volunteers who expressed their willingness to participate. In-

service teachers were from two different schools. One of the schools was a private 

school located in Ankara, Türkiye while the schools where the other teachers worked 

were public schools in Ankara. It should be noted that two of the teachers, biology 

and physics, also have completed their master’s (MSc) degree in the field of 

Educational Sciences. General characteristics of the teachers are given in the table 

below.  

Table 3.2 Details about in-service teachers 

Code Gender Branch Experience Graduate Degree 

T1 Female Physics 2 years MSc 

T2 Female Biology 10 years MSc 

T3 Female Chemistry 10 years BSc 

T4 Male History 17 years BSc 
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3.3.2 Sample Group for Pilot study of the Nature of Science Concept Test 

Collecting data from both science practitioners working at universities and in-service 

teachers employed in schools in Türkiye was an inherent component of this part of 

the study design. In this regard because the aim was to develop the test and establish 

the reliability and validity but no make inference from the results, data collected 

using conveniently. Thus, sample for this section of the study was identified as 

convenience sampling, based on ease of access to respondents. In this regard, we 

tried to reach as many science practitioners and teachers as we can. Data collected 

via transferring the test to online platform as Google Forms. By this way subjects 

from different regions, universities and schools were reached. Although the test 

administrated 147 subjects, a total of 131 subjects’ data were included in the pilot 

study analyses. The reasons some data were not included in the analyses was some 

subjects did not give content for the study and some subjects did not complete the 

test until the end. The exclusion of some data was due to participants either failing 

to provide content relevant to the study or not completing the test in its entirety. The 

subject science practitioners were from various fields including, Chemistry, 

Engineering, Economics, Business Administration, Physics, Medicine, Biology, 

Political Sciences, Social Work, Education and History. On the other hand, in-

service teachers were from the branches of Biology, Chemistry, Physics, 

Mathematics, History, Counseling Psychology, Philosophy, Elementary Science, 

Preschool and Primary school.  

3.4 Data collection 

In this part, design process of data collection tools of the qualitative and the 

quantitative parts of the study will be explained in detail.  
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3.4.1 Semi-Structured Interview Protocols 

Data collection of the qualitative part of the study was made with a semi-structured 

interview protocol which was created, by considering a holistic view of on NOS. The 

first step in creating the interview protocol comprised a comprehensive review of the 

existing literature concerning the conceptual frameworks of NOS approaches. 

Aiming this, indexes, journals, books were searched. Indexes such as Educational 

Resources Information Center, Social Science Citation Index, were searched 

primarily. After a detailed search, in this context, nine existing nature of science 

approaches were examined. It should be noted that there are of course many other 

approaches available in literature. For this study the approaches appropriate to the 

nature of this research were considered. The commonalities and divergent aspects of 

these nine NOS approaches were evaluated. In this context, each question inspired 

by specific aspects of the analyzed frameworks, to enable science practitioners to 

articulate their definitions of science as comprehensively as possible within the 

context of their own practice. For example, the question “Would you kindly describe 

the process you are involved in when conducting your research practices from initial 

conceptualization to results?” prepared considering the frameworks that reflects 

core aspects on practice of science (e.g. Lederman et al., 2002; Sandoval, 2005; 

Allchin, 2011). While question of “What are your thoughts on the role of social and 

cultural values in influencing your research as a practitioner?” more inspired by 

the frameworks such as Irzik and Nola (2014), Wong and Hodson (2009, 2010), 

Erduran and Dagher (2014). We would like to point out that these interview 

questions were structured as the main starting point of the interviews and used as a 

prompt to investigate the practitioners’ descriptions. 

Considering all these, eight open-ended questions were designed. Then, interview 

items were applied to a few experts whose research area is NOS and philosophy of 

science. Obtaining expert opinions, pilot interviews were held with two different 

practitioners. I noticed that there were repetitive parts thus the items were simplified. 

Figure 3.1 shows the source themes that constructed the semi-structured interview 
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items investigating NOS conceptualization and interview items. I informed 

practitioners about the content of the interview stating that they are expected to relate 

their individual research practices to nature of science concept via e-mail.  The 

interviews were all recorded, with ten of the participants the interviews were face to 

face, and with the rest the interviews were conducted via video conference. The 

interview questions acted as a prompt for practitioners to provide views on NOS in 

their research practices, and knowledge construction. Thus, participants not only 

discussed methodical nature of their research practices, but also discussed their 

research processes, which they may not have had the opportunity to discuss in depth 

before, through various factors such as social, cultural, political, and economic. 

Participants were encouraged to tell as much detail as possible with additional 

questions asked during the semi-structured interview flow. Yet, some of the 

participants stated that they realized during the interview that they had not thought 

such in-depth about their research processes before. After the interviews were 

completed, fourteen interview data ranging from 40 to 80 minutes were transcribed 

for analysis using an AI based application. During the transcription process 

researchers connected with participants to clarify the points that were not understood, 

if any. 

Similarly, the same semi-structured interview questions adopted for the interviews 

with in-service teachers. In order to understand the NOS conceptualizations of in-

service teachers, semi-structured interviews were held. Same procedure was 

followed as conducted with practitioners for informing the teachers about the 

concept of the interview and the study. I informed teachers via e-mail or phone 

messages about the content of the interview stating that the interview would aim to 

understand their conceptualization of science and nature of science. Interviews took 

25 to 70 minutes and transcribed via an AI based application. In transcription process 

interviewee teachers were connected to clarify the points that were not understood 

by the researchers. Interview protocol used in the interviews of teachers is given 

below.  
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Table 3.3 Semi-structured interview questions (in-service teachers) 

Number Question 

Q1 In your opinion, what is science, and how can it be defined? 
 (-Which fields come to mind when you think of science?) 

Q2 What are the characteristics of scientific knowledge? 
Q3 How do you think scientific research is typically conducted? How do 

you think scientists carry out their research from beginning to end? 
Q4 What qualities or characteristics are expected of scientists? 
Q5 In your opinion, what factors currently influence scientific research? 

(How might these factors affect the research process?) 
Q6 Do you think scientists face any limitations or challenges during the 

research process? If so, what might these be? 
Q7 What are your thoughts on the role of social and cultural values in 

shaping scientific research? 
Q8 How do you think scientific knowledge is disseminated? 
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Figure 3.1 Semi-structured interview protocol (science practitioners) 
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3.4.2 Nature of Science Concept Test 

The essential steps for preparing a concept test, begin with identifying concepts and 

alternative concepts related to the topic, considering the answers given to open-ended 

questions by the target group (Treagust, 1988) . The methodical framework of the 

development of the concept test on nature of science, structured around the 

description of Treagust (1988). For the preparation of the test first step included, 

setting the boundaries for the topic of nature of science and subtitles in order to 

determine the concepts that needed to be exists in participants perceptions. The 

concepts related to nature of science were derived from the existing nature of science 

approaches as well as expert opinions. In this manner reviewing the literature was 

primary step on the preparation process. It was important to determine the proper 

keywords for searching the literature considering the aim of the study. Then second 

step was to search of literature both national and international sources including 

primary and secondary sources. Aiming this, indexes, journals, books were searched. 

Indexes such as ERIC (Educational Resources Information Center), Social Science 

Citation Index, were searched primarily. In parallel with this process, science 

practitioners’ and teachers’ conceptions and alternative conceptions were tried to be 

revealed with the data collected through interview questions. In this manner after 

conducting the semi-structured interviews with the science practitioners and 

teachers, the data analyzed, and the results revealed. The results gave insight about 

perceptions of NOS of science practitioners and teachers, showed how the science 

practitioners and teachers across various field reflect the nature of science in their 

descriptions. For each nature of science subheading and theme, participants 

conceptions, and alternative conceptions were determined. Thus, the possible 

accurate concepts required in order to prepare a concept test on nature of science, 

were fed both by the available nature of science approaches (mostly) and by the 

interviews of science practitioners and in-service teachers across various fields. The 

frequently stated alternative concepts and mytes related to NOS used together with 

science practitioners’ and in-service teachers’ most frequent alternative concepts to 



 
 

47 

construct the first part of the two-tier multiple-choice test. When we consider nature 

of science studies, it can be said that forms of incorrect concepts usually mentioned 

as mtyhs and misconceptions considering studies on nature of science (Dagher & 

Erduran, 2016; Kızkapan et al., 2023; McComas et al., 1998). During this study the 

term of “alternative conceptions” was used in order to address the conceptions that 

are myths or not fully informed.  

Concepts and statements, reviewed by two experts majoring in science education, 

especially nature of science subject. After review process agreement upon experts 

was established on the accuracy and the appropriateness of the concepts of nature of 

science. First tier of the test consists of multiple-choice test items which are content 

questions having between two to five choices as parallel to description of Treagust 

(1988). For preparation of second tier, collected alternative conceptions were used 

to form the alternatives of the multiple-choice test questions. The second part of the 

test designed to reflect a set of possible reasons for the responses given in the first 

part. Also, in the items of the second tier, one blank choice is left aiming to give the 

opportunity to participant to express any personal reason for their answers to first 

parts of the test. In order to ask the certainty of the responses, a third tier was added 

to the test including options of yes or no. The third tier aimed to investigate whether 

or not the participants are confident about their answers.  

After the first version of the test is completed, the test was sent to experts in the field 

in order to establish the content validity. Five experts in the field of science 

education, especially the nature of science, and one both science education and social 

sciences, reviewed the test in terms of appropriateness to be applied to teachers and 

science practitioners. Moreover, experts also reported feedback on the items in terms 

of meaning, grammar and level. According to feedbacks some items were re-written 

and some items were changed. After details such as semantic integrity and word 

usage were corrected, the test was sent to the experts again. During this iterative 

process, reviews came back to the second version of the test. The feedbacks received 

for the second version of the test included corrections such as grammar or word 

corrections. The final version of the test was created by taking these reviews into 
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account and sent to the experts for approval again. In this way, the test reconsidered 

for three times and in the end reached its final form for implementation.  

The content of the test consisted of twelve main area considering the concepts and 

alternative concepts gathered from literature and interviews. The questions were 

formed considering these content attentively. Context of the questions are based on 

the topics of, objectivity/subjectivity, observation/inference, socio-cultural factors, 

nature of scientific knowledge, scientific method, theory/law, scientific models, 

science communication, ethical issues, different disciplines, science and technology, 

politics/economy respectively. Alternative concepts related with each main content 

and the structured alternative sets can be seen in the Appendices part C. It should be 

noted that mostly addressed concepts in literature and interviews related with this 

content taken into consideration while constructing the test items.  

Then the data collection process started. The test was transferred to an online 

platform, Google Forms, for implementation. By this way it was tried to minimize 

the loss of paper and time because the test was long and printing the test as hard copy 

would take 4-5 paper for each. A QR code was generated, which, when scanned, 

redirected respondents directly to the online test link. This method was especially 

useful for reaching participants in institutional settings, such as schools and 

universities, allowing them to access the test via their mobile devices with minimal 

effort. However, in order to deliver to test, in this case the QR code and online link 

of the test, some of the subjects were had to be interacted face to face. It was the 

hardest part of the process, to find volunteer subjects who are willing to answer the 

test until the end. It would be better to point out that the number of participants 

reached face to face and online was higher than the data collected, however, not all 

of the subjects reached, volunteered to fill out the test. Still for the pilot study data 

was collected successfully from 131 subjects which enabled the researchers to 

conduct the necessary tests for item analyses. It should be also noted that most of the 

subjects answered the test online, thus in their own environment settings, in this 

study it is assumed that subjects answered the test sincerely and by their own. Still, 

there were some cautions taken. In order to assess whether participants completed 
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the test attentively, attention-check items were embedded within the test, such as a 

question instructing them to select option 4. 

3.5 Data analysis 

In this part, analysis process of data for both the qualitative and the quantitative parts 

of the study will be explained in detail.  

3.5.1 Analysis of the Interviews 

Thematic coding was used for analysis of interview data since it allows researchers 

to find out individuals’ reviews, opinions, knowledge, experiences, or values in 

qualitative data (Miles et al., 1994). First, during preparing interview protocol the 

related literature was reviewed on NOS deeply. So that, the review gave the 

opportunity to become familiar with already existing themes, concepts and possible 

alternative concepts. Then the second step was to delved into science practitioners’ 

interview data for transcription. Afterwards the coding process started. Open coding 

was used during the first pass through the data to identify themes and assign initial 

codes, aiming to condense the large volume of data into categories. For the first cycle 

of coding, we looked for key words in the data, then the statements were taken into 

consideration. Axial coding was also conducted as a second pass through the data. 

Subsequently, selective coding was performed by scanning all the data and previous 

codes to selectively identify participants illustrating the themes. Throughout the first 

cycle, parts that appeared to be valuable for the second cycle were also recorded as 

memos. MAXQDA 22 program was used for analysis, which is known for its 

effectiveness in conducting in-depth analysis (Kuckartz & Rädiker, 2019). 

Moreover, in order to explore how science practitioners’ reflection on nature of 

science align with approaches, nine frameworks were used as a theme of coding to 

standardize the unit of coding (Merriam & Tisdell 2009). For this step, in order to 

conduct a proper analysis two criteria were followed; if the same code appeared more 
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than once in a sentence, it was assigned as a one code, if there was more than one 

different dimension in the same sentence, both codes were assigned. In this part of 

the analysis deductive coding strategy was used. 

Similarly, after the interview with the teachers were conducted, the transcription 

process began. In order to deeply analyze the interviews, it was important to begin 

transcription immediately after each session, as this facilitated a better understanding 

of the data. As part of the data analysis process, coding was systematically planned 

and implemented to explore teachers’ conceptions of the nature of science, how they 

define science, and the possible alternative conceptions they might hold. This stage 

aimed to reveal both their explicit understandings and underlying alternative 

conceptions. For this purpose, inductive coding was employed for the analysis of in-

service teachers’ interviews. After initial codes were assigned, the codes were 

collected under the themes to be able to draw a bigger picture in order to understand 

the existing concepts of teachers related with science and nature of science.  

Interview data was coded by two researchers to establish consistency and reliability 

for analyses. In this manner, each researcher coded the transcripts individually at 

first. After the coding process was completed by researchers for one interview data, 

two researchers came together and compared the codes. To ensure the reliability of 

the coding process, inter-rater agreement between two independent coders was 

calculated. The reliability rate was determined by comparing the number of 

agreements and the total number of agreements with disagreements as suggested by 

Miles and Huberman (1994). When there were divergences on codes or themes 

established, the relevant parts were discussed until the consensus ensured.  
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3.5.2 Trustworthiness  

In this part the trustworthiness issues related with the qualitative part of the study 

will be explained in detail. In qualitative studies, explanation of trustworthiness is 

important for to ensure that study is valid and reliable.  

3.5.2.1 Credibility  

Credibility of a study is related with the internal validity of the research (Lincoln & 

Guba, 1985; Merriam & Tisdell, 2016). As Guba and Lincoln (1985) stated, a 

qualitative study is constructed around multiple realities. In this manner the 

credibility of a qualitative study concerned with how the research findings match the 

reality (Merriam & Tisdell, 2016). For ensuring validity, the probability of findings 

being found as credible could be enhanced and the findings could be demonstrated 

being approved by the constructors of the multiple realities being studied (Lincoln 

& Guba, 1985).  

Triangulation is employed to strengthen the trustworthiness of qualitative research 

findings and interpretations (Lincoln & Guba, 1985). According to Denzin (1978), 

triangulation can be achieved through four distinct strategies: the use of multiple data 

sources, diverse methods, different researchers, and various theoretical perspectives. 

However, according to Lincoln & Guba (1985), criticized the triangulation with 

different theories as being not proper for the nature of qualitative research. For this 

duty, investigator triangulation strategy was used in this study in order to ensure 

credibility. The analysis part of the study conducted by two investigators and inter-

rater agreement provided. Employing investigator triangulation by working as a team 

with multiple researchers is said to be both feasible and beneficial (Lincoln & Guba, 

1985). The collaborative presence of multiple investigators helped maintain 

consistency, thereby enhancing the credibility of the findings. 

Member checks involved presenting the interpretations and conclusions derived from 

the data to the participants from whom the data were originally collected (Lincoln & 
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Guba, 1985). This process was carried out to better understand the participants’ 

intended meanings. Member checks which also called as “respondent validation” 

(Merriam & Tisdell, 2016) enabled researchers to interpret and analyze the data more 

effectively, while also providing participants with the opportunity to express 

themselves and clarify any possible misunderstandings. 

3.5.2.2 Transferability of the Study 

The transferability of this qualitative research was associated with external validity, 

referring to the extent to which the study’s findings could be applied to other contexts 

(Merriam & Tisdell, 2016). In the naturalistic approaches, it was said that 

transferability cannot be measured and expressed precisely like external validity in 

the traditional sense (Lincoln & Guba, 1985). Since qualitative research focuses on 

gaining in-depth understanding rather than broad generalizability, enhancing 

transferability required providing sufficiently detailed descriptions (Lincoln & Guba, 

1985). To ensure transferability in the present study, thick descriptions were 

employed. The research was described in detail in terms of its context, methodology, 

and findings. The important point for rich, thick descriptions was to highlight that 

the findings of the study applicable to certain time and context. The aim here thus, 

not to give a definitive conclusion about transferability, but to provide detailed data, 

method and results that can be used to assess whether transfer is possible to other 

contexts. At this point, to give the opportunity to readers and other researchers assess 

the transferability of the results of this study, as much as details tried to be provided 

about the study. These details have been reflected across a wide scope, including the 

research questions, participant profiles, the contextual development of the 

measurement tools, and the evaluation of the results. 
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3.5.2.3 Consistency of the Study 

In qualitative research, consistency is closely tied to the notion of reliability. 

Reliability refers to the degree to which research findings can be replicated (Merriam 

& Tisdell, 2016). Traditionally, reliability assumes the existence of a single objective 

reality, suggesting that repeated studies should yield the same results (Merriam & 

Tisdell, 2016). However, qualitative research does not adhere to this assumption. 

Instead, the concept of dependability is used to address reliability within qualitative 

paradigms (Lincoln & Guba, 1985). In this context, the primary concern is whether 

the findings are consistent with the data collected (Merriam & Tisdell, 2016). In 

order to ensure the consistency or reliability, strategies such as triangulation, peer 

examination and audit trail are suggested in literature (Merriam & Tisdell, 2016).  In 

current study to provide peer examination two researchers independently coded the 

interview transcripts. Following the individual coding, they convened to compare 

their codes for each interview. Inter-rater reliability was assessed by calculating the 

agreement rate between the two coders, following the procedure outlined by Miles 

and Huberman (1994), which involves comparing the number of agreements to the 

total number of agreements and disagreements. In cases where discrepancies in codes 

or themes arose, the researchers engaged in discussions until consensus was reached. 

