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ABSTRACT 

 

 

DEVELOPMENT OF PRE -SERVICE CHEMISTRY TEACHERSô 

PEDAGOGICAL CONTENT KNOWLEDGE FOR NATURE OF SCIENC E: 

AN INTERVENTION STUDY  

 

 

Demirdºĵen, Bet¿l 

Ph.D., Department of Secondary Science and Mathematics Education 

Supervisor: Assoc. Prof. Dr. Esen Uzuntiryaki Kondak­ē 

Co-Supervisor: Prof. Dr. Fitnat Kºseoĵlu 

 

November, 2012, 368 pages 

 

The purpose of this study was to delve into the complexities of development 

of preservice chemistry teachersô science teaching orientation, knowledge of learner, 

knowledge of instructional strategies, and knowledge of assessment during 

Pedagogical Content Knowledge (PCK) for Nature of Science (NOS) instruction. 

Thirty pre-service chemistry teachers enrolled Research in Science Education course 

participated to the study. Case study, one of the qualitative research methods, was 

used as research design. PCK for NOS instruction spanned two semester weeks 

including learning NOS, explicit-reflective, and learning how to teach NOS, 

addressed four PCK components, parts. This study only involved the collection of 

qualitative data sources including responses given to an open ended instrument, 

interviews, observations, and documents such as lesson plans and reflection papers. 

In-depth analysis of explicit PCK and constant comparative method were used as 

data analysis methods. Results revealed that most of the pre-service chemistry 

teachers had naive and transitional views about NOS. However, they had informed 

view after explicit-reflective NOS instruction. Although all participants developed 

PCK for NOS in some extent and nevertheless the participantsô PCK for NOS were 

different from each other in terms of both the degree of integration among the 



 

 

 

v 

components and the degree to which these components and connections manifest 

themselves in their lesson plans and reflection papers. Moreover, there was no clear 

relationship between the participantsô NOS understandings and their PCK for NOS 

whereas most of them attempted to teach NOS aspects that they had informed views.  

 

 

Keywords: Pedagogical Content Knowledge, Nature of Science, Science Teacher 

Education, Case Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

vi 

¥Z 

 

 

KĶMYA ¥ĴRETMEN ADAYLARININ BĶLĶMĶN DOĴASI KONUSUNDA 

PEDAGOJĶK ALAN BĶLGĶLERĶNĶN GELĶķĶMĶ: BĶR UYGULAMA 

¢ALIķMASI  

 

 

Demirdºĵen, Bet¿l 

Doktora, Orta ¥ĵretim Fen ve Matematik Alanlarē Eĵitimi Bºl¿m¿ 

Tez Yºneticisi: Do­. Dr. Esen Uzuntiryaki Kondak­ē 

Ortak Tez Yºneticisi: Prof. Dr. Fitnat Kºseoĵlu 

 

Kasēm, 2012, 368 sayfa 

 

Bu ­alēĸmanēn amacē bilimin doĵasē i­in pedagojik alan bilgisi (PAB) ºĵretim 

s¿recinde kimya ºĵretmen adaylarēnēn fen ºĵretimi ama­larēnē, ºĵrenci anlayēĸlarē ile 

ilgili bilgilerini, ºĵretim stratejileri bilgilerini ve deĵerlendirme bilgilerinin 

geliĸimini incelemektir.  Kimya ¥ĵretiminde Araĸtērmalar dersini almakta olan 30 

kimya ºĵretmen adayē ­alēĸmaya katēlmēĸtēr. Nitel araĸtērma metodlarēndan biri olan 

durum ­alēĸmasē araĸtērma desenini oluĸturmuĸtur. Bilimin doĵasēnē ºĵrenme ve 

bilimin doĵasēnē nasēl ºĵreteceĵini ºĵrenme bºl¿mlerinden oluĸan bilimin doĵasē 

i­in PAB ºĵretim s¿reci iki ºĵretim dºnemi boyunca s¿rm¿ĸt¿r. ¢alēĸmanēn veri 

kaynaklarēnē a­ēk-u­lu sorulara verilen cevaplar, gºr¿ĸmeler, gºzlemler ve ders 

planlarē oluĸturmuĸtur.  Verilerin analizinde derinelemesine PAB ve s¿rekli 

kaĸēlaĸtērmalē veri analiz yºntemleri olarak kullanēlmēĸtēr. ¢alēĸmanēn sonu­larē 

bilimin doĵasē ºĵretiminden ºnce kimya ºĵretmen adaylarēnēn bilimin doĵasē ile 

ilgili  ­eĸitli yanlēĸ inanēĸlara sahip olduklarēnē ve a­ēk-d¿ĸ¿nd¿r¿c¿ yaklaĸēmla 