3.5.3 Analysis of Concept Test  

After collecting data from both science practitioners and in-service teachers, the pilot 

study was completed successfully. Then the analysis process started. First step was 

to make the data ready for analyses process. For this aim, the raw data was extracted 

from Google Forms and reorganized in the Microsoft Excel (MS Excel). In this 

process, the test items were placed as headers of the rows, while participants were 

listed in the columns. In the initial step, the raw data were obtained by entering each 

participant's responses to the items into the corresponding cells of the spreadsheet. 

According to the nature of the test, there was a blank option in the second tiers, which 
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enables participants to write their answer if they would not want to choose any 

options. For the ones who used this alternative, related parts of the Excel table left 

blanked. Then the sentences of the participants were examined and the ones that 

could be categorized to the multiple-choice options coded to related parts. By this 

way, the first spreadsheet which shows the answers to each tier of the items given by 

each participant was obtained. It should be noted that most of the answers could be 

categorized into the choices due to having the same meaning as choices have. 

However, the answers that are unclear or ambiguous coded as incorrect. Subjects 

that chose to write an answer to the blank option was 9.1%. Answers that re-coded 

to the related options of test was 8.3%. After completing the table as dichotomized, 

data was ready for further analyses. 

In order to conduct statistical analyses some scores had to be calculated according to 

the raw data. So, the second step in the analyses was to calculate these scores. Correct 

Only First, Correct Both, Correct All Three, Certainty, First Tier-M, Both Tiers-M 

and Three Tiers-M scores were calculated respectively as following the procedure of 

Peşman and Eryılmaz (2010). 

Correct Only First scores calculated in this phase is based solely on the participants’ 

responses to the first tier of each item. According to this scoring system, participants 

who selected the correct answer were coded as '1', while those who selected other 

answers were coded as '0'. In the spreadsheet, participants were placed in the columns 

and items in the rows. The sum of each row indicated the number of correct responses 

a participant gave to the first tier across the test. Conversely, the sum of each column 

reflects the total number of participants who answered a specific item correctly in 

the first tier. By dividing the total number of correct responses per item (i.e., column 

totals) by the total number of participants, the proportion of correct answers for each 

item is obtained.  And this proportion represents the item difficulty level for the first 

tier of the test. 

First of all, while calculating Correct Both scores, a table was created with the 

participants in the column and the items in the row. The data set needed to calculate 
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this score, were the answers given to the first two tiers of the test (first and second 

tiers of the test). If the participant's answer to the first and second tiers of the same 

question was correct, this cell was coded as “1”. In all other cases, the corresponding 

cell was coded “0”. As a result, the sum of the rows in this table represented the 

number of correct answers each participant gave to the first two stages of the test. 

The sum of the columns represented the total number of correct answers given to the 

first two tiers of each item of the test. The total number of correct answers divided 

by the number of participants, represented the correct answer rate of the first two 

tiers of each item. Accordingly, this proportion indicated the difficulty level of the 

two-stage test.  

In the calculation of Correct All Three scores, the answers to each of the three tiers 

were used. For each subject, the scores of their answers to the three tiers of the test 

were taken into account. The calculation of the score was based on the following 

criteria. If the participant answered the first two tiers of the test correctly and at the 

same time checked “Yes” in the question in Tier 3 of the test (this tier of the items 

was asking whether the participants are sure of their previous answers), the code “1” 

was written in the relevant cell of the participant in the spreadsheet. All other cases 

were coded with “0”. The rows were summed and the scores for each participant for 

the three tiers of the test were calculated. Similar to the previous calculations, the 

sum of the columns represented the scores of the correct answers given by the 

participants to all three stages of the test. The proportion of correct answers was 

obtained by dividing the total correct answer score (obtained by summing the 

columns) by the number of participants. And this score also represented the difficulty 

level of the all three tiers of the test.  

Certainty Scores on the other hand reflect participants’ confidence in their answers. 

To calculate these scores, only the participants’ responses to the third tier of the test 

were considered. It is important to note that the third tier asked participants whether 

they were confident in their answer or not. A response of 'Yes, I am certain' was 

coded as “1”, while a response of 'No, I am not certain' was coded as “0”. In other 

words, confident participants were assigned a score of 1, and unconfident 
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participants were assigned a score of 0. The sum of the values in each column of the 

spreadsheet represented the total confidence score of each participant. By these way 

scores of certainties were calculated. 

Correct Only Second was calculated based on the answers given to the questions to 

the second tier only. In the column section included the participants and in the row 

section the answers given by the participants only to the second-tier questions placed. 

The relevant cell of the spreadsheet was coded as “1” for participants whose answers 

to only the second tier were correct and the other cases were coded as “0”. This score 

was used to calculate false negative and false positive scores.  

Also, a score of Lack of knowledge was calculated based on the cases that the subjects 

were uncertain. If a subject states that they are unconfident in their answer, regardless 

of whether it is correct or incorrect, this situation is associated with confusion about 

what they do or do not know (Odom & Barrow, 2007). It is also interpreted as the 

participant likely relying on guessing. In this study, as in previous studies (Arslan et 

al., 2012), such responses have been categorized under “lack of knowledge.” This 

scoring was again calculated based on all three tiers and shaped around three 

possibilities: First, choosing the correct option in the first tier, providing an incorrect 

reasoning in the second tier, and answering “No” (I am not confident in my answer) 

in the third tier. The coding for this case is: “1,0,1”. Second, choosing an incorrect 

option in the first tier, providing a correct reasoning in the second tier, and not being 

confident in the answer. The coding for this case is: 0,1,0. And third, choosing 

incorrect options in both the first and second tiers, and expressing lack of confidence 

in the third tier. The coding for this case is: 0,0,0. All three of these situations were 

considered as indicators of lack of knowledge in this study, and the related scores 

were calculated accordingly.  

Estimating the probabilities of false positives and false negatives which is also 

considered important in supporting construct validity (Hestenes & Halloun, 1995), 

was the next step of calculations. A false positive occurs when a subject gives a 

correct answer with incorrect reasoning, while a false negative occurs when a subject 
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gives an incorrect answer but follows correct reasoning (Hestenes & Halloun, 1995). 

Accordingly, a false positive in this test referred to cases where the subject selected 

the correct answer in the first tier, chose an incorrect reasoning in the second tier, 

and indicated confidence in their answers. A false negative on the other hand, 

referred to the cases where the subject selected an incorrect answer in the first tier, 

however chose the correct reasoning in the second tier and indicated confidence in 

their answers.  

As mentioned at the beginning of this section, there were also some statistical 

analyses conducted. The reason for conducting these analyses was to establish the 

construct validity of the test. The programs used for statistical analyses were MS 

Excel and SPSS (Version 28.0).   

According to Çataloğlu (2002), a positive correlation between the scores of the 

answers to first two tiers and the subjects’ certainty levels indicates construct validity 

of the test. Accordingly, first step of the statistical analyses aimed to investigate the 

correlation between the subjects’ Correct Both scores (which were calculated with 

the subjects’ answers given to first and second tiers of the test) and Certainty Scores 

(calculated with the subjects’ answers to third tier). Thus, these scores were 

correlated and looked for the evidence for the construct validity of the test.  

Another way to ensure the construct validity test is followed by conducting an 

explanatory factor analysis with the corrects answer scores of the test (Arslan et 

al.,2012; Kaltakci-Gurel et al., 2017; Peşman & Eryılmaz, 2010). However, the 

current concept test aimed to assess different concepts in each item, thus it was not 

expected that items would result in a meaningful factor in an explanatory factor 

analysis. Still, the analyses conducted both for the scores with correct answers. 

Moreover, in order to ensure the reliability of the test an item analyses were 

conducted. For these analyses responses to the all tiers of the test were taken into 

consideration. Thus, the calculated scores for each subject to each item was used as 

data set. By this was Cronbach’s alpha coefficient was calculated in order to ensure 

the internal consistency of the test. 
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CHAPTER 4  

4 RESULTS  

Finding related with the both qualitative and quantitative part of the study will be 

demonstarated in this section. In first part, findings related with the science 

practitioners descriptions of science will be presented. Second, the compability of 

these descriptions with avaliable nature of sceince frameworks will be demonstrated. 

Teachers’ descriptions regarding science will be revealed in the third part of this 

section. In the final part of the results, validity and reliability statistics related with 

concep test will be presented.  

4.1 Science practitioners Descriptions of Science 

This part of the study first aimed to reveal how science practitioners across various 

fields reflect the nature of science in their descriptions of science. Then, the study 

aimed to see how the descriptions of science practitioners align with the available 

NOS frameworks.  

4.1.1 Science Beyond a Definition: Understanding of Science as a 

Knowledge Production Process 

This section we examined how explanations intersect with science and scientific 

knowledge. Most of the science practitioners described science as “knowledge 

production”. We would like to point out that the definitions did not refer to science 

as “a body of knowledge” which is one of the fundamental and commonly used 

description of science (Driver, 1996). One practitioner (P2, BIOL) stated that 

“science is a process that emerged out of curiosity and is based on the production of 

knowledge, and this process has its own method” and expressed science as a process. 
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The noteworthy point in the descriptions was that practitioners go beyond defining 

science only as a body of knowledge and defined science as a process through which 

scientific knowledge is produced. The fact that science practitioners are deeply 

involved in the practice of science may have caused them to perceive and see science 

as a process. When we asked P12 (ME) how he described science, he said that he 

would give a general definition of science, and he defined science as a process related 

to production of knowledge. He continued by saying “I will now answer what science 

is and means to me” and stated that:  

When I produce new information in my field, I think that I am doing science, 

but when I think that this information is also useful, it really becomes science 

for me.  

 

P12 refers to both a general science understanding in his mind and an understanding 

of science specific to his own practice and values.  

The second common description was based on the idea that science is an endeavor 

to understand nature and how it functions. It is a striking point that only a few 

practitioners, nevertheless, included the human element in their understanding of 

“nature” concept. Nevertheless, when reviewing all the descriptions, science 

practitioners’ ideas reflect that science is a human-oriented endeavor and scientific 

knowledge is constructed by people. Supporting the idea that science is a constructed 

endeavor, all science practitioners mentioned observation, inference, evidence, 

collecting data or experimentation practices. Some descriptions emphasize on the 

use of scientific method in the process of knowledge production. P7 (PR) described 

science as “by using scientific methods, conducting research on relationships 

between variables and producing accumulated knowledge over time” and added that 

science also can be defined as a tool for the creation of knowledge. On the other 

hand, although some science practitioners did not directly mention scientific 

methods, they did argue trustworthiness and rationality of knowledge production 

process. 
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The idea that science is a way to produce knowledge was evident, however, there 

were different points of views about the characteristics of that produced 

“knowledge”. Therefore, we focused on what science practitioners attributed to 

scientific knowledge. Six of them mentioned that the knowledge that science 

produces should be testable. P3 (CHEM) stated “probably the most important 

difference between scientific knowledge and non-scientific knowledge is the 

repeatability of that scientific phenomenon. In other words, the condition of being 

scientific is that when you do research and then repeat that study, you have to make 

the same observation again” he attributed both testability and repeatability 

characteristic to scientific knowledge. Half of the science practitioners on the other 

hand, stressed the reliability aspect of scientific knowledge. While one (P10/EDS) 

attributed the reliability of the scientific knowledge to the fact that it was produced 

using the scientific method, three practitioners specifically mentioned that 

verifiability of scientific knowledge makes it reliable. P12 (ME) expressed that 

scientific knowledge should be able to be validated and stated:  

If someone attempts to reproduce the knowledge you produced 100 years 

later and reaches the same result, then that knowledge is scientific. For us, 

scientific knowledge is scientific if it is validated. I don’t see the social and 

human sciences as “science” because science should be measurable and 

repeatable. Since social sciences are information specific to the conjuncture 

in which they are located in the historical line, the information you find has 

to change 1,000 years from now, so we as people who do positive science, 

call it as nonscience.  

 

P12 (ME), who hold a positivist perspective, opposed the view that social sciences 

also produce scientific knowledge, arguing that scientific knowledge must be 

verifiable and unchangeable. P12 supported his point of view by claiming that the 

knowledge social sciences produce is subjective in contrast to natural and pragmatic 

sciences and indicated that scientific knowledge should be away from subjectivity. 
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P12 also mentioned that some produced knowledge in natural/pragmatic sciences are 

subjective due to the intentional manipulation of data and results. Thus, he claimed 

that this knowledge also does not meet scientific merit. His perspective and 

justifications regarding what science and scientific knowledge showed that P12 hold 

a positivist view on science and did not have fully informed views on subjectivity 

aspect of nature of science. Correspondingly, while examining all the descriptions, 

it can be said that most of the science practitioners from social, natural and 

applied/pragmatic sciences to some extent hold a positivist orientation on science. 

Practitioner of education sciences (P10) expressed her own science description; she 

stated that considering educational sciences as science is a controversial issue and 

said that:  

Here, there is an external judgment saying, "Can your discipline be 

considered as science as well?” And likely, from the inside, there is the 

question of whether we are a scientific discipline. Education is already a very 

abstract concept, you know, you are trying to make a science of something 

that cannot be defined, maybe that's where we engage in such a detached 

questioning. 

 

She associated her occasional question with the fact that educational sciences 

produce knowledge about human beings, and in this context, cannot fully adhere to 

the positivist paradigm. P10 also noted that all the fields outside of natural or applied 

science disciplines are also questioned as to whether they can be considered as 

science. Another social science practitioner P6 (HIST) on the other hand commented 

on the views which criticizes the nature of social sciences and humanities and stated 

that she does not separate social sciences from natural sciences, rather she sees them 

as a whole. P6 added the following:  
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I believe that these distinctions create problems within themselves. When we 

look at the scientific revolution, we see that this division did not exist at its 

core. If one reason for this separation is the attribution of subjectivity to social 

sciences, then, regardless of discipline, there is no full objectivity in science, 

and there is also subjectivity, an important thing is to get as much as close to 

the reality. 

In addition, P3 who is a chemistry practitioner stated that “I do not deny the social 

sciences, however, that it is fine if it is done, and it is also fine if it is not done, it 

doesn't matter either way”. At the same time, he also stated that he had an interest 

in history and because of this interest, he deeply researched and read about history 

studies. He noted that he just gets the knowledge about how history research is 

practiced. His recent knowledge about the method of doing research in history made 

him to believe that history can also be accepted as a scientific discipline. A summary 

regarding the descriptions of science can be seen on the image below.  
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Figure 4.1 Summary of the descriptions of science 
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4.1.2 Science as a Practice: Diverse Approaches and Common 

Foundations 

Beyond practitioners’ science descriptions, researchers examined how science 

practitioners carry out the scientific process according to their own practices and how 

they reflect the nature of science in this context. It was evident that fundamental 

activities underlying the practice of science were being discussed by practitioners. 

We observed some differences in how they refer to these activities. Core activities 

of science, such as questioning, observing and relying on evidence or verification, 

are common across disciplines, however the specific approaches vary significantly.  

Starting with common points, nearly all practitioners stated that activities such as 

curiosity, asking questions or skepticism were the first steps that initiate their 

scientific practice. P6 (HIST) defined her first step in her scientific practice as “I 

think the first basic step and concern of science is to be able to ask proper questions, 

and second is to be able to produce rationale answers to these questions”. Then P6 

explained that she specifically expressed the word “proper” because science could 

not answer all types of questions. It is an undeniable result that the questions science 

practitioners are curious about significantly influenced their areas of research in their 

scientific activities. The features attributed to the questions are being testable, being 

falsifiable, and not being dogmatic. As also was mentioned before, another common 

description that all of them referred to was empirical nature of science. The main 

practices mentioned by science practitioners were observation, inference, evidence, 

collecting data, modelling, or experimentation. Science practitioners from natural 

science and engineering branches explained their scientific practices more through 

experimentation than social science practitioners by describing the experimental 

processes they went through during their research. P6 (HIST) highlighted that social 

and natural sciences are similar in practice; “methodically, we do the same things, 

we question, we get curious, but I don't do it in nature, I don't do it with 

experimentation, instead I go to the archive and search for evidence”. Science 

practitioners emphasized the empirical foundation of their practices, by using varied 
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approaches to empiricism through different means based on their experiences in their 

discipline of science. In this manner P9 (PSY) explained her scientific practice as 

follows:  

To reach scientific knowledge, we first adopt a systematic method.  We 

sometimes work via collecting questionnaires, sometimes we try to produce 

knowledge with an experimental method. In other words, there is a systematic 

method here. We control various variables. We prevent various factors from 

affecting the result; in other words, we control them, we prevent them. We do 

not proceed based on assumptions; we proceed based on more evidence-

based data. 

 

P9 referred to the method that she employs as systematic, she also mentioned the use 

of different methods in different disciplines, all methods she exemplified were 

deductive way of knowledge production. On the other hand, P10 (EDS) opposed to 

the stereotype description of scientific practices and declared that:  

There is a book called Salsa Dancing in social sciences; it compares research 

to salsa dancing. You go and come back, sometimes you must take a big step 

back, some things may change depending on what the field is telling you; 

your questions may change along the way, your answers may change, or your 

assumptions may change. So, I think that research in social sciences and 

educational sciences is something that continues along the way, it is an 

iterative process that is organized along the way, reviewed along the way. 

 

Contrary to the idea that science progresses with a uniform and a fixed stepwise 

procedure, P10 emphasized the flexibility and adaptive nature of her research in 

educational sciences pointing out multifaceted and iterative nature of her field. That 

description was more in line with the interpretive paradigm. P2 as a biology 

practitioner made the following interpretation: 
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In terms of my field, I research the effects of plants on living things. After the 

literature review, I decide which part of the subject has not been studied and 

what I can study. Then the experiments begin, if the method does not work, 

we go back and revise the conditions and do experiments again.  

 

On the other hand, P12 (ME) highlighted the clarity of methods used in engineering, 

emphasizing the importance of using proper and high-quality instruments in 

experiments. P12 also specifically pointed out the role of technology in his practices 

and emphasized the influence of developed technology on the process of science 

from starting point to the end. Six science practitioners, all from the branches of 

natural sciences or engineering, mentioned the need for developed technology 

especially for instruments to use in experiments while describing their scientific 

practices. Even when an elaboration on the nature of measurement processes across 

different fields was encouraged, rather structured and rigid descriptions of practices 

were still observed. A summary regarding this part of the results can be seen on the 

Figure 4.2.  
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Figure 4.2 Science practitioners’ descriptions of science as a practice 
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4.1.3 Science in Context: Navigating Social, Ethical, and Cultural 

Dimensions 

Here social aspects of science from the perspective of practitioners were provided. 

All science practitioners referred to the social and cultural embeddedness of science 

and scientific knowledge. One of the most striking findings was that the majority of 

the practitioners, regardless of their disciplines, indicated at least one time that their 

research is influenced by beliefs, prior knowledge, experiences or available 

theoretical perspectives. First, factors such as science practitioners' daily lives, 

culture, values, personal interests, and areas of expertise play a significant role in 

shaping their practices. Although some of them did not explicitly state the role of 

culture and social factors in science, they all implicitly highlighted the influence of 

the factors such as culture, belief, and values on science with examples. 

Social and cultural embeddedness of science 

It was observed that, for the majority practitioners, everyday life experiences and 

personal interests play a significant role, especially in determining their research 

topics. While describing her practices, P6 (HIST) mentioned that when she had read 

a Turkish novel called “Kurk Mantolu Madonna” she was inspired from the book 

came up with a research idea. She stated the influence of the culture and personal 

interest as follows: 

I mean, a lot of people have probably read the novel [Kurk Mantolu 

Madonna] and passed it on. You know, from a professional point of view or 

let’s say such researcher side effects, the book gave me insight to conduct 

new research. 

 

P3 (CHEM) also highlighted the effect of personal interest and effect of creativity 

on science, while describing the approach he takes when initiating his research 

practices.  
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For example, I had a dream about a vitamin, one of the B vitamins, it could 

be B12, there is a substance called thiamine, I said, let's attach something to 

the atom there, let's attach an amino acid, let's try it in a reaction and then 

when I wake up like this, and decide to study about the topic. 

 

The quotes supported the idea that science is a constructed endeavor, and human 

factors play an important role in scientific practice. Practitioners’ scientific 

adventures did not simply rely on systematically followed processes, and it rather 

included impressive details about their own daily life. Nevertheless, one practitioner 

absolutely opposed the idea that science can be influenced by social and cultural 

values, stating that:  

If scientific knowledge is really produced with a scientific method, culture 

and belief have no effect on it. Because science is objective. It has nothing to 

do with social influences or anything like that, that's why we don't call social 

science as science. These factors should have nothing to do with the result of 

the knowledge we produce. 

 

P12 represents a more traditional point of view on science, asserting that scientific 

practice and knowledge should be free from any social or cultural factors. P12 

declined the influence of social and cultural factors on science, he associated these 

concerns with subjectivity in scientific knowledge. For him, social sciences are not 

objective. This shows the existence of a nuanced understanding between subjective 

nature of science versus a fully objective ideal scientific practice. 

In addition, the majority of the science practitioners pointed out the impact of needs 

and structure of the societies on their practices. P13 (ECON) expressed how 

scientific research in the field of economics are affected by the environment and 

culture lived in. He also provided an example from his academic life and stated that 

“I think, of course, people are more interested in doing research on the problems 

they face. We had a banking crisis in Türkiye, and I worked on issues related to 
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exchange rates in my doctoral thesis at that time”.  Furthermore, a few science 

practitioners also referred to a global research attempt that aroused during the 

COVID-19 pandemic, pointing out the impact of not only local but also global issues 

in scientific practices. In a nutshell, societal needs were prominently highlighted 

throughout the interviews, in which practitioners discussed why and how they 

conducted their scientific practices. Aligning with this finding, the majority of 

practitioners concurrently emphasized that they conduct their research by 

considering social values and aiming to make society to benefit from it. Science 

practitioners conduct their research not only with academic concerns in mind, but 

also with consideration for society and personal values. The following quotes of P11 

(CE) and P10 (EDS) illustrate how science practitioners indicate their motivations 

for conducting science through their personal values. P11 stated as follows: 

My first motivation when starting research is the following questions that I 

ask myself. What can we do to take knowledge in our filed to further and do 

so for the sake of humanity? By organizing the available technology, 

resources, and data we have, how can we conduct more useful studies in our 

field that serve the good of humanity and society? 

 

P10 indicated following:  

There is a concept called “public intellectual” by educational theorist Michale 

Apple. I see also myself as a public intellectual who wants to contribute to 

the good of public. I want the knowledge I produce, the education I provide, 

and the scientific knowledge I produce to benefit society in some way. 

 

P10’s self-description as a public intellectual and P11’s point of view on using 

technology and scientific endeavor for the benefit of humanity, demonstrate the 

interaction between scientific endeavor and society. The perspective of practitioners 

verifies the idea that science is both an individual and a socially engaged endeavor 
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which goes beyond producing knowledge and undertakes a broader mission such as 

offering solutions to the problems of the humanity. It was noticed both “scientific” 

or “academic” orientation and a more “practical” “application” orientated view. 

Some stresses on advancing fundamental knowledge, others more focus on 

addressing practical solutions to concrete problems.  

Economic and political issues  

Political and economic factors played also an important role in the practices of 

science practitioners. Some of the practitioners preferred to study research topics 

which have more opportunity to be funded by the authorities.  P1 (CHEM) stated 

that personal interests and his areas of expertise significantly influence the choice of 

research topics yet noted a particular tendency to focus on fields like energy, where 

funding and support are more available. P1's statement confirmed that scientific 

endeavor is shaped not only by internal factors such as personal interest and expertise 

but also by broader external economic and political factors. Practitioners have been 

asked about the constraints and challenges they have faced in their practices, 

majority of the responses designated economic factors and funding issues which in 

turn also associated to political influences. P10 (EDS) addressed the idea that 

economic considerations can sometimes play a decisive role on directing science 

practitioners towards specifically funded research areas as follows:  

Here the funds say: If you work on “this subject”, you will get the fund, if I 

you do not work on “this subject”, your research idea will not be funded. The 

most common meaning of “this” in our field is technology; if there is 

technology integration in your research, you will get the fund, if there is no 

technology, it is not important to worry about the remaining issues. 

 

P10 did not only highlight how economic factors can play a role on scientific practice 

also pointed interaction between funding and academic freedom in science by also 

arguing that “there is a very selective world in front of us and it tells you what you 
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should do, what you should or should not be curious about as a researcher”. 

Additionally, P12(ME) pointed out the effect of funding authorities in science as 

follows:  

In reality, rather than scientists, money, what we refer to as “capital”, 

manages scientific progress worldwide. Since the resources come from some 

authorities, knowledge is generated in the areas where the funding flows. 

They dictate the scientific fields in which research should be conducted and 

to where money flows in science. 

 

Many of the other science practitioners also believes that the direction of scientific 

practice is usually controlled by economic factors and therefore may become social 

premiums. These findings can be associated with the idea that academic freedom of 

science practitioners is sometimes restricted due to funding issues, which can lead to 

a situation that also limits the diversity and innovation of scientific knowledge.  

Ethical Issues and Junk Science 

Half of the practitioners emphasized the ethical aspect of practices explicitly stating 

as a vital component of science, influencing both the processes of scientific practices 

and the underlying values of the scientific community. While talking about ethics, 

P5 (PHY) and educational sciences P10 (EDS) both mentioned how they are going 

through processes ethically while conducting their studies especially if human factor 

was included. They specifically focused on the design of the study and the issues of 

ethic committee approvals. One can argue that especially in studies involving the 

human factor, ethical processes are expressed and become more evident as a process 

included in scientific practice compared to other disciplines. 

Some of the practitioners also talked about the ethics of academic publication 

processes. The common point of expressions was that they have doubt about some 

peer-view processes about their objectivity and ethical. P11(CE) shared his 

experience about the topic as follows:  
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We examined some works, and we were astonished. We tried to apply the 

data in the article however the method they proposed in the article did not 

work and it was not applicable. Then we thought, how is this article with 

these misleading data, accepted in the peer view or panel process? 

 

Practitioners’ opinions gather around the thought that having some doubts about 

some academic publications, peer-view processes, and some researchers’ 

misconduct and academic fraud. Some practitioners associated the issue of ethics in 

scientific practice with the point of view of society to science and scientists.  

P13(ECON) expressed that:  

Through the COVID-19 pandemic, as we all witnessed there were some 

misleading and misused data results presented in media by scientists. As a 

result, a certain part of society currently considers some scientists as member 

of a pharmaceutical lobby, presenting misleading data on media has damaged 

the credibility of many scientists.  

 

Ideas of the science practitioners addressed the potential of loss of trust on scientific 

endeavor regarding existence of unethical practices in the scientific community. 

Additionally, this part of the findings revealed that ethics also play a crucial role in 

both reaching to reliable knowledge and preserve scientific credibility in the 

academic world and in society. We noticed that some participants were positivist 

oriented while holding views that align with critical approach that goes beyond 

discovering surface illusions hindering the real structures in the material world.  

 

Science Communication in Post-truth Era 

Science communication, whether academic or social, is an important component of 

nature of science (Abd-El-Khalick et al., 1998; Osborne et al., 2003; Sandoval, 2005; 

Smith & Scharmann, 1999; Wong & Hodson, 2010).  Findings supported that science 
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practitioners continuously engaged socially in their academic practices. Most of the 

practitioners asserted either they take part in the academic conferences, panels etc. 

to stay up to date about current academic works or to share their current works with 

the scientific community. Expectedly, it was obvious that science practitioners 

valued science communication academically. Apart from that, some practitioners did 

not limit the idea of science communication within the scientific community and 

argued the interaction of science and society. The majority of the practitioners 

expressed some opinions about the relationship between today’s media, society, and 

science. Practitioners shared the opinion that society did not give credit to scientific 

knowledge as it should be. In relation to this, some of the practitioners addressed a 

distance between society and science practitioners. P1(CHEM) discussed that 

“society does not give credit to science.... nobody read books anymore, there is no 

questioning, no critical thinking, people believe whatever they see in television and 

social media”. P1 at the same time stated the following: 

Although I disseminate scientific knowledge academically, I do not do it in 

nonacademic fields. In daily life, nearly everything has a scientific 

explanation and maybe as scientists we should communicate and explain 

them in a scientific perspective.  

 

On the other hand, P2(BIOL) pointed out the amount of misinformation or 

disinformation which presented as scientific knowledge in social media platforms. 

In this context, by associating social media, society and science, P2 stated 

“individuals don't have ability to question the accuracy/validity of these 

knowledge”. P2 ascribed this problem to the gap that exists between society and 

science practitioners. P6(HIST) expressed that “scientific knowledge is abundant, 

but we do not have a portrait of plenty of people who can perceive and understand 

scientific knowledge in society”. P8 expressed that “scientist should also be 

responsible to disseminate their work more effectively to wider parts of the society”. 

While almost all practitioners mentioned a gap between science, scientists, and 
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society, only half of them were engaged in extra activities for science communication 

and dissemination to society. A lack of understanding in basic versus applied 

research practices observed that differentiate about producing pure knowledge and 

practical results for concrete issues. Public understanding of them and 

communication of them are not on the same line. A summary of this part of the results 

was given in Figure 4.3. 
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Figure 4.3 Social, cultural and ethical dimensions 
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4.2 Compatibility of Science Practitioners' Descriptions of Science with 

Available NOS Approaches  

In this section, first practitioners’ description of their scientific practices aligning 

with NOS frameworks will be provided. Each participant's description is compared 

with the nine different frameworks provided in literature. Then the commonalities 

and divergences of the characteristics of NOS referred by science practitioners across 

approaches will be discussed. 

4.2.1 Consensus View  

In this part the result of the analyses will answer the question of how the science 

practitioners’ definitions of science align with the consensus view approach of NOS. 

Each science practitioners’ interviews were analyzed with respect to the tenets of 

consensus view approach. Starting with the first tenet which is the empirical nature 

of science, the data analysis showed that all of the science practitioners from P1 to 

P14 all discussed about the empirical nature of science. The empirical nature of 

science constitutes of various concepts such as observation, inference or theoretical 

entities. According to data analysis, science practitioners touched on the empirical 

nature of science by emphasizing at least one of these concepts while describing their 

scientific practices. During the interview, while describing science P2 referred to the 

empirical nature of science as follows:   

R: So, first of all let me ask you this. As a practitioner of science and as a 

researcher, how would you define science with you own words?  
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P2: At least I will try to define it in a broad context. Science is a process that 

emerged out of curiosity and this process has its own method. In line with 

this curiosity, observations and a hypothesis institution aimed at overcoming 

the problem that will arise later, and the testing of these hypotheses and the 

processing of the data revealed from the tests and the process of converting 

them into data and analyzing them are actually… 

 

P12 referred the empirical nature of science while explaining how different 

disciplines work: 

P12: To explain a behavior, one has to use the dozens of knowledges 

generated in our positive sciences. They employ statistics, draw upon 

medicine, utilize evolutionary theory, and finally make an inference. 

While all of the science practitioners touched on the empirical nature of science 

during their interviews, none of the practitioners specifically stated that inference 

and observation are two different things. As the empirical nature of science tenet of 

consensus view includes the concept of differentiating the scientific observations 

from inferences, it can be said that the data did not provide any refers related to this 

differentiation. I would like to point out that, the science practitioners were not asked 

any specific questions during their interviews, that would allow them to comment on 

the meanings of inference and observation. However, although science practitioners 

did not directly say that inference and observation are different things in their 

interviews, it should be noted that, when their conversations are examined in terms 

of semantic integrity, no misuse of these concepts is encountered.  

Difference and relationships between scientific laws and theories was another tenet 

which was analyzed under the consensus view to NOS. According to interview data, 

none of the participants mentioned about the difference or relationship between 

scientific laws or theories. In fact, the term 'law' was never mentioned throughout 

discussions. On the other hand, the concept of scientific theories was mentioned in 

various parts of the interviews by science practitioners. The common point was 
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science practitioners used the term of scientific theory while giving their science 

definitions or describing how they perform science. Only one participant 

specifically, touched upon the epistemology of theory.  

P8 stated as follows while describing the scientific research process:  

P8: Scientific predictions being successful and scientific explanations being 

successful is not enough for that theory to be accepted as correct. 

I want to point out that, there was no direct question asked related with the difference 

or relationship between the scientific theories and laws during the semi-structured 

interviews.  

One of the second most referred tenet of consensus view that the science practitioners 

referred according to interview data was the creative and imaginative nature of 

scientific knowledge. 13 science practitioners, referred to the creative and 

imaginative characteristic of science while either defining science or describing their 

scientific endeavor.  When describing the process of deciding on a topic for study, 

P3 referred to the creative and imaginative nature of science as follows:   

R: When conducting scientific research, what kind of a process are you 

involved in?  

P3: What we usually do during the day is actually read scientific articles. 

Then we think about things like I can do something like this, I can add an 

innovation to it like this. 

R: What exactly happens in this process, whether it is deciding on the subject, 

method or analyses? Can you explain that a little bit? 

P3: For example I had this dream, this is a vitamin, one of the B vitamins, it 

could be 12, there is a substance called thiamine, I said, let's attach something 

to the atom there, let's attach an amino acid, let's try it in a reaction and then 

when I wake up like this, and decide to study about the topic. 
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One important point to note is that science practitioners regardless of their discipline, 

referred to creative and imaginative nature of science generally either while talking 

about the process where they decide the research topic they work, or the methods 

they employ during their research.  

Along with the creative and imaginative nature of science, theory-laden of nature of 

scientific knowledge was mentioned by 13 science practitioners during their 

interviews. This tenet shapes around the idea that observations and research always 

start and continues with the questions that are gathered from certain theoretical 

perspectives. Thus, it can be said that, according to interview data, 13 of the science 

practitioners referred at least one time that their research is influenced by beliefs, 

prior knowledge, experiences or their theoretical perspectives. P10 explained her 

process of choosing a research problem to study as follows by referring the theory-

laden NOS:  

R: When conducting scientific research, what kind of a process are you 

involved in? What exactly happens in this process, whether it is deciding on 

the subject, method or analyses? 

P10: As a researcher, I actually determine my questions considering the social 

benefit, the public interest. Frankly, I don't like, you know, in my own 

processes, putting three variables together, testing and measuring them and 

getting the result with a survey, this may be meaningful depending on the 

problem, but I don't like doing research like that. 

 

While 13 of the science practitioners gave statements that refers to the theory-laden 

of nature of scientific knowledge, not all science practitioners who touched on this 

tenet referred to the same point. In the statement of P10 in the example, the context 

refers to a point that interest and beliefs influences the subject of the science 

practitioners’ study. P13, in a statement that included the context of experiences and 

perspective, touched on the theory-laden nature of science as follows: 
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R: So, can you give us information about the process you are involved in 

while conducting your own scientific research? 

P13: In a way, we can think like this; we internalize some things as 

hypotheticals. In other words, in science, we need to test these assumptions 

and see if they match the data. Well, I am an economist, so we don't have the 

opportunity to do experiments in a laboratory. Well, my interest is more in 

the effects of various policies on various outputs of economies… 

 

On the other hand, P12 commented on the issue of subjectivity and objectivity in 

science as follows.  

P12: If scientific knowledge is really produced with a scientific method, 

culture and belief have no effect on it. Because science is objective. It has 

nothing to do with social influences or anything like that, that's why we don't 

call social science as science. These factors should have nothing to do with 

the result of the knowledge we produce. 

According to interview data, one another tenet of consensus view, which is social 

and cultural embeddedness of scientific knowledge was also referred by 13 science 

practitioners at least once. This tenet states that science influence and influenced by 

various components of culture which it is embedded. Thus, it can be said that 

majority of the science practitioners expressed statements indicating the interaction 

of science and culture.  While defining his process of selecting a topic for a study, 

P13 stated as follows:  

P13: It also depends on your areas of interest and the environment you work 

in. For example, if you have a large-scale poverty problem, you do things like 

microcredit, and this affects the institutional structure. In the central banks of 

countries like Pakistan and Bangladesh, there are special departments and 

units for those who work on this issue. 
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R: Can we say it depends according to the current needs and interest? 

P13: I think, of course, people are more interested in the problems they face. 

We also had a banking crisis in Türkiye, and I worked on issues related to 

exchange rates in my doctoral thesis at that time. 

 

P13 made a clear statement expressing how scientific research in the field of 

economics are affected by the environment and culture that is embedded in. He also 

gave an example how the cultures of countries are shaped by the scientific research 

and developments. The statement P13 provided is a good example for both how 

science influences culture and vice versa. The influence of culture on science is 

referred by P6 as follows:  

P6: While I was reading the book “Kürk Mantolu Madonna” which is a 

Sabahattin Ali book, I instead of tasting it, the idea was like oh yeah, look, I 

can apply this in a study, a research topic will come out of this. 

R: A different perspective 

P6: I mean, a lot of people have probably read it and passed it on. You know, 

a professional thing and such, researcher side effects, however the book gave 

me insight to conduct new research. 

 

In addition to previous tenets, only half of the science practitioners touched on the 

subjects that the tenet of myth of scientific method. The tenet is based on the idea 

that there is a myte which believes there is a step-by-step procedure that science 

practitioners have to follow while conducting scientific research. This tenet explains 

that there is no stepwise scientific method like a recipe in science which guarantees 

the infallible knowledge. The data provided statements which explained that science 

practitioners in fact do not always follow a step-by-step procedure in their research 
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practices regardless of their discipline. P10 commented on the scientific research 

process that she has been involved as:  

P10: There is a book called Salsa Dancing in social sciences, it compares 

research to salsa dancing. You go and come back, sometimes you have to take 

a big step back, some things may change depending on what the field is 

telling you; your questions may change along the way, your answers may 

change, or your assumptions may change. So, I think that research in social 

sciences and educational sciences is something that continues along the way, 

it is an iterative process that is organized along the way, reviewed along the 

way. 