y¿r¿t¿len bilimin doĵasē ºĵretiminden sonra bu inanēĸlarēn yerini yeterli anlayēĸlara 

bēraktēĵēnē gºstermiĸtir. Ayrēca, ºĵretmen adaylarēnēn t¿m¿ belirli bir d¿zeyde 

bilimin doĵasē i­in PAB bilgisine sahip olmakla birlikte PAB bileĸenleri arasēnda ne 

derece baĵlantē kurduklarē ve bu bileĸenleri ve baĵlantēlarē ders planlarēna ve 



 

 

 

vii  

yansētma yazēlarēna ne derece aktardēklarē bakēmēndan farklēlēk gºstermiĸleridir. 

Daha da ºnemlisi, ºĵretmen adaylarēnēn bilimin doĵasē anlayēĸlarē ve PABôlarē 

arasēnda a­ēk bir iliĸki bulunmamēĸtēr. Bununla birlikte, kimya ºĵretmen adaylarē 

yeterli anlayēĸa sahip olduklarē bilimin doĵasē boyutlarēnē ºĵretmeyi tercih 

etmiĸlerdir.  

 

 

Anahtar Kelimeler: Pedagojik Alan Bilgisi, Bilimin Doĵasē, Fen ¥ĵretmen Eĵitimi, 

¥rnek Olay ¢alēĸmasē 
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CHAPTER I  

 

 

INTRODUCTION  

 

 

 

ñWhy do medical doctors change their ideas and disagree with eachothers?ò 

Seyhan, A housewife lady, Personal communication [15.12.2011] 

This was the reaction of Seyhan to the dispute among medical doctors on 

whether individuals with high cholesterol level in their blood should take medication 

or not. On a TV programme, some of the medical doctors were advocating the 

inefficacy of medication against cholesterol while some others were strongly 

recommending medication to the patients with high cholesterol level. She was 

surprised and could not able to realize why scientists changed their minds and did not 

reach a consensus. On the other hand, I was not shocked as much as she was. Why 

did we differ in terms of our reactions? The answer was lying under the difference of 

our understanding about what science is and how it works, that is nature of science 

(NOS). I, as an individual with adequate understanding of NOS, was aware of 

tentativeness of scientific knowledge and the role of subjectivity in science and 

therefore, understand the underlying reasons for the change in scientistsô ideas and 

dispute among them.  This knowledge on NOS puts me on a higher position than 

Seyhan in terms of our scientific literacy (SL) levels.  

SL has been a slogan among science educators and set as an important goal 

for science education community by reform documents (American Association for 

the Advancement of Science [AAAS], 1993; National Research Council [NRC], 

1996) and curriculums in different countires such as Turkey, Britain, Netherlands, 

North America, Canada, Australia, and South Africa (Dillon, 2009). Why it is 

important to achieve SL and how this contributes to individual and society are 

another important points that need consideration. Several researchers provided 

various arguments for this issue. For instance, DeBoer (2000), in his analysis of 

historical and contemporary meanings of SL, stated that SL defines what the public 
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should know about science in order to live more effectively in the natural world instead 

of identifying what individuals should learn about science to be prepared for their 

science and technology related careers. On the other hand, Laugksch (2000) grouped the 

arguments for promoting SL as macro and micro view. The macro view includes the 

benefits to the nation, science, or society. According to macro view, only nations whose 

citizens have an appropriate level SL will be able to fulfill the need for scientists, 

engineers, and technically trained personnel required for foundation of research. 

Moreover, these research programs directly influence the nationôs competing on 

international markets and in turn wealth. Also, higher levels of SL results in greater 

support for science since the more the public understands about the objectives, 

processes, and capabilities of science, the less the public will have unrealistic 

expectations and this will not result in loss of confidence in science and withdrawal of 

support. On the other hand, micro view deals with the benefits of SL to individual. Micro 

view suggests that improved understanding of science and technology is advantageous to 

an individual living in a science and technology dominated society. Personal decisions 

(e.g., diet, smoking, and vaccination), demarcation of science from other disciplines for 

being skeptical about pseudo-science (e.g., astrology), and employment for jobs 

requiring understandings and skills of science and technology are three context where 

individuals can benefit from SL.  

After providing arguments for why SL is important and since this goal shapes 

the science education, first of all, one should clearly define what SL is. SL is defined 

as ñéthe knowledge and understanding of scientific concepts and processes required 

for personal decision making, participation in civic and cultural affairs, and 

economic productivityò (NRC, 1996, p. 22). 

Besides the definition of SL, the characteristics of a scientifically literate 

person were listed by NRC document as; 

 Ask, find, or determine answer to questions from curiosity about everyday 

experiences, 

 Be able to read with understanding articles about science in the popular press 

and to engage in social conversation about the validity of the conclusions, 

 Be able to evaluate the quality of scientific information on the basis of its 

source and the methods used to generate it, 
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 Has the capacity to pose and evaluate arguments based on evidence and to 

apply conclusions from such arguments appropriately. 

In addition, DeBoer (2000) provided a long list for characteristics of a 

scientifically literate person. Some of these caharacteristics are as; differentiating 

theory from dogma; understanding how  scientific research is done and  findings are 

validated; using knowledge of science where appropriate in making decisions, 

creating judgments, resolving problems, and taking action; distinguishing science 

from pseudo-science such as astrology; recognizing that science concepts, laws, and 

theories are tentative; and discriminating evidence from propaganda, fact from 

fiction, sense from nonsense, and knowledge from opinion. 

Although there are several definitions of SL and lists of the characteristics for 

a scientifically literate individual, there are some agreed upon ingredients of SL as 

understanding of basic science concepts, NOS, and science-technology-society (STS) 

relationship (Bauer, 1995; Layton et al., 1994; Shamos, 1995). In this sense, 

educating for SL not only involves teaching science concepts but also teaching about 

the NOS (Eichinger, Abell, & Dagher, 1997). Therefore, NOS has been the focus of 

attention in science education circles as a primary component of SL (Bell & 

Lederman, 2003).  

In line with the  science education reform movements around the world and in 

Turkey, Elementary Science and Technology Education Program determined itsô 

vision as ñall students, regardless of individual and cultural differences, should 

develop scientific and technological literacyò (Ministry of National Education 

[MoNE], 2000, p. 9). Moreover, having an adequate understanding about how 

science itself works has been the focus of Secondary Chemistry Education Program 

(MoNE, 2007, p. 9). The program emphasized that students should not only acquire 

knowledge and skills of chemistry but also should use scientific methods through 

internalizing the method itself and gain attitudes, values, and habits seemly to 

scientists. As NOS has come to be prominence as a component of SL, what the 

science education community means by NOS should be clearly articulated. 

According to McComas, Clough, and Almazroa (1998) NOS is;  

...a fertile hybrid arena which blends aspects of various social studies of 

science including the history, sociology, and philosophy of science combined 
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with research from the cognitive sciences such as psychology into a rich 

description of what science is, how it works, how scientists operate as a social 

group and how society itself both directs and reacts to scientific endeavors (p. 

4). 

Despite what should students learn about NOS has been an important 

questions among science educators, there is a remarkable consensus on fundamental 

NOS elements to be communicated to pre-college students (McComas & Olson, 

1998; Osborne, Collins, Ratcliffe, Millar, & Duschl, 2003; Smith, Lederman, Bell, 

McComas, & Clough (1997). The aspects which are accessible to Kï12 students and 

constitute contemporary views of NOS are: scientific knowledge is tentative; 

empirical; theory-laden; partly the product of human inference, imagination, and 

creativity; and socially and culturally embedded. Three additional important aspects 

are the distinction between observation and inference, the lack of a universal method 

for doing science, and the functions of and relationships between scientific theories 

and laws (Lederman, 2007). 

There is a growing body of research on identifying studentsô views of NOS in 

several levels of education, from primary school level to university level and by 

using different instruments.  One of the earlier studies to determine the studentsô 

conceptions about NOS was conducted by Wilson in 1954 (as cited in Lederman, 

1992). This study was primarily an attempt to validate the Science Attitude 

Questionnaire. Results indicated that students believed that scientific knowledge was 

absolute and scientistsô primary goal was to uncover natural laws and truths. After 

the work of Wilson, there have been several attemps to reveal studentsô conceptions 

in different levels of education. Lederman (1992) was the first who reviewed the 

studies conducted between 1954-1991 in order to clarify what has been learned about 