 

As a counter to the idea that science progresses with a uniform and a fixed stepwise 

procedure, P10 emphasized that the scientific research process is a multifaceted and 

iterative process. While P10, within a social science perspective touched on that the 

scientific process does not proceed with a fixed step-by-step procedure, P2 made the 

following reference to the same idea within a biology discipline perspective. 

P2: In terms of my field, I research the effects of plants on living things. After 

the literature review, I decide which part of the subject has not been studied 

and what I can study. Then the experiments begin, if the method does not 

work, we go back and revise, and make experiments again… 

 

The last tenet analyzed according to data for consensus view was tentative nature of 

scientific knowledge. Eight of the participants gave statements that refers to the idea 

that scientific knowledge is never absolute or certain while P12 defended the idea 

that scientific knowledge is certain and cannot change, however only can correct 

itself.  
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P12: Scientific knowledge is certain and can never change over time but only 

can self-correct itself by the development of different methods and 

instruments that develop over time this is for our science.  

About the tentative nature of scientific knowledge, P8 stated that the scientific 

knowledge is produced may be change over time with new findings and corrections, 

and this should not mean that scientific knowledge is unreliable. 

P8: Scientific predictions being successful and explanations being successful 

are not enough to make that theory correct. The theory needs to work to a 

certain extent for everyone, and when it doesn't work, science works on 

discovering and correcting the mistakes were made. 

R: Can you explain this a little more? 

P8: In fact, scientific knowledge is historical. When you say it is historical, it 

is not about it being in time, but about the things that were produced at the 

time being different later. So, we discover our mistakes about that knowledge, 

discover its shortcomings, and correct them. This does not mean that all 

scientific knowledge is unreliable. On the contrary, it says that you need to 

work hard to make it reliable and more trustworthy. 

Table 4.1 briefly summarizes practitioners’ descriptions based on consensus NOS 

tenets. 
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Table 4. 1 Reflected Consensus View categories by science practitioners 

 

 

 

 

 

 

 

 

 

Tenets 

1 2 3 4 5 6 7 8 9 

 

10 11 

 

12 

 

13 14 

1.The Empirical NOS √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2.Difference and 

relationships between 

theories and laws 

       √       

3.The creative and 

imaginative nature of 

scientific Knowledge 

√ √ √ √ √ √ √ √ √ √ √ √  √ 

4.Theory-laden Nature of 

scientific knowledge 
√ √ √ √  √ √ √ √ √ √ √ √ √ 

5.Social and Cultural 

embeddedness of scientific 

knowledge 

√ √ √ √ √ √ √ √ √ √ √  √ √ 

6.Myth of scientific method  √ √  √ √ √ √ √ √     

7.Tentative nature of 

scientific knowledge 

 √   √ √ √ √ √ √  √   

Practitioner 
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4.2.2 Descriptors of Science  

Smith and Scharmann (1999) came up with an approach to nature of science which 

collects the subcategories of NOS in two main headings as objects and process of 

study and values of science. According to interview data it was seen that science 

practitioners mentioned subcategories from both parts of the approach. The main 

categories and subcategories named as descriptors of science since the approach 

describes these categories as characteristics that make a question or a field more 

scientific. For the main heading, which is the objects and processes of study, first 

descriptor to be analyzed was the one which describes the empirical characteristic of 

science. Parallel to the current characteristic, we saw that there is a category with the 

same content in the previous approach which is consensus view. As a result of the 

analysis of this category, we can say that all researchers (14) similarly referred to the 

empirical nature of science at least once.  

The second most referenced category under the heading of objects and process of 

study was the category referring to the testable/falsifiable characteristics of scientific 

claims.  79% practitioners referred to the concept during their interviews. However, 

at this point, the majority of practitioners discussed the testability of science and 

scientific claims.  

R: What are the characteristics that distinguish scientific knowledge from 

other ways of knowing?  

 

P2: I think it is related to the testing of information before it becomes 

scientific. Because if you can test it and if it can be tested in more than one 

place, it will reveal the validity and reliability of the information you will 

reach in the process of proving the accuracy of this information. In other 

words, I think the information should be clearly testable. 
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 On the other hand, only one science practitioner (P13) referred to falsifiability of 

scientific claims:  

R: What do you think science is? In other words, how do you define science? 

P13: So, science… Now, actually, I see testing hypotheses which can be 

falsifiable as science. 

 

The third category that analyzed according to data focuses on the repeatable 

characteristics of scientific tests or observations. Only the six of the practitioners 

mentioned about the repeatable characteristic of scientific tests and observations. P7 

expressed the idea of her about the characteristic of scientific knowledge as follows:  

R: How do you define scientific knowledge? What should be the 

characteristics of scientific knowledge that has gone through scientific 

processes?  

P7:  First of all, it should be testable. In other words, other researchers should 

be able to repeat the same research in the same way I did. In other words, it 

should be repeatable, testable. 

 

As can be seen in the example, P7 defined the testability feature of scientific tests 

through the claim that other scientists should be able to replicate the research. The 

next characteristic of the approach is concerned with the tentative nature of science. 

The main idea was also a tenet for previous approach. Similarly, eight science 

practitioners seemed to agree with the view that scientific knowledge is not an 

unchangeable body of knowledge. Science being self-correcting is another 

characteristic of the approach. Eight of the science practitioners’ respond indicated 

that scientific knowledge develops and changes over time in the light of new 

evidence. P12 stated that while describing their own process of obtaining scientific 

knowledge as follows:   
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P12: Scientific knowledge is validated until someone invalid it with a new 

method or instrument, then science self-correct itself. 

 

While P12 mentioned that scientific knowledge can be corrected in the light of new 

evidence, he also noted that this self-correction of scientific knowledge does not 

mean scientific knowledge is tentative and can change over time.  

If we now turn to the heading of values of science, the first category focuses on the 

explanatory of the scientific theories. In this context a minority of science 

practitioners referred to the idea that high explanatory power of the theories more 

likely to be accepted by the scientific community. P8 expressed the opinion of his on 

this subject as follows:  

P8: In philosophy of science, this issue of reliability and acceptability is 

studied in various ways. Even if you say that a theory is successful in 

producing something, this still does not mean that it is trustworthy. Since 

scientific theories are thought to be the carrier units of scientific knowledge, 

the number of phenomena they explain is related to their acceptability. 

 

While describing their scientific research endeavors, six science practitioners 

referred to conducting their studies on research questions with high predictive power. 

Another subcategory based on the idea that science values fecundity was implied at 

least once by 11 science practitioners. P3 said that:   

I was looking to the chemicals on the laboratory, when I saw the molecule 

kojic acid is the fermentation product of rice, I come up with a theory that if 

we use it with another molecule to produce a new substance. I shared the idea, 

and we studied with the molecule.  
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By reporting his idea of predicting to produce a new molecule was found to be worth 

exploring by the other researchers, P3 made clear that science values the theories 

which facilitates new ways of looking at the universe. Eight science practitioners 

indicated the open-mindedness characteristics of science. While P12 stated that the 

scientific knowledge should be away from prejudice and subjectivity according to 

their science practice, P6 stated that: 

 P6: There is no full objectivity in science and there is also subjectivity, 

important thing is to get as much as close to the reality.   

 

While only two science practitioners referred to the idea that science values 

parsimony, eight of the science practitioners expressed that they seek for logical 

arguments in their explanations while conducting research. 12 of the science 

practitioners on the other hand, gave statements which implies that in their research 

processes they make careful analysis and seek for the evidence supporting or refuting 

their claims. The summary of the analyses is provided in Table 4.2 
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Table 4. 2 Reflected Descriptors of Science categories by science practitioners 

 

 

Characteristic 

1 2 3 4 5 6 7 8 9 

 

10 11 

 

12 

 

13 14 

The Objects and Process of 

Study 

              

1.Science is empirical  √ √ √ √ √ √ √ √ √ √ √ √  √ √ 

2.Scientific claims are 

testable/falsifiable 

√ √ √ √ √  √ √   √ √ √ √ 

3.Scientific tests, observations 
are repeatable 

 √ √    √ √   √ √   

4.Science is tentative/fallible   √   √ √ √ √ √ √    √ 

5.Science is self-correcting   √ √   √ √ √ √ √  √   

Values of Science               

6.Science places a high value 

on theories that have the 

largest explanatory power  

   √    √    √   

7.Science values predictive 

power  

 √ √ √    √    √ √  

8.Science values fecundity  √ √ √  √ √ √ √ √ √ √  √ 

9.Science values open-

mindedness  

√ √ √  √  √ √   √ √   

10.Science values parsimony        √    √   

11.Scientist demands logical 

coherence in their 

explanations 

 √ √ √ √   √  √ √ √   

12.Scientist value skepticism  √ √ √ √ √ √ √  √ √ √ √ √ 

 

 

 

Practitioner 
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4.2.3 Ideas about science  

Eight nature of science characteristics that are suggested to be taught for students are 

provided by Osborne et al. (2003).  The approach proposes a bunch of ideas about 

science which were said to be essential components of nature of science in school 

curriculum. The first idea of NOS was scientific method and critical testing 

mentioned by 10 science practitioners. While science practitioners mostly talked 

about that they follow various scientific methods to conduct their research, not all of 

them claimed that the science uses experimental methods in order to test ideas and 

claims. P9 who is a researcher in the field of psychology expressed the importance 

of the scientific method and the critical testing of ideas as follows: 

R: What kind of a process you are involved in in order to reach the scientific 

knowledge? 

P9: In order to reach scientific knowledge, we first adopt a systematic 

method.  We sometimes work via collecting questionnaires, sometimes we 

try to produce knowledge with an experimental method. In other words, there 

is a systematic method here. We control various variables, perhaps. We 

prevent various factors from affecting the result, in other words, we control 

them, we prevent them. We do not proceed based on assumptions; we proceed 

based on more evidence-based data. 

 

The second idea related to nature of science is creativity for this approach. The 

analyses related to creativity was discussed previous sections within the approaches 

of NOS (see section 4.2.1). There were only four participants who emphasized the 

historical development in scientific knowledge while talking about their practice of 

science. P4 who is a physics researcher mentioned the historical development of 

scientific knowledge, when he asked about that how would he describe science with 

his own words. P4 stated:  
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P4: People like Galileo and Kepler are trying to develop various ideas and 

principles through observations made in nature, which also develops 

observationally. In other words, science originates from this, and then, of 

course, when physics begins to develop, ideas such as molecules begin to 

form, from there chemistry develops, and then, especially in the 20th century, 

biology begins to develop. Therefore, science, all of them are intertwined. 

 

Most of the practitioners also mentioned science and questioning in their interviews. 

This character of this approach focuses on the questioning nature of scientists, 

indicating that the answers they seek lead to new questions. In this manner, 12 

science practitioners emphasized the inquisitive and skeptical nature of science and 

science practitioners. P5 explained her motivation for science by underlining her 

intuition for questioning and her curiosity.  

P5: I am someone who finds scientific knowledge very valuable and always 

looks for answers to the things I am curious about in scientific knowledge. 

Therefore, my motivation in the research I do is because I am truly curious 

about something. I am truly curious about something, I question it. 

 

The next characteristic of nature of science in this approach focuses on the idea that 

there are variety of methods and approaches to conduct research. Thus, it can be said 

that the idea is based on that there is no one rigid scientific method for doing science. 

Eight of the science practitioners referred to the idea of diversity scientific methods. 

In this concept, analysis results related with the idea that there is not one rigid method 

of science was given in section 4.1.1. Although the analysis results in the context 

were given in the previous sections, in order to provide a broader understanding for 

the ideas of science practitioners the statement of P6 can be taken into consideration:  
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P6: For example, you are a natural sciences researcher, you are walking 

around in nature, looking at leaves, collecting data, in other words, you are 

looking for something different. Actually, we do the same. Methodologically, 

we do the same things, we question, we get curious, but I don't do it in nature, 

I don't do it with experiments, instead I go to the archive and search for 

evidence. 

 

P6 who is a social science researcher described the scientific data collection methods 

she employed in her scientific research as reviewing the archives and collecting 

evidence in this example; however, she did not think that the process is so much 

different from making experiments and collecting evidence. Also, the example 

statement of P9 used in the previous page expressed that, in her research practices 

she follows different scientific methods. The next idea analyzed is related with the 

analysis and interpretation of the data collected. The idea is related with that 

scientific endeavor require the use of sophisticated skills in order to make analysis 

and interpretations related to analyses. The context this characteristic mentions also 

the idea that data collected can be interpreted differently by different researchers. 

The result of the analyses in this context showed that all of the science practitioners 

reflected the part of skillful analyses and interpretations while describing their 

research practice processes. The majority of participants seemed to agree with the 

idea that scientific knowledge do not emerge without making interpretations from 

rigorous data analysis. While P7 was responding to the question which asked about 

to describe the research practices she involved she stated:  

P7: Following the collection of data during the research, an analysis phase 

begins. The important thing in that point is to focus on what kind of analysis 

you will be doing, if the method of analysis is not known, there arises a 

dependency on external sources. In order to derive meaningful conclusions, 

it is essential that the researcher have the ability to analyze the data, interpret 

the findings, and draw inferences. 
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By this statement P7 indicated the role of analysis and interpretation in conducting 

research and producing a conclusion of the research. P3, on the other hand, referred 

to the idea that the same data in science can be interpreted differently by different 

researchers as follows:  

P7: About 10 years ago, a sensational discovery was made regarding a 

bacterium that thrived in arsenic-rich water, where it was found that arsenic 

had incorporated into its DNA. The discovery led to the hypothesis that DNA, 

a fundamental molecule, could also be based on arsenic, and raised the 

question of whether arsenic-based life could exist on other planets. However, 

when these results were reinterpreted by other researchers, it turned out to be 

an error, a misinterpretation of the findings. 

 

While the statement of P7 emphasizes the importance of interpreting scientific data 

rationally and making inferences, it also emphasizes the fact that data can be 

evaluated differently by different science practitioners. Science and certainty 

characteristic of the approach implies that the current scientific knowledge is the best 

we have but is also may change in the light of new evidence. There were also similar 

concepts analyzed in previous approaches (see: tentativeness of scientific knowledge 

in section 4.2.1). In parallel with the analysis of certainty and tentativeness tenet of 

scientific knowledge in the previous sections, some science practitioners referred to 

the tentative nature of scientific knowledge dure to the light of new evidence, while 

some agreed on the certainty of scientific knowledge. To further illustrate this, P14’s 

remarks on distinguishing scientific knowledge from other types of knowledge can 

be reviewed:   

R: What do you think, what makes scientific knowledge scientific? 
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P14: What distinguishes scientific knowledge from others, is that it has been 

proven to be true, you can prove it with experiment and application. As I said, 

you can also prove it by making a proof in theoretical mathematics for my 

field, and what you proved is definitely true. That is, the feature that 

distinguishes science is that there is no gray in science. 

 

The idea titled “hypothesis and prediction” is the other characteristics that was 

analyzed next. The idea based on that science practitioners need to make predictions 

and develop hypotheses in order to develop new scientific claims. According to 

interview data 13 science practitioners seemed to find generating hypotheses or 

predictions during their research practices. While just over half of those who touched 

on context in their interviews stated that they definitely used hypotheses and 

predictions as the first steps of their research, some stated that predictions and 

hypotheses can be reviewed or used at different stages of the research, in line with 

the idea that the research process is dynamic. P2 emphasized the development of 

hypotheses in scientific process as follows:  

R: When conducting scientific research, what kind of a process are you 

involved in? 

P2: I can say that it is the process of observations made out of curiosity, the 

establishment of a hypothesis aimed at overcoming the problem that is 

revealed, the testing of these hypotheses, and the subsequent processing and 

conversion of the data obtained from the tests into data and their analysis. 

 

While describing the scientific practices he involves, P2 remarked that the research 

process of his starts with observations and hypotheses. On the other hand, P6 

expressed the prediction and hypotheses development process as follows: 
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P6: There are also cases where we do not first develop our hypothesis and 

then collect our material [data]. We can produce something later by using the 

data we collect from the archives we visit and the books we see. For example, 

I collected many documents from the Geneva archive, and about 10 years 

later, I used these documents on a question I questioned and wrote a book 

chapter. 

 

The last section of the approach is concerned with the idea that scientific endeavor 

is a both collaborative and competitive activity. 13 of the science practitioners, 

specifically mentioned on the collaborative activities they were involved in during 

their scientific practices. Science practitioners reported that they are in collaboration 

with other researchers in many kinds of way such as projects, conferences 

publications etc. Table 4.3 provides the details.  
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Table 4. 3 Reflected Ideas About Science characteristics by science practitioners 

 

 

Characteristics 

1 2 3 4 5 6 7 8 9 
 

10 11 

 

12 

 

13 14 

1.Scientific method and 

critical testing  

√ √ √  √  √ √ √  √ √ √  

2.Creativity √ √ √ √ √ √ √ √ √ √ √ √  √ 

3.Historical development 

of scientific knowledge  

   √  √  √    √   

4.Science and 

questioning 

 √ √ √ √ √ √ √  √ √ √ √ √ 

5.Diversity of scientific 

thinking  

 √ √  √ √ √ √ √ √     

6.Analysis and 

interpretation of data  

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

7.Science and certainty  √   √ √ √ √ √ √  √   

8. Hypothesis and 

prediction  

 √ √ √ √ √ √ √ √ √ √ √ √ √ 

9.Collaboration √ √ √ √ √ √ √ √ √ √ √ √  √ 

 

 

 

 

 

 

 

 

Practitioners 

 



 
 

99 

4.2.4  Epistemological Themes  

Sandoval’s study (2005) situated within the framework of the epistemology of 

scientific knowledge. First theme that was analyzed is based on the idea that 

scientific knowledge is contracted. This theme implies that scientific knowledge is 

not simply discovered in the natural world but is constructed by people. By 

describing their own scientific practices, all of the science practitioners gave 

statements focusing on the process how scientific knowledge is constructed by 

researchers. P4 for example, described his understanding of science as follows:  

P4: If we look at science from a very broad perspective, we can say that it is 

a broad field that humanity, people try to explain nature, the mechanisms of 

nature and some of the effects we see in those mechanisms, in nature, develop 

models for these and try to progress by testing them with experiments, in 

other words, it is a curiosity that people have created. 

 

P4 described science as a human made endeavor which aims to explain the nature 

and its mechanisms.  P4 also defined science as a curiosity created by people. 

According to the analysis results, similar to P4, other participants also seem to agree 

that science is the production of knowledge that emerges through human effort. The 

next theme analyzed is based on the diversity of scientific methods and states that 

scientific methods used, may differ according to different disciplines. In line with 

that idea, when the interview data analyzed it is seen that the science practitioners 

described their way of doing science specific to their own discipline. In fact, some 

of the science practitioners noted that in their science practices they use variety of 

scientific methods in order to produce knowledge. However, the number of 

participant science practitioners who specifically stated that science does not have 

fixed method is eight, and examples related to this subheading can be examined 

under the relevant headings (see: 4.2.1 & 4.2.3). The theme forms of scientific 

knowledge which focus on theories, laws, hypotheses and models, referred by eight 
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practitioners in their interviews. Science practitioners while describing their science 

practices kept on mentioning the different kinds of scientific knowledge. Science 

practitioners mostly referred to hypotheses and theories in their descriptions. On the 

other hand, only one practitioner gave a point of view regarding the epistemology of 

the theory form of scientific knowledge (see: 4.2.1). P12 while identifying the 

validation process of a scientific knowledge, mentioned both models and hypotheses 

as different form of scientific knowledge.  