NOS by students and teachers. He concluded that students did not have informed 

understanding of NOS irrespective from the instruments used to assess 

understandings. After 1990s, researchers continued investigating studentsô 

conceptions of NOS. The majority of these studies focusing on elementary school 

(Kang, Scharman & Noh, 2005), middle school (Songer & Linn, 1991), high school 

(Moss, Abrams, & Robb, 2001), and college levels (Ryder & Leach, 1999) showed 

that students in all levels had naive conceptions regarding NOS.  In Turkey, there 
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have been increasing number of studies conducted using different instruments on 

views of NOS with elementary students (Ak­ay, 2011; ¢elikdemir, 2006; ¢etinkaya, 

Sarēaydēn, K¿t¿k­¿, & Ak­ay, 2010; ¥zdem, ¢avaĸ, ¢avasĚ ¢akēroĵlu, & Ertepēnar, 

2010; ¥zkal, Tekkaya, Sungur, ¢akēroĵlu, & ¢akēroĵlu, 2011) and secondary 

students (Ak­ay, 2011; Bektaĸ & Geban, 2010; Doĵan & Abd- El- Khalick, 2008; 

Doĵan Bora, Arslan, & ¢akēroĵlu, 2006; Kēlē­, Sungur, ¢akēroĵlu, & Tekkaya, 2005; 

ķahin & Kºksal, 2010). In general, these studies indicated that regardless of the 

grade level and gender relatively low number of the elementary and high school 

students had adeqaute views on the some aspects of the NOS.  

Attempts to increase studentsô indequate understanding of NOS, mostly, use 

one of the two approaches that are implicit and explicit to NOS instruction. Abd-El-

Khalick and Lederman (2000) differentiated between implicit and explicit 

approaches to NOS instruction. In implicit NOS instruction, students engage in 

science-based activities, but NOS issues are not particularly addressed. It is assumed 

that students can learn the NOS by doing science. Explicit instruction provides 

extensive opportunities for students to reflect on their understandings of the NOS and 

how the readings, lectures, or other learning activities impact their understandings.  

The weight of the available evidence from numerous studies that employed either of 

the approaches favors explicit-reflective NOS instruction over implicit one for 

developing NOS understanding (Abd-El-Khalick & Lederman, 2000). 

Who is responsible for studentsô inadequate understandings about NOS? 

Teachers are the most influential factor in classroom learning and even well-designed 

NOS instruction that is incompatible with the teachersô views about science may be 

ineffective (McComas et al., 1998). Research has consistently shown that teachersô 

views are not compatible with the contemporary conceptions of NOS (Abd-El- 

Khalick, Bell, & Lederman, 1998; Akerson, Buzzelli, & Donnelly, 2008; Brown,  

Luft,  Roehrig, & Kern, 2006; Doĵan, 2005;  Liang, Chen, Chen, Kaya, Adams, 

Macklin, & Ebenezer, 2008; Liu & Lederman, 2007; Lederman, 1992; Thye & 

Kwen; 2003; Yakmaci, 1998; Yalvac & Crawford, 2002; Yalva­, Tekkaya, 

¢akēroĵlu, & Kahyaoĵlu, 2007) and therefore teachers have difficulty with teaching 

an appropriate view to students (Abell & Smith, 1994; Akerson, Abd-El- Khalick, & 

Lederman, 2000; Lederman, 1992).  
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Assuming that there is a clear-cut relationship between teachersô 

understanding of NOS and translation of their NOS understanding into classroom 

practice, science educators made several attempts for teaching NOS to both pre-

service and in-service teachers (Abd-El-Khalick & Lederman, 2000b; Akerson et al., 

2000; Doĵan, ¢akēroĵlu, ¢avuĸ, Bilican, Arslan, 2011; Lin & Chen, 2002; 

McDonald, 2010; Morgil, Temel, G¿ngºr, & Ural Alĸan, 2009). Although these 

efforts was found to be effective in enhancing teachersô NOS understanding, research 

on the transformation of teachersô conceptions into classroom practice indicated that 

teachersô conceptions of NOS can be thought of as a necessary but not sufficient 

condition for effective NOS instruction. There are numerous factors explaining what 

impede teachersô direct translation of their NOS understandings into their classroom 

teaching: beliefs and intentions (Abd-El-Khalick et al., 1998; Bell, Lederman, & 

Abd-El-Khalick, 2000; Lederman, 1999; Lederman, Schwartz, Abd-El-Khalick, & 

Bell, 2001; Schwartz & Lederman, 2002), pedagogical skills and teaching experience 

(Abd-El-Khalick et al., 1998; Brickhouse & Bodner, 1992; Lederman, 1999; 

Lederman et al., 2001); classroom management and organization (Abd-El-Khalick et 

al., 1998; Bell et al., 2000; Hodson, 1993; Lederman, 1995; Lederman, 1999); 

knowledge of subject matter (Lederman et al., 2001); pressure to cover content (Abd-