R: So, what is the process followed in questioning the acceptability of the 

information you produce or the result you reach? 

P12: In engineering, the validity of the knowledge produced must be ensured. 

How do we do this? We do it through experiments or mathematical 

modelling. For example, with a mathematical model, I can determine the life 

of a material. Validation is essential. But when you can't validate certain 

things, that's when the topic you're working on may remain as a hypothesis.  

 

Eight participants on the other hand, expressed their opinions about that certainty of 

scientific knowledge varies.  

Table 4. 4 Reflected Epistemological Themes by science practitioners 

 

 

 

 
  
Themes 

1 2 3 4 5 6 7 8 9 

 
10 11 

 
12 
 

13 14 

1. Scientific knowledge is 
constructed 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2. Diversity of scientific 
methods 

 √ √  √ √ √ √ √ √     

3.Forms of scientific 
knowledge 

 √ √ √ √ √ √ √ √ √ √ √ √ √ 

4.Scientific knowledge 
varies in certainty 

 √   √ √ √ √ √ √  √   

Practitioners 
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4.2.5 Themes of Scientific Practice  

In this framework the aspects of NOS were combined in three main categories. 

Differing from previous approaches, the framework includes the social practice of 

science as additional aspects. The NOS aspects was collected in three main 

categories by Wong and Hodson (2009, 2010) were based on methods of scientific 

investigation, role of scientific knowledge and science as a social practice. Therefore, 

the approach reflects both the epistemological and social dimensions of scientific 

endeavor. While looking at the main dimensions of scientific practice themes and 

the interviews of the science practitioners, it was revealed that all fourteen 

practitioners talked about three main dimensions of the approach at least one time 

during their interviews. Likewise, it was not surprising because the main three 

aspects include more than one characteristic of NOS. Table 4.5 is providing the 

details.  

Table 4. 5 Reflected Themes of Scientific Practice by science practitioners 

 

Reflected Themes of Scientific Practice by science practitioners 

 

 
Themes 

1 2 3 4 5 6 7 8 9 

 
10 11 

 
12 
 

13 14 

1.Methods of scientific 
investigation (I. Role of 
hypothesis and design of 
experiments, II. Creativity in 
science) 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2. The role and status of scientific 
knowledge (I. Theory laden 
nature of science; II. Laws, 
theories, models, and tentative 
NOS) 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

3.Science as a social practice (I. 
Social, economic, political, and 
ethical values; II. Research 
funding issues, academic 
freedom, and ethics; III. 
Collaboration and competition; 
IV. Peer view) 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

Practitioner 
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4.2.6 Nature of Whole Science  

Whole Science framework (Allchin, 2011) aims to provide a new approach to NOS 

assessment by transforming current NOS characters into multiple dimensions, 

practitioners mentioned every characteristic of the framework. Unlike the previous 

two approaches where characters were grouped under a central theme, in this 

approach, due to the detailed dimension of NOS characters, it is seen that some 

dimensions are less frequently reflected in the interviews. The cognitive process was 

the least mentioned characteristic of NOS based on Allchin’s framework. Only 6 of 

the participants had something to say about cognitive process of NOS. Furthermore, 

like previous themes the epistemological and practical dimensions of science were 

addressed by nearly every practitioner. Notably, dimensions such as the human 

context in science, culture, and social interaction among scientists were also 

mentioned by all participants. As a remarkable result, although many participants 

talked about economy and funding in their science practices, their focus differed. 

Chemistry practitioners (P1 and P3) and biology practitioner (P2), mentioned that in 

their research they have certain amount of funding, however based on nature of their 

research areas, they need expensive devices and chemicals, so they need more 

funding. On the other hand, history practitioner (P6), philosophy practitioner (P8), 

psychology practitioner (P7), and education sciences practitioner (P10) mentioned 

that it is not easy to find funds for their research ideas.  Education Sciences 

practitioner explained their opinion in funding as;  

Here the funds say: If you work on this subject, you will get the fund, if I you 

do not work on this subject, your research idea will not be funded. The most 

common meaning of this in our field is technology; if there is technology, 

you will get the project, if there is no technology, it is not important to worry 

about the remaining issues.  

The summary is given in Table 4.6 
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Table 4. 6 Reflected Nature of Science dimensions by science practitioners 

 

 

Dimensions 

1 2 3 4 5 6 7 8 9 
 

10 11 

 

12 

 

13 14 

1.Observations and 

reasoning 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2.Methods of 

investigation 

√ √ √ √ √  √ √   √ √   

3.Instrumentation & 
experimental practices 

√ √ √ √  √ √ √ √ √  √   

4.Cognitive process   √ √ √ √    √  √   

5.History and creativity √ √ √ √ √ √ √ √ √ √ √ √  √ 

6.The human context √ √ √ √ √ √ √ √ √ √ √  √ √ 

7.Social interactions 

among scientists 

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

8.Economics and 

funding 

√ √ √  √ √ √ √  √ √ √   

9.Culture   √ √ √ √ √ √ √  √ √ √  √ 

10.Communication and 

transmission of 

knowledge  

√ √ √ √ √ √ √ √ √ √ √ √ √ √ 

 

 

 

 

Practitioner 
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4.2.7  Features of Science  

 When the participants' interviews were analyzed based on Matthews’ features of 

science (2012), the nature of science characteristics that are similar to previous 

approaches (empirical nature of science, scientific method, tentativeness, creativity, 

etc.), were discussed by the participants in similar proportions. It was seen that the 

experimentation feature, which was categorized separately compared to previous 

frameworks, was mentioned by many participants regardless of their fields. Most of 

the participants who talked about experimentation mentioned it while describing the 

experimental processes they went through during their research. P6 (history 

practitioner) highlighted that the idea of social and natural sciences is actually similar 

in practice; methodically, we do the same things, we question, we get curious, but I 

don't do it in nature, I don't do it for experimentation, instead I go to the archive and 

search for evidence. One of the striking findings was that the participants gave less 

space to the relatively more abstract features of science, such as idealization, 

mathematization, rationality and realism in their practices. Furthermore, number of 

participants who link their perspectives on life and ideological frameworks, such as 

feminism and religion with their scientific methodologies is notably low. Participant 

14 (mathematic practitioner) noted that as a researcher, she also carries out activities 

to spread science outside of the academy on women-specific platforms to contribute 

to gender equity. Participant 10 (educational sciences practitioner), on the other 

hand, mentioned incorporating feminist theory as a research method when 

elucidating their scientific practices. The brief summary of crosschecks is provided 

in Table 4.7 
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Table 4. 7 Reflected Features of Science by science practitioners 

 

 

Features 

1 2 3 4 5 6 7 8 9 
 

10 11 

 

12 

 

13 14 

1.Empirical basis √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2.Scientific theories and 

laws 

       √       

3.Creativity √ √ √ √ √ √ √ √ √ √ √ √  √ 

4.Theory dependence √ √ √ √  √ √ √ √ √ √ √ √ √ 

5.Cultural embeddedness √ √ √ √ √ √ √ √ √ √ √  √ √ 

6.Scientific method  √ √  √ √ √ √  √     

7.Tentativeness  √   √ √ √ √ √ √    √ 

8. Experimentation √ √ √ √  √ √ √ √ √  √ √ √ 

9. Idealization   √         √   

10.Models    √ √        √  √ 

11.Values and Socio-

scientific issues 

√ √ √ √ √ √   √ √ √ √ √ √ 

12.Mathematisation    √    √    √  √ 

13.Technology  √  √  √    √ √ √   

14.Explanation √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

15.Worldviews and Religion    √ √ √  √ √ √  √   

16.Theory choice and 

rationality 

  √        √    

17.Feminism      √    √    √ 

18.Realism and 

Constructivism 

      √ √  √  √   

Practitioners 
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4.2.8  Family Resemblance Approach  

The framework Family Resemblance Approach to NOS suggested by Irzik & Nola 

(2011, 2014) touches the distinction of science as a cognitive-epistemic system of 

thought and practice on the one hand, and science as a social-institutional system on 

the other, also notes their interactions. Like previous frameworks’ analysis, it was 

seen that nearly every participant mentioned NOS categories related with the 

epistemology and practice of science. Because the approach for cognitive-epistemic 

system of science divided main four categories it was not surprising to see 

participants to touch on nearly all NOS categories while explaining their practices. 

When we looked at the results of second main category, which is science as a social-

institutional system, every participant talked about their professional activities. The 

social certification and dissemination of scientific knowledge and social values of 

science were also two subcategories which were talked about by most of the 

participants. Expectedly, most participants stated either that they take part in the 

academic conferences, panels etc. to stay up to date about current academic works 

or to share their current works with the science community. Additionally, 11 

participants concurrently emphasized that they conduct their research by considering 

social values and aiming to make society to benefit from it. Surprisingly, the least 

mentioned category was the scientific ethos, with a frequency of seven participants.. 

Table 4.8 provides details. 
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Table 4. 8 Reflected FRA categories by science practitioners 

 

 

Categories 

1 2 3 4 5 6 7 8 9 
 

10 11 

 

12 

 

13 14 

Science as a cognitive-

epistemic system 

              

1. Process of inquiry √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2.Aims and values  √  √ √ √ √ √ √ √ √ √ √ √ 

3.Methods and 

methodological rules 

 √  √ √ √ √ √ √ √ √ √ √ √ 

4.Scientific knowledge √ √ √ √ √ √ √ √ √ √  √ √ √ 

Science as a social-

institutional system 

              

5.Professional activities   √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

6.The scientific ethos    √  √  √  √ √ √ √ √  

7.The social 

certification and 

dissemination of 

scientific knowledge  

√ √ √  √ √ √ √ √ √ √ √ √ √ 

8.Social values of 

science 

√ √ √  √ √  √  √ √ √ √ √ 

 

 

 

 

 

 

Practitioner 
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4.2.9 Reconceptualized FRA-to-NOS (RFN)  

The reconceptualization of FRA (Irzik & Nola, 2014) by Dagher and Erduran (2014) 

includes three more categories, including: political power structures, social 

organizations, and interactions and financial systems. Because the eight categories 

of the framework are parallel with FRA, as expected, the analysis of the common 

categories stayed the same. Additionally, eleven participants’ statements are noted 

to be related with social organizations and interactions. Moreover, twelve 

participants talked about political power structures and financial system while 

explaining their science practices. Political powers generally included in the topic of 

academic freedom. P10 said “there is a very selective world in front of us and it tells 

you what you should do, what you should or should not be curious about as a 

researcher” while P5 stated that “there were times when I worked on politically 

extreme issues like religious groups and attitudes towards women, but so far I 

haven't received any criticism, at least not from the authorities”. In addition, as an 

expected but interesting result, it was seen that the participants words about political 

power structures and the financial systems seemed to occur in close sentences. The 

summary is given in Table 4.9 
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Table 4. 9 Reflected FRA to NOS categories by science practitioners 

 

 

Categories 

1 2 3 4 5 6 7 8 9 
 

10 11 

 

12 

 

13 14 

Science as a cognitive-

epistemic system 

              

1. Aims and values  √  √ √ √ √ √ √ √ √ √ √ √ 

2.Practices √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

3.Methods and 

methodological rules 

 √  √ √ √ √ √ √ √ √ √ √ √ 

4.Scientific knowledge √ √ √ √ √ √ √ √ √ √  √ √ √ 

Science as a social-

institutional system 

              

5. Scientific ethos   √  √  √  √ √ √ √ √  

6. Social values  √ √ √  √ √  √  √ √ √ √ √ 

7. Professional activities  √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

8. Social certification and 

dissemination of scientific 

knowledge 

√ √ √  √ √ √ √ √ √ √ √ √ √ 

9.Political Power structures √ √ √  √ √ √  √ √ √ √ √ √ 

10.Social Organizations and 

interactions 

√ √ √ √ √ √ √  √ √ √   √ 

11.Financial systems  √ √ √ √ √ √ √ √ √ √ √ √   

 

 

 

 

 

Practitioners 

 



 
 

110 

4.2.10 Commonalities and Divergences across Approaches  

Descriptions of science aligned with several common themes across the nine 

frameworks. The empirical nature of science emerged as a central theme and was 

emphasized consistently in the descriptions of practitioners. Role of observation, 

inference and experimentation in scientific practices frequently referenced in 

descriptions of science practitioners, which aligns with the core characteristics of 

NOS as well as nine different approaches. As also mentioned in previous section, 

practitioners continuously referred to the human-oriented nature of science which 

also addressed the role of creativity and imagination in their scientific practices. 

Thus, creativity which is a common theme across seven approaches of NOS, and 

framed implicitly in FRA and RFN approaches, seemed to be acknowledged as an 

important component of scientific endeavor by practitioners. Similarly, majority of 

the practitioners’ descriptions aligned with the frameworks which emphasizes 

theory-laden NOS and focuses on the idea that practitioners’ beliefs, prior 

knowledges and choices of theory influence their scientific practices. Science 

practitioners who perceived science as a human-oriented endeavor rather than a body 

of knowledge, included the scientific method and its components in their definitions 

indeed. These results of the study suggested that the majority of the descriptions 

align with the approaches of NOS that emphasizes the scientific method. 

Nevertheless, it was obvious science practitioners specifically placed less emphasis 

on aspects such as the myth of scientific method during interviews. Social and 

cultural embedded nature of science also emerged as a common theme across the 

descriptions, since science practitioners frequently mention influence of personal, 

social, cultural, political, and economic components in their scientific practices. In 

the meantime, the fact that many practitioners shared their experiences about 

conferences and collaborations was an indication that they were in an interaction 

socially and academically in their practices. In this respect, it can be said that results 

of the study are quite compatible with approaches which consider science also as a 

social practice (e.g. FRA-to-NOS, Whole Science, Themes of Scientific Practices). 
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The results also found out that subjectivity addressed explicitly by only half of the 

practitioners, however the majority of them as mentioned, frequently referred to 

influence of personal interests, social, and cultural factors on scientific practices.  

Despite the similarities, in some points the results differed. The points of divergence 

were most apparent for the more abstract and philosophical aspects of nature of 

science. There was less discussion on themes such as idealization, mathematization 

or philosophical components like parsimony, realism or nominalism. Similarly, 

analyses revealed that practitioners who link their perspectives on life and 

ideological frameworks, such as feminism and religion with their scientific practices 

was notably low. In this respect, descriptions of science were less compatible with 

approaches like Descriptors of science (Smith & Sharman, 1999) or Features of 

Science (Matthews, 2012) include more abstract components of science. However, 

we should better highlight that, there were no direct questions which will guide the 

science practitioners to think and reflect about abstract, more philosophical or 

cognitive aspects of NOS in interview questions. Likewise, the interview questions 

were not designed to enable science practitioners to articulate the differences 

between theory and law or observation and inference. The interview questions were 

designed to understand the scientists' own science practices. In this context, the 

interviews may not have allowed science practitioners to talk about some abstract 

components of the NOS such. It can be said that the current study is limited in these 

aspects. We have noticed scarcity in descriptions elaborating availability of different 

orientations of sciences holding more academic/scientific and more activist, 

practical, and action orientations. Regardless of being natural or social scientists, 

positivism suppresses other approaches such as interpretive and critical paradigms.  

4.3 In-service Teachers Descriptions of Science 

In this section, science descriptions of teachers from different branches will be 

investigated. Findings related with the descriptions of teachers can be found under 

three main headings of this part.  
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4.3.1 What Counts as Science? Definitions from Teachers’ Perspectives 

Interviews conducted with in-service teachers regarding science resulted in some 

main themes. To start with teachers’ descriptions of science, the results revealed that 

the main focus of the science descriptions of teachers regardless of their discipline, 

was describing science as a type of trustable (real, or true) “knowledge”. When the 

Biology teacher asked “how do you describe science you’re your own words?” the 

answer was “Actually... If I were to express it in one word, I would say it is what is 

‘real knowledge’”. In this context, it is evident that the teachers associate the 

reliability of science, and thus of scientific knowledge, with characteristics such as 

objectivity and being based on evidence. Chemistry teacher stated that she defined 

science as a trustable knowledge because it relays on evidence and can be proved 

with mathematics. Also added that, “scientific knowledge should rely on observation 

and a process of inquiry, questioning, and data are essential”. Therefore, it can be 

said that chemistry teacher associated reliability of scientific knowledge with 

empirical characteristics of science. Similarly, the physics teacher explained that 

scientific knowledge is reliable by being consistent, measurable and observable. On 

the other hand, history teacher stated his thought about why scientific knowledge is 

trustable as follows:  

Scientific knowledge is objective. It must be produced in an indisputable and 

impartial manner. In other words, it should be knowledge whose objectivity 

and impartiality are trusted unless proven otherwise. 

 

The history teacher's statements suggest that he defines the production process of 

scientific knowledge as entirely objective and free from any external influences, 

indicating a rather positivist approach to science. When asked, “Do you think there 

is no subjective aspect in science at all?”, the teacher responded as follows: 
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Of course, scientific knowledge must be accurate, clear, and impartial. The 

way you interpret that knowledge may affect the process. That would be your 

objective interpretation. Otherwise, the knowledge itself is clear and 

objective. At most, you filter and interpret it through your own knowledge 

base, cultural values, or lifestyle. That becomes your personal interpretation. 

It does not change the objectivity of scientific knowledge. 

 

With this perspective, the history teacher appears to be aware that scientists’ 

backgrounds and cultures may influence science, yet it is also evident that he 

perceives these influences as a threat to the objectivity of scientific knowledge. This 

reflects a common misperception: subjectivity in science, or in the characteristics of 

scientists, is understood only as a factor that affects the interpretation of scientific 

knowledge. Therefore, this line of thinking supports the myths that science is 

objective at every stage or that scientists are entirely objective.  

On the other hand, Physics teacher’s description of science included more improved 

views regarding the subjectivity/objectivity issue on scientific knowledge and 

scientists. Physic teacher’s comments on science was as follows: 

Of course, scientific knowledge is objective. But I mean, I think science is 

not without its subjectivity. After all, our data, topic, and comments changes 

even according to the environment we are in. So yes, maybe it is objective in 

general, as a general assumption, but it also has subjective aspects. 

 

Physics teacher while talking about science and a science practitioner stated also that 

“the point a science practitioner has to be objective is the process where she/he 

evaluates the results of the study. The results should not be manipulated through a 

defended idea or theory”. Then the question asked to the teacher, whether 

manipulation of a result mean in her mind the subjectivity concept mentioned earlier. 

Physics teacher answered that “manipulation of the result of a data intentionally is 
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not what I meant with subjectivity in science. This is more an issue of ethics”. By 

this view it can be understood that, teacher is aware that science has both subjective 

and objective aspects in process. The teacher acknowledged that factors such as past 

academic experience, culture etc. influence science and scientists in their knowledge 

production and moreover the teacher is aware that these all also mean subjective 

elements in science. Moreover, it can be said that the teacher acknowledged the 

difference between what is meant by subjectivity in science and manipulation of a 

research result. Physics teacher also added that “the thought that science should be 

fully objective is a misconception which is very common among society and 

students”.  

In addition, when examining the teachers' definitions of science, it is evident that 

they associated scientific knowledge with the concept of “truth”. The results 

indicated that the teachers tended to perceive scientific knowledge as true and 

certain. However, the physics, chemistry, history and biology teachers also 

acknowledged the tentative nature of scientific knowledge. The chemistry teacher, 

in particular, emphasized that scientific knowledge can still be questioned even after 

it has been established, stating: 

Because everything changes, science changes too. Even widely accepted and 

well-established knowledge can be updated. Even knowledge produced 

through science, such as atomic theories in chemistry, remains open to 

questioning. 

 

While talking about their definitions of science, physics and biology teachers 

reported interesting statements. The two teachers had in common that when they 

think of science, they think of physics, chemistry and biology. The physics teacher 

added that “philosophy and philosophy of science also come to my mind when I think 

of science”. In addition, two teachers stated that they did not consider social sciences 

as sciences, so they based their definition of science on positive (real) sciences such 

as physics, chemistry, biology. Their answers to the question “why do you think 
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social sciences are not science?” were also similar. The interview analyses revealed 

that both teachers argued that social sciences do not produce reliable knowledge 

because they are highly subjective. It should also be noted that both teachers 

completed a master's degree in educational sciences after completing their 

undergraduate education. In this context, the teachers' statements that the idea of not 

seeing social sciences as sciences was formed after completing a master's degree in 

educational sciences were quite striking.  

I don't find social sciences to be very scientific. I get my master's degree in 

educational sciences, so I can say there is a huge difference between studying 

biology and studying social sciences. I feel like social sciences are more like 

somehow find a cover for a result, results can be manipulated in any way. On 

the other hand, biology is a field supported by data that reaches more precise 

results. 

 

In this context Physics teacher reported that:  

Even thought, I conduct a study for my master’s degree in educational 

management department in social sciences, I do not think that social sciences 

meet the criteria to be accepted as scientific. Science needs at least a little bit 

of certainty for us to call it science. I mean the outcome should be certain, 

and I haven't found this in the social sciences. Frankly, I don't think that 

psychology or sociology is science. Of course, it is a discipline, a field of 

study. But I think social sciences do not have a specific result. Therefore, I 

think it does not fit into the steps of scientific research. 

 

Both teachers’ statements reveal the fact that their trust on the knowledge produced 

in social sciences were decreased after completing a master degree on educational 

sciences.  The views that social sciences are highly subjective, that their results are 

manipulable or uncertain, and that it is not possible to reach “definitive” results as in 
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the natural sciences are noteworthy. These findings revealed that teachers' 

conceptions of science are dominated by a positivist perspective and that they see 

science as limited to disciplines (particularly natural sciences) based on observation, 

data and measurability and to fields where “certain” knowledge can be achieved. 

4.3.2 From Fixed Steps to Dynamic Processes: Teachers’ Views on How 

Science is Practiced 

The teachers also expressed differing views on how scientific practice is carried out. 

The biology teacher emphasized key components such as experimentation and 

observation, data collection process of scientific practice. While discussing these 

practices, she described scientific practice as dynamic rather than dependent on 

fixed, standardized steps, stating: 

I don’t think that the positive sciences we refer to as ‘science’ follow a linear 

process, even though they may appear straightforward. Each time you 

conduct an experiment, you don’t simply start and continue in a straight line, 

you often find yourself going back to the beginning. You design an 

experiment that seems logical at first, but then realize it was structured 

incorrectly, and it doesn’t work, so you go back and revise it. 

 

The biology teacher also acknowledged that scientific practices may vary depending 

on the specific field of study, adding: 

The research you conduct differs depending on the field such as physics, 

chemistry, or biology. In some areas, experimentation is not possible, and 

results must be drawn solely through observation. Therefore, I believe 

scientific practice changes depending on the discipline. 
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These responses suggest that the biology teacher adopts a holistic view of science, 

moving away from traditional myths about a fixed or uniform scientific method. The 

analysis indicates that she is aware of the disciplinary differences in scientific 

practice and sees the scientific process as iterative rather than strictly linear. 

Similarly, the chemistry teacher defined scientific practice through the lens of 

experimentation and described a flexible and evolving approach where experiments 

are revised and repeated when necessary: 

I can’t say there’s a fixed method, like first making a hypothesis and then 

testing it. For example, we may first observe something in nature, then decide 

to investigate it scientifically. There are even cases where science 

practitioners change the experiment through the process. 

 

In contrast, the physics teacher provided a more structured and traditional description 

of the scientific process: 

We produce hypotheses. First, we identify a problem. Then we generate 

hypotheses. After that, we conduct experiments. Then we observe the 

experiment, and finally, we draw conclusions. The analysis proceeds in this 

way. 

 

Although the physics teacher refers to an experimental process similar to those 

described by the biology and chemistry teachers, her framing of science reflects a 

more rigid and step-by-step model. Her description aligned with the traditional view 

of the scientific method, which emphasizes hypothesis-driven experimentation, data 

collection etc. in a fixed sequence. When we examine the history teacher’s comments 

on how science is practiced, it becomes clear that his views center around science as 

a dynamic, inquiry-based, and ethically grounded process. It was interesting that his 

definition of scientific process again based on objectivity. History teacher reported 

that science practitioners start the research process with a curiosity, observation or a 
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problem in mind and search the literature about the topic. He then stated the 

following:  

In this regard, they access, collect and find objective, qualified publications 

accepted by everyone on that subject and conduct preliminary research on 

them. Of course, they need to look at many sources with a critical perspective 

in this sense. And then, these sources are supported by other sources with 

archive research and a conclusion is reached. 

 

When looking at the history teacher’s comments, it is evident that he provided a 

definition of scientific practice specifically related to the discipline of history. In this 

context, the fact that the teacher begins his explanation with the curiosity or a 

problem of interest for the scientist indicates an emphasis on the inquiry-based nature 

of the scientific process. Additionally, it can be observed that he was aware of the 

critical dimension within scientific practice. While discussing scientific practice in 

the field of history, it is noteworthy that the teacher acknowledged the social aspects 

of knowledge production, yet still placed a strong emphasis on objectivity throughout 

the process. The analysis results suggested that this reflects an understanding in 

which objectivity in science is reduced mainly to the interpretation of data, rather 

than being seen as a broader and more complex concept. 

4.3.3 Teachers’ Perspectives into the Non-Epistemic Dimensions of 

Science 

Although the teachers’ definitions emphasized objectivity in science, they also 

acknowledged several factors that influence science and science practitioners. These 

influencing factors were generally described as external, such as social, economic, 

and political conditions. Additionally, the results revealed that teachers associated 

the question of why science practitioners engage in science with motivations such as 
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curiosity, a desire to contribute to society, and personal interest. The analysis also 

shows that teachers made comments regarding the role of ethics in scientific practice. 

It can be observed that while defining science and scientific activities, the teachers 

explained scientists' motivations for conducting science from different perspectives. 

The biology, chemistry, and history teachers believed that scientists are driven by 

the aim of benefiting society. The chemistry teacher stated, “When I look at the 

scientists I know, I truly think they try to contribute and be beneficial to humanity” 

while the history teacher expressed his view by saying, “The research that scientists 

conduct should benefit society.” On the other hand, the physics teacher stated that 

science practitioners' areas of interest and the cultures they come from affect the 

research they do. She stated that: 

For example, scientists can start from very simple things. Let’s say I am a 

science practitioner, and my mother has been giving me mint and lemon tea 

whenever I was sick for years, and I have always gotten better after drinking 

it. Out of curiosity, I might want to investigate this as a scientist. 

 

In this context, it appears that the teachers view science as being in interaction with 

societal needs, cultural values, and the personal experiences of science practitioners. 

These views revealed that the teachers define the scientific process not only from as 

a technical practice but also as a human-centered endeavor. 

Moreover, all four of the teachers agreed that science and its practice are influenced 

by economic factors in particular. All teachers stated that they think the economic 

support allocated for science is not sufficient. Teachers also agreed that insufficient 

economic resources negatively affect science practitioners' research and that this 

situation could slow down the production of scientific knowledge regardless of the 

scientific discipline. History teacher stated that:  
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Not providing enough financial support to science can have a major impact 

on knowledge production. When we think about history researchers, they 

need to conduct on-site visits to see the documents and artifacts they research, 

but not finding the necessary support to do this can negatively affect their 

research. 

 

With similar thoughts chemistry teacher mentioned that she thinks that the funding 

and economic support for science especially in universities is not enough and 

reported that:  

I remember from university, for example, when it came to equipment. We 

used to conduct experiments in the lab, but sometimes the stock solution 

would be expired, the machine would be broken, or the instructor would say, 

‘This isn’t how it’s normally done, but since we don’t have the proper 

equipment, we’re showing you the results from a previously completed 

experiment’. 

 

As can be seen from the quotes above, teachers seemed to aware that economic 

conditions and resources play an important role in science and knowledge 

production. Teachers think that material shortages in experimental fields or 

difficulties in accessing resources in social science fields might slow down the 

production of knowledge. These views showed that teachers do not only see science 

as a cognitive-epistemic system but were also aware of its social context. 

On the other hand, history and biology teachers mentioned that science is affected 

by politics, especially in terms of academic freedom. According to the two teachers, 

the effects of politics on the scientific subjects studied are quite high. The biology 

teacher expressed these views by stating: 
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In particular, the policies of some countries can even determine what kind of 

scientific research you are allowed or not allowed to conduct. There are cases 

where certain experiments are not even permitted. This can be a factor that 

restricts the academic freedom of scientists. 

 

In addition, the history teacher gave examples of research topics related to sexual 

orientation and pointed out that even though some researchers may want to study 

these issues, they impose self-censorship on themselves in certain societies. Then he 

added “At this point, I think that scientists need to work in a completely uncensored 

environment in order to reach the limitlessness of their horizons”. These results 

showed that the teachers believe the scientific research process is not solely 

dependent on scientists themselves, but is also influenced by external factors. It is 

evident that the teachers were aware that science is, at times, affected by politics and 

power relations. It can also be said that teachers acknowledged that these influences 

sometimes limit scientific freedom. 

4.4 Statistics of the Concept Test  

There was some statistic tests conducted in order to establish the validity and the 

reliability of the test developed. In this part results of the test regarding reliability 

and validity will be presented.  

As mentioned in previous studies conducted with students (Arslan et al., 2012; 

Kaltakci-Gurel et al., 2017; Peşman & Eryılmaz, 2010), the correlation between the 

scores of the first two tiers and the level of confidence can be considered an indicator 

of validity for three tier tests. For the student samples, it has been stated that the 

higher the correlation between these two scores, the better the test functions 

(Çataloğlu, 2002).  

In this context, the relationship between the Correct Both and Certainty scores for 

the current test was calculated using Pearson Correlation. In this regard a statistically 
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significant positive correlation, r (131) = .277, p < .01, was found between Correct 

Both and Certainty scores. These results indicated that even the correlation is not 

strong, it is significant. It can be said that when the Both Correct scores increases, 

individuals’ certainty in their answers also tend to slightly increase.  

For these analyses, the correlation coefficient seems relatively low compared to the 

tests conducted with students in literature (Arslan et al., 2012; Kaltakci-Gurel et al., 

2017; Peşman & Eryılmaz, 2010). However, it would be good to remember that our 

sample group consists of teachers and science practitioners. The reason for this lower 

correlation may be that our samples’ characteristics. When we look at the data, it was 

observed that the level of certainty is generally quite high. Apart from this, it was 

also seen that the participants who received relatively low scores had also high levels 

of certainty. The scores of such participants can be said as another reason for the low 

correlation. In addition to that, considering the answers of the science practitioners 

and teachers separately, the correlation gets lower for science practitioners.  

The second statistics calculated was Cronbach reliability for indicating the internal 

consistency of the test. The Cronbach’s value was found to be when the answers of 

all three-tiers considered 0.742. Moreover, consistency was calculated also with 

considering the answers to first tier and first and second tier. Calculations of 

Cronbach reliability was 0.660, 0.729 and 0.742 respectively. These results indicated 

that the internal reliability coefficient of the test is at an acceptable level (Crocker & 

Algina, 1986; Kane, 1986) and that the items sufficiently serve to measure the 

intended construct. Thus, it can be said that the test is reliable in order to measure 

the teachers and science practitioners understanding of nature of science concepts.  

With calculation of Cronbach reliability, also calculating the item difficulties was 

important to address the validity of the test. Item difficulty referred to the percentage 

of the correct answers given by the respondents. Therefore, we can say that items 

with lower percentages have lower correct response rates, and items with higher 

percentages have higher correct response rates. When we look at the difficulty 

indices, in overall, mean difficulty indices of the test calculated as 0.57. Thus, it can 
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be said that the test can be considered as in a moderate difficulty level for teachers 

and science practitioners who answered it.  

                 

Figure 4.4 Reliability Statistics 

Also, it was important to see how the item difficulty indices ranged across each item. 

The item difficulties were calculated as follows for each item respectively: 

ITEM1:0.15, ITEM2:0.72, ITEM3:0.60, ITEM4:0.92, ITEM5:0.45, ITEM6:0.18, 

ITEM7:0.35, ITEM8:0.83, ITEM9:0.69, ITEM10:0.82, ITEM11:0.48, 

ITEM12:0.72. It can be seen that the difficulty indices ranged between 0.15 and 0.92. 

The test items are distributed across easy, difficult, and moderate difficulty levels. 

This distribution suggests that the test is balanced in a way that can distinguish 

individuals with different levels of knowledge. Moreover, how the difficulty indices 

changed as number of tiers added was also calculated. In three-stage test 

developments, a generally observed trend was that the difficulty indices decrease as 

tiers are added. Similarly, when the current test is examined, it is seen that the 

difficulty indices calculated for only the first tier is 0.68, the difficulty indices 

calculated for the first two tiers is 0.61, and for all three tiers is 0.57. Therefore, as 

the tiers increase, the difficulty indices tended to decrease, which showed that the 

correct answer rates decrease as the number of tiers increases. Also, it can be 

assumed that answering a multiple-choice question correctly have a higher 

probability than also giving the reason of that answer and be certain about the 

answers. Table 4.1 shows the difficulty indices of each item respectively. Descriptive 

statistics related showed that mean of the total scores (which refers to the mean of 

the total scores of called as Correct All Three earlier) is 6.89 out of 12. The mean 

also show that the difficulty of the test is moderate for our respondents who were 

teachers and science practitioners. 
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Table 4.1 Items and Difficulty Indices 

 

 

 

 

 

 

 

 

 

 

 

 

Another step to ensure the internal consistency thus the reliability of the study was 

to look at the point biserial correlation coefficients of the items. In order to claim 

that items functions properly for the test, the point biserial coefficients suggested to 

be more than 0.30 (Crocker & Algina, 1986). Point biserial coefficients which can 

be called also as discriminating power of items, calculated with investigating the 

correlation between the responses to test items (dichotomous) and total student 

scores as suggested (Beichner, 1994). The analyses revealed that the point biserial 

coefficients of the items ranged between 0.407 and 0.618 with a mean of 0.508 and 

all of the correlations were significant for p < 0.01. 2 items’ coefficient was found to 

be between 0.6-0.8, 4 items’ coefficient were between 0.5-0.6 while 6 of the items 

were between 0.4-0.5. Therefore, it can be said that all of the coefficients calculated 

is more than the desirable value, thus, all of the items functioned satisfactorily. In 

Item Number Difficulty Indices 

1 0.15 

2 0.72 

3 0.60 

4 0.92 

5 0.45 

6 0.18 

7 0.35 

8 0.83 

9 0.69 

10 0.82 

11 0.48 

12 0.72 

mean 0.57 
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this context, the analysis results indicate that none of the items needed to be removed 

from the test. Items’ point biserial correlation coefficients can be found in Table 4.2 

respectively. 

Table 4.2 Items and Point Biserial Correlation Coefficients 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to examining evidence related to the reliability and internal validity of 

the test, it was also necessary to seek evidence for content validity in. In current study 

for establishing content validity another way followed was to calculate percentages 

of false negatives and false positives as suggested (Hestenes & Halloun, 1995). It 

was suggested that the items would be answered by the participants correctly if the 

items are proper and clear enough. According to Hestenes and Halloun, 1995, if the 

probabilities of false negatives and false positives are minimized in the test, the test 

can be said as more valid. They also recommended that the percentages of false 

negatives and false positives would be less than 10%. Considering the suggestions, 

Item Number Point Biserial Correlation Coefficients 

1 0.437 

2 0.458 

3 0.618 

4 0.407 

5 0.603 

6 0.454 

7 0.543 

8 0.565 

9 0.585 

10 0.424 

11 0.557 

12 0.446 

mean 0.508 
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in current study percentages of false negatives and false positives were calculated by 

using Excel program. Results revealed that false negatives had a percentage of 7.25 

while false positives had a percentage of 5.09. Thus, it can be said that, both values 

were found to be under the desired percentage. These results also can be considered 

to evidence of content validity of the test. Another way to establish the validity of 

the test was to conduct a factor analyses. However, as mentioned before, the test did 

not intent to measure similar concepts in different questions. Thus, conducting a 

factor analysis would not be meaningful as evidence for validity. As expected, the 

attempt to conduct a factor analysis did not yield meaningful or reasonable factors.  
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CHAPTER 5  

5 DISCUSSION    

In this chapter conclusion and discussion will be made according to the results of the 

study. In first parts results related science practitioners’ descriptions of science will 

be discussed. Second discussion thorough in-service teachers’ descriptions will be 

given. Third a summary of validity and reliability results regarding Nature of Science 

Concept Test will be provided. 

5.1 Discussion Through Science Practitioners’ Descriptions of Science 

This part of the study explored science practitioners’ descriptions of science from 

different disciplines and how NOS is based on their own practices. Additionally, we 

compared these descriptions with available NOS frameworks in the literature. It was 

noticed that both disciplinary backgrounds and practical experiences of science 

practitioners have impact on their descriptions. As stated in the work of Schwartz 

(2012, p.185) science practitioners experience on science and science community 

were unique for each. Yet, observing biased or incorrect conceptualization in 

descriptions is a highlighted finding obtained in this study. Disciplinary patterns map 

onto or challenge existing NOS frameworks highlighting the value of cross-

disciplinary comparison for advancing NOS theorization. Practitioners from natural 

sciences tend to provide more elaborations about standard science doing processes. 

Taking together, the disciplinary perspectives seemed to play a significant role in 

shaping science practitioners’ NOS conceptualizations. Based on these analyses, it 

can be clarified that practitioners in the natural sciences tended to emphasize 

empirical control and objectivity more than other fields. Those from the social 

sciences were more attuned to interpretive, reflexive, and contextual aspects of 
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science. On the other hand, applied/pragmatic science practitioners, seemed often 

frame science in relation to problem-solving, utility, and technological outcomes. 

Science practitioners framed science as “knowledge production” emphasizing 

empirical practices like observation, inference, and experimentation rather than a 

result-oriented definition called as “body of knowledge”. This finding diverged from 

results of the of Bayir et al. (2015). Definitions of science made by practitioners in 

the present study included empirical activities such as inference, observation, 

experimentation, and data collection, these are consistent with previous studies (see: 

Peters-Burton et al., 2023; Wong & Hodson, 2009; Wu & Erduran, 2024). Although 

the method of science is said to be discipline specific (Dagher & Erduran, 2016), the 

process of doing science as a result basically converge on points such as observation, 

inference, and evidence (Abd-El-Khalick, et al., 1998).  

Findings showed that descriptions reflected both unity and diversity in how science 

is understood across disciplines. Divergence on descriptions of what science is and 

how it is practiced have been an already controversy topic addressed the literature 

(Dagher & Erduran, 2016; Irzik & Nola, 2011, 2014; Köseoğlu & Eren Şişman, 

2019; Lederman et al., 2002; Matthews, 2012; Sandoval, 2005; Wong & Hodson, 

2009, 2010). In our case particularly, some natural and pragmatic practitioners’ 

definitions didn’t comply with the nature of social sciences. It was realized that some 

of the practitioners had lack of knowledge about the nature of social sciences. It was 

observed that this lack of knowledge especially was related with the methodology 

used in social and human sciences. The main concern of these practitioners was about 

objectivity and consistency of knowledge produced from social sciences. So that they 

label these disciplines as nonscience because of validity and reliability issues. 

Although work of Bayir et al. (2015) did not question nature of social sciences, some 

scientists in their study also stated that social sciences were subjective, whereas 

natural sciences were objective. Some practitioners’ idea in this manner seemed to 

oppose to the idea that, all phenomenon that involve humans and their environment 

fall under the scope of science including the sociological, psychological, economic, 

cultural etc. fields (Bauer, 2001). Moreover, practitioners’ justification of why social 



 
 

129 

sciences cannot be considered as science, revealed that science practitioners had 

naïve thoughts about the subjectivity on science and tentative nature of scientific 

knowledge. However, the tentative nature of scientific knowledge and subjective 

elements on science were widely acknowledged by researchers in science education 

and the philosophy of science (Abd-El-Khalick et al., 1998; Dagher & Erduran, 

2016; Irzik & Nola, 2014; Wong & Hodson, 2009). In light of these findings, it can 

be concluded that even though individuals engage in scientific practice on a daily 

basis, they may still hold limited or biased conceptualizations of the nature of science 

(Bayir et al., 2014; Kimball, 1967) particularly in terms of recognizing its 

subjectivity, tentativeness, and interdisciplinary diversity. 

Practitioners often described the processes they go through in their science practices 

from a methodological point of view by talking about methods and techniques of 

what they do regardless of their disciplines. This was an expected outcome since they 

were describing what they do in their daily research practices. Participants constantly 

mentioned about the empirical structure of science and concepts such as inference, 

observation, data collection, and evidence with the key characteristics such as 

questioning, curiosity and skepticism. All these findings implied an acknowledgment 

among practitioners on science was a theory-laden and human-oriented endeavor. 

The descriptions were consistent with the studies conducted by Bayir et al. (2015) 

and Sandoval and Redman (2015).  

Another point was that almost all practitioners associated their scientific practices 

with articles, conferences, working groups. This aligns with the study of Wong & 

Hodson (2010), science practitioners interact socially, academically, and 

institutionally, contradicting the myth that science is an isolated endeavor (McComas 

et al., 1998). However, there were also opposite ideas to social and cultural 

embeddedness of science. Similarly, a few of the scientists in the study of Bayir et 

al. claimed that society and culture should not influence science. The results 

suggested that, although there are exceptions, most science practitioners displayed 

an understanding of the nature of science in which social and cultural factors are 

intertwined with scientific practices. Similar with literature (Bayir et al., 2015; Wu 
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& Erduran, 2022), most of our practitioners also linked science practices to their 

social and cultural backgrounds. On the other hand, some practitioners in the current 

study defended that science should be free from any subjectivity, thus cannot be 

affected by any factors as social, cultural or individual. Despite describing science 

as objective and unaffected by social, cultural and individual factors, practitioners 

mentioned the influence of economy, personal interests etc. Their conflicting 

viewpoints created the perception that these practitioners attributed the social, 

cultural, and personal influences in science were as factors that may reduce the 

objectivity of science. On the other hand, we can say that practitioners who hold 

these views failed to recognize that choosing research topics according to their 

interests or funding specific fields of study was a confirmation of the influence of 

internal and external factors on science. We can say that these science practitioners 

may not have fully informed views on the influence of social, cultural and individual 

factors on science. Based on these results, we can see that practitioners who took a 

positivist approach when rejecting subjective influences on science, have adopted a 

critical approach when discussing influences such as the tendency of funding certain 

fields in science. Similar with the study of   Glasson and Bentley (2000), it has been 

observed that practitioners exhibited mixed perspectives ranging from positivist to 

post-positivist approaches to science.  

Half of the participants reflected ethics which is also a major component of practice 

of science (Dagher & Erduran, 2016; Irzik & Nola, 2014) in their descriptions. In 

Wu and Erduran's (2022) study with scientists, most of the participants mentioned 

ethics in science according to their results; our results were different in this respect. 

The interview questions did not include a direct question about ethical values, norms 

in science, yet ethical considerations were highlighted particularly for the disciplines 

of studies involving human participants. The focus was on credibility of academic 

publications. Practitioners talked about the ethically inappropriate situations they 

have encountered, specifically about principles of ethics in some academic 

publication processes. Some practitioners claimed that due to the lack of ethical 

process in some publications, articles containing junk science, where data and results 



 
 

131 

were misused, have been published in journals. Similarly, Wong and Hodson's 

(2010) reported unethical actions of scientist related to making premature claims 

about their research topics, to get fund.  

Few of the participants mentioned that dissemination of junk science information in 

publications and media during COVID-19 pandemic damaged society's trust in 

scientists and scientific knowledge. Similarly, a study (Muğaloğlu et al., 2022) 

reported that, a portion of the society preferred to follow information from social 

media rather than scientific institutions such as World Health Organization and 

Coronavirus Scientific Board. The distrust in scientific endeavor within the society 

has been linked to the presence of misleading and biased information in the media 

(Iyengar & Massey, 2019). The same work also points out the importance of science 

communication in decreasing misinformation. Our practitioners also stated a gap 

between society and scientists, resulting in limited dissemination of their work.  

Practitioners think that they are not as intertwined with society as they should be.  

In summary, it can be concluded that science practitioners' definitions of science 

included both the cognitive-epistemic aspects of nature of science in terms of the 

themes represented and also, emphasized the social, cultural and institutional 

components of science. In this context, we can say that science practitioners' 

definitions of science are quite compatible with the FRA to NOS approach. 

Nevertheless, misinterpretations were observed in descriptions of social, natural, and 

applied/pragmatic fields. This might be due to lack of knowledge on ontological and 

epistemological assumptions of the fields. The findings are limited in terms of 

revealing the perceptions of NOS through the definitions of science from 14 different 

science practitioners. Although researchers tried to include diverse range of fields, 

practitioners of some other fields might have provided different results.  
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5.2 Discussion Through In-service Teachers’ Descriptions of Science 

Teachers’ descriptions of science gathered on three main and interrelated themes, 

science definitions, views on scientific practice and non-epistemic dimensions of 

science and its nature. Findings of the interviews of teachers revealed that their 

descriptions of science and reflections of nature of science were constructed by a 

complex interplay of their epistemological beliefs, personal experiences and 

disciplinary backgrounds. Similarly, we see that there are studies in the literature that 

associate these characteristics with understanding the nature of science (Özgür 

Dinçol & Temel, 2021; Hofer & Pintrich, 1997; Kim & Alghamdi, 2023; Kızkapan 

et al., 2023; McComas, 2004). 

Teachers, mostly related science with the characteristics of being trustworthy and 

evidence based. In parallel with this, teachers attributed characteristics such as 

“reliable” and “true” to scientific knowledge in their definitions. Although, we can 

say that these features are included as common in definitions of teachers, when 

looked at in general, we cannot see that teachers' definitions of science are united in 

a single definition. These results coincide with the findings of Arı (2010). Although 

teachers frequently emphasized science as a source of “true” and absolute 

knowledge, they simultaneously demonstrated an awareness of its tentative nature, 

recognizing that scientific understanding remains open to revision in light of new 

evidence or perspectives. These results showed that teachers view shape on with 

epistemological eclecticism because teachers’ ideas both included positivist and 

post-positivist understanding of science. It can be said that these results are 

consistent with literature (Irez, 2006). We can say that the teachers had sophisticated 

views on the epistemic aspects of the nature of science. Also, in the study of 

Kızkapan et al. (2023), teachers demonstrated sophisticated views on NOS.  

Another issue was with the definition of participant teachers was the concept of 

objectivity and subjectivity on science. In this regard it can be said that teachers had 

naïve or partial understanding of such a key concept of science and its nature. Except 

for the physics teacher, the participants tended to describe science as an endeavor 
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entirely independent of internal and external factors, despite making statements that 

acknowledged the presence of subjective elements in science. About the 

objectivity/subjectivity discussion, it is an interesting result that, history teacher 

(having roots from social science domain), was persistent on the absolute objectivity 

of scientific knowledge despite recognizing that backgrounds and cultures of science 

practitioners may influence science. These teachers’ ideas reflected a commonly held 

biased knowledge which is the subjectivity merely related with interpretation step in 

science, and nothing to with the formulation of the study or generation of knowledge 

itself (Lederman et al., 2002).  

Generally, it can be said that descriptions of teachers, align with positivist 

understanding of science. Objectivity characteristic seemed to play an important role 

in descriptions of science. Especially biology and physics teachers’ definition of 

science seem to not align with the nature of social sciences. This disciplinary bias 

was particularly strong among teachers who had completed graduate studies in 

educational sciences, paradoxically leading to greater skepticism toward the 

scientific status of social sciences. These statements can be considered the most 

striking finding of this part of the study. In the teachers’ minds, the main reason for 

attributing a lack of scientific status to the educational sciences was the belief that 

they do not produce reliable knowledge, as they are perceived to lack objectivity. In 

this context, it can be said that teachers’ definitions of science and its nature are 

influenced by their experiences and disciplinary backgrounds (Özgür Dinçol & 

Temel, 2021; Kızkapan et al., 2023). Considering that understanding regarding the 

nature of science influences classroom teaching (Ferreira & Custodio, 2023; 

Schwartz, 2002), it can be inferred that teachers are likely reflecting their current 

definitions of science also in their classroom practices.  

While three of the teachers’ descriptions (biology, chemistry, history) on the method 

of scientific practice held informed and holistic views, physics teacher’s definition 

was more reflected through the “myth of scientific method”. It can be said that 

teachers understanding on scientific method both included naïve and informed views 
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and this result also consistent with the results of the study conducted with teachers 

from science and non-science branches (Azninda et al., 2021).  

Another result indicated that, teachers in this study acknowledged various external 

factors that influence scientific research, including economic limitations, political 

constraints, and cultural contexts. Although these influences were sometimes 

perceived as obstacles to the objectivity of scientific process, their recognition 

indicates a level of awareness about the broader non-epistemic dimensions of 

science. This is consistent with the findings of Erduran et al. (2020). The recognition 

by teachers of the effects of political and economic factors on science reflects a 

strong awareness of the social dimension of the nature of science (Amador-

Rodríguez et al., 2023; Erduran & Dagher, 2014), which contrasts with the weaker 

views expressed by teachers in Azninda et al.’s study (2021).  

In summary, this part of the study highlighted the complexity and diversity of 

teachers’ conceptions of science and NOS. It underscores the importance of 

addressing epistemological eclecticism and disciplinary biases in teacher education 

programs (Schofield et al., 2023), particularly to support more coherent and inclusive 

understandings of science that integrate both its epistemic and social dimensions 

(Azninda et al., 2021). Considering that teachers’ understanding of NOS may affect 

their class teachings (Ferreira & Custodio, 2023; Schwartz, 2002), future efforts in 

science teacher education should emphasize reflective, interdisciplinary, and 

contextualized approaches to the NOS to enhance teachers' instructional practices 

and ultimately, students' scientific literacy. 

5.3 Conclusion Through the Statistics Results of the Nature of Science 

Concepts Test 

For this part of the study, the aim was to develop a valid and reliable instrument 

aiming to investigate the concepts of science practitioners and teachers on nature of 

science. In this part of the study, both from literature and interviews with science 
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practitioners and teachers played an important role. It should be noted that making 

inference from the results of the test was not a concern for this part of the study. It 

was important to develop the test concerning the validity and reliability. Several 

analyses conducted in order to ensure the validity and reliability. Evidences for 

validity can be summarized as follows:  

1) A significant but weak correlation was found between Correct Both and 

Certainty scores (r = .277, p < .01), suggesting a slight relationship between 

answer correctness to first two tiers and confidence. 

2) False negative (7.25%) and false positive (5.09%) rates were both below the 

10% threshold, supporting the content validity of the test. 

3) Factor analysis was attempted but not results were not meaningful due to the 

nature of the test, which was not designed to measure latent constructs across 

items. 

Evidences for reliability can be summarized as follows: 

1) Cronbach’s alpha = 0.74, indicating acceptable internal consistency. 

2) The mean item difficulty index was 0.57, indicating moderate difficulty 

overall. 

3) Difficulty decreased with the addition of tiers: 0.68 (Tier 1), 0.61 (Tier 1+2), 

0.57 (all three tiers). 

4) Point biserial correlations ranged from 0.407 to 0.618 (mean = 0.508), all 

exceeding the acceptable threshold of 0.30, suggesting good item 

discrimination. 

 

The results demonstrated that test could be evaluated as valid and reliable 

investigating existing concepts of nature of science among science practitioners and 

teachers from various fields.  
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5.4 Implications for Education Researchers 

Although studies on students, teachers, and scientists specific to NOS have been also 

carried out, the context gather around the natural sciences mainly (e.g. Buber & 

Coban, 2023; Peters-Burton et al., 2023; Wu & Erduran, 2024). Considering that 

science and its nature is holistic, we recommend further studies with science 

practitioners, students, and teachers from social sciences and humanities and also 

engineering fields. Although this study is context-specific and does not propose to 

generalize its outcomes, we suggest further investigations about practitioners’ lack 

of knowledge. Furthermore, we have noticed that the nature of social sciences or 

applied sciences requires more examinations for theorization or evolution of NOS 

concepts. Developing a framework covering all the same and different aspects 

becomes important for a holistic perspective on understanding NOS across fields. 

This study showed teachers’ perceptions of science influenced by disciplinary and 

backgrounds and epistemic beliefs. Since teachers’ definitions of science likely 

shape how they teach it, more research is needed on the alignment between teachers’ 

NOS beliefs and their pedagogical choices, especially across different scientific 

domains. 

5.5 Implications for Higher Education Institutions & Research Centers 

Practitioners had generally emphasized the fundamental features of the NOS, 

including its empirical, human-centered, complex, and socially embedded 

characteristics. Science practitioners hold biased perceptions on NOS especially 

about scientific methods that they do not employ. Developing a comprehensive 

understanding of NOS will foster practitioners’ teaching and research practices with 

more accurate orientations. The study verifies that practitioner’s knowledge of nature 

of science is more aligned with their field’s trends rather than their knowledge on 

abstract issues in philosophy of science. 



 
 

137 

 To sum up, despite Carl Sagan’ statement, science practitioners’ perceptions of 

science based on practices and background is limited to reflect their way of thinking 

about what science is. Developing a more comprehensive and integrated 

understanding of NOS may support practitioners in refining their teaching and 

research practices with more accurate and inclusive orientations. In this context, the 

creation of a holistic NOS framework that accounts for both shared and discipline-

specific elements become important. Such a framework could be disseminated 

through interdisciplinary scientific journals, and practitioners could be encouraged 

to engage with related reflective tools, such as NOS quizzes, when submitting or 

reviewing scholarly work. This suggestion may contribute to more holistic 

conceptualization of NOS across disciplines. We recommend more interdisciplinary 

interactions between science practitioners among social, natural and applied science 

fields. Institutions may create environments where practitioners can share their 

research results with colleagues and public, so that it may result in a higher level of 

scientific literacy. Science communication between scientists and society, as well as 

scientist and scientist, has potential to improve publics and practitioners’ perspective 

on sciences. 

5.6 Implications for Teachers 

Results of the study showed that teachers from different fields see science as a 

“reliable” knowledge, also acknowledging the tentative and changeable 

characteristic of scientific knowledge. Teachers had some naïve views on the 

objectivity/subjectivity issue on science. These results showed that teachers’ 

disciplinary point of views and personal experiences influenced their descriptions of 

science. Considering that these naïve views about the nature of science can also 

affect teachers' classroom practices, interdisciplinary and inquiry-based approaches 

that address the epistemic and social dimensions of science in a balanced way should 

be included in in-service teacher training. In this way, it will be possible for teachers 
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to develop a more holistic understanding of the nature of science and to increase 

students' scientific literacy. 

5.7 Implications for Science Communicators 

Science practitioners’ statements about a gap between science and society can also 

be evaluated as reflection of culture, policy, and beliefs systems., In order to close 

this gap contribution of science communicators may play an important role. 

Environments can be provided where researchers can share their findings not only 

with colleagues from other fields but also with the broader public. Such efforts can 

help bridge the gap between science and society, ultimately enhancing scientific 

literacy. Lastly, improved science communication, both among scientists and 

between scientists and the public, has the potential to strengthen how science is 

perceived and understood by all stakeholders. 
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APPENDICES 

A. Interview Protocol 

1.What, in your opinion, is science, and how can it be defined? 

2.Could you describe the process you are involved in when conducting your research 

practices from start to finish? 

3.In the current circumstances, what influences your work, and what factors do you 

consider when making decisions regarding the research you will undertake? 

4.As a practitioner, could you also mention about the constraints and challenges you 

have encountered during your research endeavors? 

5.What are your thoughts on the role of social and cultural values in influencing your 

research as a practitioner? 

6.As a practitioner, could you discuss the process of how the dissemination of your 

research has evolved within institution? What are the current or prospective 

initiatives you are involved in or plan to be part of in this regard? 

7.As a practitioner, could you discuss the process of how the dissemination of your 

research has evolved within society? What are the current or prospective initiatives 

you are involved in or plan to be part of in this regard? 

8.As a practitioner, what are your thoughts on the contemporary societal perspective 

on science? How do you believe practitioners can influence this perspective, and 

what impact can they have on the way society views science? 

9.How do you, through your own practice and words, define scientific knowledge? 

In your opinion, what should be the characteristics of scientific knowledge?
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C.  Alternative Concepts and Alternative Sets 

Alternatif Kavramlar ve Alternatif Setler 

Alternatif Kavramlar Alternatif Setler 
M1. Bilim insanının objektif ve sübjektif olma durumu disipline göre 
değişir. 

1.1.c,1.2.a,1.3.a 

M2. Bilim insanları bilimsel süreçte baştan sona tamamen objektiftir. 1.1.b,1.2.b,1.3.a 

M3. Gözlem ve çıkarım aynı kavramdır. 2.1.b,2.2.d,2.3.a 

M4. Gözlem ve çıkarım doğrudan görülüp ölçülen verilerdir. 2.1.a, 2.2.c,2.3.a 

M5. Gözlem ve çıkarım tamamen nesnel ve önyargıdan arınmış 
bilimsel aktivitelerdir. 

2.1.c,2.2.a,2.3.a 

M6. Bilim objektiftir sosyo-kültürel faktörlerden etkilenmez. 3.1.b,3.2.a,3.3.a 

M7. Bilime sosyo-kültürel faktörlerin etkisi sosyal ve beşerî 
bilimlere özgü etkilerdir. 

3.1.b,3.2.c,3.3.a 

M8. Toplumun ihtiyaçları bilime etki etmez. 3.1.b,3.2.d,3.3.a 

M9. Farklı bilim insanları tarafından doğrulanırsa bilgi değişmezdir. 4.1.b,4.2.a,4.3.a 

M10. Bilimsel yöntem mutlak ve değişmez bilgiye ulaşma yoludur. 4.1.b,4.2.c,4.3.a 

M11. Bilimsel yöntem sabit adımlar takip eden standart bir süreçtir. 5.1.a,5.2.a,5.3.a 

M12. Tek bir bilimsel yöntem vardır. 5.1.a,5.2.d,5.3.a 

M13.Deneysel yöntem kesin ve mutlak sonuca ulaştırır. 5.1.c,5.2.c,5.3.a 

M14. Teoriler yeterince kanıtlanırsa yasaya dönüşür. 6.1.a,6.2.a,6.3.a 

M15.Teoriler ve yasalar kesin ve değişemez bilgilerdir. 6.1.b,6.2.c,6.3.a 
M16.Yasalar teorilerden daha güvenilir bilgilerdir. 6.1.a,6.2.d,6.3.a 

M17. Modeller deneylerle doğrulanmadan bilimsel bilgi sayılamaz. 7.1.a,7.2.d,7.3.a 

M18. Bilimsel modeller, gerçeğin birebir temsilidir. 7.1.b.,7.2.b,7.3.a 

M19. Teoriler ve kanunlar bilimsel bilginin çeşitlerdir (verilere 
dayanır), ancak modeller bilimsel değildir. 

7.1.b,7.2.a,7.3.a 

M20.Bilim insanları toplumdan izole şekilde ve yalnız çalışır. 8.1.a,8.2.d,8.3.a 

M21.Bilim toplumdan bağımsızdır. 8.1.c,8.2.a,8.3.a 

M22. Bilim iletişimi sadece bilim insanları arasındadır. 8.1.c,8.2.b,8.3.a 

M23.Etik kurallar sadece insan ve hayvan denek içeren 
araştırmalarda gereklidir. 

9.1.b,9.2.a,9.3.a 

M24.Etik kurallar sadece sosyal ve beşerî bilimler için önemlidir. 9.1.a,9.2.c,9.3.a 

M25.Doğa ve mühendislik bilimlerinde etik ihlal yaratabilecek 
durumlar oluşmaz. 

9.1.a,9.2.b,9.3.a 

M26.Sosyal bilimler bilimsel bilgi üretmez çünkü bilimsel yöntem 
kullanmaz. 

10.1.a,10.2.b,10.3.a 

M27.Sadece doğa ve mühendislik bilimleri bilimsel yönteme dayalı 
güvenilir bilgi üretir. 

10.1.c,10.2.c,10.3.a 

M28.Bilim evrensel olarak her zaman yararlı ve dış faktörlerden 
bağımsızdır. 

11.1.a,11.2.a,11.3.a 

M29.Bilimde canlılar için oluşabilecek olumsuz sonuçlar teknoloji 
kaynaklıdır. 

11.1.a,11.2.b,11.3.a 

M30.Bilim, siyaset veya ekonomi gibi dış faktörlerden bağımsız 
olarak işler.  

12.1.a,12.2.a,12.3.a 

M31.Sadece uygulamalı ve doğa bilimleri dış faktörlerden etkilenir. 12.1.c,12.2.b,12.3.a 

M32.Bilimsel araştırmalar sadece bilim insanlarının merakları 
doğrultusunda ilerler. 

12.1.a,12.2.c,12.3.a 
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D. Consent Form for Respondents 

Değerli Katılımcı, 

Bu çalışma, bilim hakkındaki görüşlerinizi ortaya çıkarmayı amaçlayan bir 

araştırmadır ve Ceren Soysal'ın doktora tezi kapsamında yürütülmektedir. 

Katılımınız, alandaki bilgi birikimine önemli bir katkı sağlayacaktır. 

Lütfen aşağıdaki bilgileri eksiksiz yanıtlayınız. Sorular yaklaşık 15-20 dakikanızı 

alacaktır. Bu bilgiler yalnızca araştırma amacıyla kullanılacak ve isimsiz olarak 

değerlendirilecektir.  

Sorularınız için bize adresi üzerinden ulaşabilirsiniz. 

Katılımınız için şimdiden teşekkür ederiz, 

Araştırma Ekibi 

Aşağıda 12 soru bulunmaktadır. Her soruda 3 aşama yer almaktadır: 

1.İlk aşamada, size en uygun gelen seçeneği işaretleyiniz. 

2.İkinci aşamada, seçtiğiniz cevabın nedenini sorgulayan bir soru yer almaktadır. 

Burada size en uygun açıklamayı seçebilir veya seçenekler arasında vermek 

istediğiniz cevaba uygun bir seçenek yoksa son şıkta boşluk bırakılan kısma 

açıklama olarak kendi cevabınızı ekleyebilirsiniz.  

3.Üçüncü aşamada ise ilk iki soruya verdiğiniz cevaplardan emin olup olmadığınızı 

işaretlemelisiniz. 

Lütfen her soruyu dikkatlice okuyarak kendinize en yakın gelen yanıtları seçiniz. 

Yukarıdaki bilgileri okudum ve bu araştırmaya tamamen gönüllü olarak katılıyorum. 
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E. Nature of Science Concept Test 

Bilimin Doğası Kavram Testi 

1.1. Bilimsel araştırma süreci ile ilgili aşağıdakilerden hangisi doğrudur?  

a. Bilimsel süreçte öznellik kaçınılmaz olmakla birlikte nesnelliği sağlayan 

mekanizmalar vardır.  

b. Bilim insanları, bilimsel araştırma sürecinin her aşamasında tamamen nesnel 

davranır.  

c. Farklı disiplinlerdeki bilim insanları için bilimin nesnel veya öznel olma durumu 

değişebilir.  

 

1.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Doğa bilimleri araştırmalarında süreç tamamen nesnelken, sosyal bilim 

araştırmalarında özneldir.  

b. Bilim insanları araştırma başlangıcından, sonuna kadar önyargıdan uzak ve 

tarafsız olmalıdırlar.  

c. Bilim insanlarının disiplinel inançları, geçmiş bilgileri, deneyimleri bilimsel 

çalışmalarını etkiler.  

d. ………………………………………………………………………………….. 

 

1.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz? 

a. Evet 

b. Hayır 

 



 
 

158 

2.1. Bilimsel süreçte gözlem ve çıkarım ile ilgili aşağıdaki ifadelerden hangisi 

doğrudur?  

a. Gözlem ve çıkarım doğrudan görülüp ölçülen verilerdir. 

b. Gözlem ve çıkarım benzer kavramları ifade ederler. 

c. Gözlem ve çıkarım nesneldir ve önyargıdan arınıktır. 

d. Gözlem veri toplamayı, çıkarım yorumlamayı gerektirir.  

 

2.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Gözlem ve çıkarım yapılırken tarafsız olunması gerekmektedir.  

b. Gözlemler çeşitli yollarla toplanan veriler; çıkarımlar verilere dayalı yorumlardır.  

c. Gözlemler ve çıkarımlar bilim insanlarının doğrudan gördükleri ve ölçtükleri 

verilerdir.  

d. Gözlem ve çıkarımların her ikisi de akıl yürütme süreci içermektedirler.  

e……………………………………………………………………………………… 

 

2.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

 

3.1. Aşağıdaki seçeneklerden hangisinin doğru olduğunu düşünüyorsunuz? 

a. Bilim sosyokültürel faktörlerden etkilenir. 

b. Bilim sosyokültürel faktörlerden etkilenmez.  
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3.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Bilim nesnel olduğu için insan ve toplum gibi sosyokültürel faktörlerden 

bağımsızdır.  

b. Araştırmacıların ilgi alanları ve toplumun ihtiyaçları, bilimsel çalışmalarını 

yönlendirir.  

c. Sosyokültürel faktörler yalnızca sosyal ve beşerî bilim araştırmalarında etkilidir.  

d. Toplumsal ihtiyaçların bilimsel araştırmalar üzerinde etkisi yoktur. 

e… …………………………………………………………………………… 

 

3.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz? 

a. Evet  

b. Hayır  

4.1. Aşağıdakilerden hangisi doğrudur?  

a. Bilimsel bilgi zamanla değişime ve gelişime açıktır.  

b. Bilimsel bilgi mutlaktır ve zamanla değişmez. 

4.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Farklı bilim insanları tarafından veri ve delillerle desteklenmişse, bilimsel bilgi, 

kesin ve değişmezdir.  

b. Bilimsel bilgi, mevcut en güncel veri ve delillere dayanır, yeni veriler ve farklı 

bakış açılarıyla değişebilir.  

c. Bilimsel yöntem ile elde edilen bilgi mutlak doğrudur ve değişmez.  

d……………………………………………………………………………………… 
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4.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet 

 b. Hayır  

5.1. Aşağıdaki ifadelerden hangisi, bilimsel yöntemlerle ile ilgili doğru bir 

ifadedir?  

a. Bilimsel yöntem değişmez ve art arda gelen adımları olan tek bir prosedürü takip 

eder.  

b. Bilimsel yöntem standart adımlardan oluşmaz, adımlar değişebilir. 

c. Bilimsel çalışmalar, deneysel süreçlere dayanan bilimsel yöntemler 

kullanmalıdır.  

 

5.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir? 

a. Bilimsel bilgi ancak hipotez oluşturmak ile başlayıp deneyler ile devam eden 

standart bilimsel yöntem ile doğrulanabilir.  

b. Bilimsel yöntem farklı araştırma alanlarına ve süreçlerine bağlı olarak farklı 

adımlarla yürütülebilir.  

c. Bilimsel araştırmalarda deneysel yöntem kullanırsa daima kesin ve doğru sonuca 

ulaşılır.  

d. Tüm bilim alanları için aynı adımları takip eden tek bir bilimsel yöntem vardır.  

e. ………………………………………………………………………………… 

5.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

 



 
 

161 

6.1. Verilen ifadelerden hangisi bilimsel teori ve bilimsel yasa arasındaki ilişkiyi 

en iyi şekilde tanımlar?  

a. Teoriler zamanla bilimsel yasaya dönüşen bilimsel bilgilerdir. 

b. Hem teoriler hem yasalar kesin ve değişemez bilimsel bilgilerdir.  

c. Teoriler ve yasalar birbirine dönüşemeyen farklı bilgi türleridir.  

 

6.2.Yukarıdaki cevabınız için açıklamanız nedir? 

a. Bilim insanları tarafından yeterince kanıtlanırsa bilimsel teoriler zamanla yasalara 

dönüşür.  

b.Yasalar belirli koşullar altında gözlemlenen düzenlilikleri tanımlarken, teoriler 

bunları açıklar, ilişkilendirir, önermelerde bulunur.  

c. Yasalar ve teoriler çeşitli bilim insanları tarafından doğruluğu kanıtlanmış 

değişmez bilgilerdir.  

d. Bilimsel yasalar, teoriler ile kıyaslandığında daha güvenilir bilimsel bilgilerdir.  

e.…………………………………………………………………………………… 

 

6.3 Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

 

7.1. Aşağıdakilerden hangisi bilimsel modeller ile ilgili doğrudur?  

a. Modeller zamanla bilimsel bilgiye dönüşür. 

b. Teoriler ve yasaların aksine modeller bilimsel bilgi değildir.  

c. Modeller bilimsel bilgi çeşitleri arasındadır.  
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7.2. Yukardaki cevabınız için açıklamanız nedir?  

a. Modeller verilere dayanmayan tahmin ve görsel temsillerdir. 

b. Modeller bilgi değil, gerçek dünyayı birebir temsil eden araçlardır. 

c. Modeller, bilimsel olguların görselleştirilmesinde kullanılır ve verilere dayanır.  

d. Modeller ancak deneylerle desteklendiklerinde bilimsel bilgi olurlar. 

e. ……………………………………………………………………………… 

7.3 Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

8.1. Bilimsel çalışmalar ve bilim iletişimi hakkında aşağıdaki ifadelerden 

hangisi doğrudur?  

a. Bilimsel çalışmalar bireyseldir ve toplumdan bağımsız bir uğraştır. 

b. Bilimsel çalışmalar, iş birliği, disiplinler arası etkileşim ve toplumla iletişimi 

içerir.  

c. Bilim iletişimi bilim insanları arasında gerçekleşir ve toplumu kapsamaz.  

8.2. Yukardaki cevabınız için açıklamanız nedir?  

a. Bilim iletişimi yalnızca bilim insanları arasında yapılır, çünkü toplumu 

bilgilendirmek bilim insanlarının sorumluluğunda değildir.  

b. Bilim iletişimi sadece teknik bilgiler içerdiği için topluma yayılma gerekliliği 

yoktur.  

c. Bilim iletişimi, bilim ve toplum arasındaki bağı güçlendirmek ve toplumun 

bilimsel süreçlere katılımını sağlamak için gereklidir.  

d. Bilim insanları araştırmalarını genellikle toplumdan izole şekilde ve tek başına 

çalışarak yürütürler.  

e. …………………………………………………………………………………… 
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8.3 Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

9.1. Bilimsel araştırmalarda etik unsuru ile ilgili aşağıdakilerden hangisi 

doğrudur?  

a. Etik kurallar sosyal bilimlerde yürütülen araştırmalar için önemlidir, ancak doğa 

ve mühendislik bilimlerinde önemli değildir.  

b. Etik kurallar yalnızca insan ve hayvanların denek olduğu araştırmalarda gereklidir.  

c. Bilimsel bilgi üretimi araştırmacıların etik değerlerinden etkilenmektedir.  

9.2. Yukarıdaki cevabınız için açıklamanız nedir?  

a. Etik kurallara uyulmaması, canlılara zarar verme riski olan çalışmaların dışındaki 

alanlarda bilimsel süreci etkilemez.  

b. Deneysel süreçlerin ön planda olduğu doğa ve mühendislik bilimlerinde etik 

kurallar gerekli değildir.  

c. Sosyal ve beşerî bilimlerde araştırmacılar taraflı olabileceğinden etik kurallar 

sadece bu alanlarda önemlidir.  

d. Etik kurallar güvenilir ve tarafsız bilgiye ulaşılmasını amaçladığı için bilimsel 

bilgi üretiminde gereklidir.  

e. ……………………………………………………………………… 

 

9.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  
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10.1. Doğa bilimleri ve sosyal bilimler gibi farklı disiplinlerin bilimsel bilgi 

üretimi ile  ilgili aşağıdakilerden hangisi doğrudur?  

a. Sosyal ve beşerî bilimler güvenilir bilimsel bilgi üretmezler. 

b. Tüm disiplinler bilimsel yöntemler kullanarak bilimsel bilgi üretirler. 

 c. Sadece doğa ve mühendislik bilimleri güvenilir bilimsel bilgi üretirler.  

 

10.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Tüm disiplinler, metodolojik farklılıklara rağmen bilimsel bilgi üretmek için 

veriye dayalı (ampirik) ve teorik yaklaşımlar kullanır.  

b. Sosyal ve beşerî bilimler, kişisel görüşlere dayalı bilimsel olmayan yöntemler 

kullandığı için ürettiği bilgi bilimsel kabul edilmez.  

c. Doğa ve mühendislik bilimleri, ampirik temellere dayanan bilimsel yöntemi 

kullandıkları için güvenilir bilgi üretir.  

d………………………………………………………………………………… 

 

10.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz? 

a. Evet  

b. Hayır  

 

 

11.1. Bilimsel bilgi ve teknoloji evrensel olarak daima faydalı mıdır?  

a. Evet 

 b. Hayır  
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11.2. Yukarıdaki cevabınız için açıklamanız nedir?  

a. Bilim daima toplumların ve bireylerin yararını gözeten, dış faktörlerden bağımsız 

bir faaliyettir.  

b. Bilim sadece bilgi üretir, bu nedenle olumsuz sonuçlar yalnızca teknolojik 

uygulamalardan kaynaklanabilir.  

c. Bilim ve teknoloji, politik etkiler sonucu baskı ve sömürü aracı haline gelebilir.  

d. …………………………………………………………………………………… 

 

 

11.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz?  

a. Evet  

b. Hayır  

 

 

 

12.1. Politik ve ekonomik faktörler ile bilim arasında nasıl bir ilişki vardır?  

a. Bilimsel araştırmalar politik ve ekonomik etkilerden tamamen bağımsızdır.  

b. Politik ve ekonomik faktörlerin bilimsel araştırmalar üzerinde etkisi vardır.  

c. Politik ve ekonomik faktörler sadece doğa ve uygulamalı bilimleri etkiler, sosyal 

bilim araştırmaları üzerinde etkisi yoktur.  
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12.2. Yukarıdaki soruya verdiğiniz cevap için açıklamanız nedir?  

a. Bilim nesnel bir çabadır, ekonomi ve politika gibi dış etkenlerin bilimsel bilgi 

üretimine etkisi yoktur.  

b. Politik ve ekonomik faktörler yalnızca maliyetli ekipman kullanımı gerektiren 

doğa ve mühendislik alanlarında etkilidir.  

c. Bilimsel araştırmalar tamamen bilim insanlarının merakına bağlı olarak şekillenir, 

dış etkenler bilimsel süreçleri etkilemez.  

d. Politik ve ekonomik faktörler fonların kullanılabilirliğini belirler, araştırma 

önceliklerini yönlendirir ve bazen akademik özgürlüğü sınırlar.  

e. …………………………………………………………………………………… 

 

12.3. Önceki iki soruya verdiğiniz cevaplardan emin misiniz? 

a. Evet  

b. Hayır  
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