El-Khalick et al., 1998; Hodson, 1993); concern about not being able to spend 

enough time for teaching basic knowledge of science because of the time allocated 

for NOS teaching (Lederman, 1999); concerns about students' abilities and 

motivation for learning NOS (Abd-El-Khalick et al., 1998; Brickhouse & Bodner, 

1992; Lederman, 1999); institutional constraints (Brickhouse & Bodner, 1992); 

constraints imposed by cooperating teachers, in the case of pre-service teachers 

(Abd-El-Khalick et al., 1998; Bell et al., 2000), and context where teaching occurs 

(Akerson, Cullen, & Hanson, 2009).  In addition to these factors, studies provided 

evidence for other factors which are specific to teaching NOS directly such as NOS 

teaching self-efficacy, NOS content knowledge, lack of resources and experience for 

teaching and/or assessing understandings of the NOS, and subject-specific 

pedagogical knowledge for teaching NOS (Abd-El-Khalick et al., 1998; Akerson et 

al., 2009; Bell et al., 2000; Lederman, 1999; Lederman et al., 2001). 
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Subject-specific knowledge for teaching is called as pedagogical content 

knowledge (PCK) and when it is applied to NOS, subject specific knowledge for 

teaching NOS becomes PCK for NOS. PCK for NOS has been stressed as crucial for 

ensuring teachersô translation of their contemporary NOS understandings into 

successful NOS classroom instruction (Abd-El-Khalick & Lederman, 2000a; 

Hanuscin, Lee, Akerson, 2011; Lederman et al., 2001; Schwartz & Lederman, 2002). 

How could science educators help teachers in developing their PCK for NOS? An 

important solution for this problem is that providing teachers with the opportunities 

for studying the subject matter such as NOS from a teaching perspective (van Driel, 

Verloop, & de Vos, 1998). Studying NOS from a teaching perspective leaves science 

educators with a difficult task of involving teachers in activities stimulating their 

PCK for NOS. 

PCK is a specialized professional knowledge unique to teachers and it 

discriminates a science teacher from a scientist (NRC, 1996). Shulman is the first to 

conceptualize PCK. He delineated it as the knowledge ñwhich goes beyond 

knowledge of subject matter per se to the dimension of subject-matter knowledge for 

teachingò and he continues ñthe most regularly taught topics in one's subject area, the 

most useful forms of representation of those ideas, the most powerful analogies, 

illustrations, examples, explanations, and demonstrations-in a word, the ways of 

representing and formulating the subject that make it comprehensible to othersò 

(Shulman, 1986, p. 9). PCK is topic-specific and science teachers have different PCK 

for different topics in science. Considering NOS as a topic in science (Lederman, 

1998) entails a specific conceptualization for PCK for NOS. When PCK is applied 

NOS teaching, PCK for NOS include 

é an adequate understanding of various aspects of NOS, knowledge of a 

wide range of related examples, activities, illustrations, explanations, 

demonstrations, and historical episodes. These components would enable the 

teacher to organize, represent, and present the topic for instruction in a 

manner that makes target aspects of NOS accessible to precollege students. 

Moreover, knowledge of alternative ways of representing aspects of NOS 

would enable the teacher to adapt those aspects to the diverse interests and 

abilities of learners (Abd-El-Khalick & Lederman, 2000a, p. 692). 
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In other words, PCK for NOS is the knowledge of a science teacher that 

makes NOS aspects understandable and accessible to different groups of students. 

PCK for NOS was also defined by Schwartz and Lederman (2002) as a blending of 

subject-matter knowledge, NOS knowledge, and pedagogical knowledge. In another 

study, Kim, Ko, Lederman, and Lederman (2005) extended that model in terms of 

subject matter knowledge, relevant knowledge of the scientific concept, such as the 

history of its development and its empirical grounds. In addition, they asserted that 

NOS-specific pedagogical knowledge includes knowledge of the difference between 

an implicit and an explicit approach and between a didactic and an explicit and 

reflective approach. 

Hanuscin et al. (2011) and Hanuscin and Hian (2009) adapted Magnusson, 

Krajcik, and Borkoôs (1999) PCK for science teaching model and used that model as 

a lens for research on nature and development of teachersô PCK for NOS. They 

focused on science teachersô science teaching orientation (STO), knowledge of 

learners (KoL), knowledge of instructional strategies (KoIS), knowledge of 

curriculum (KoC), and knowledge of assessment (KoA) from the perspective of 

NOS.  Both studies indicated the applicability of Magnusson et al.ôs (1999) model as 

a lens for research on PCK for NOS and uneven development of teachersô PCK for 

NOS. That is, change in KoIS was not accompanied by the changes in KoA. These 

studies suggested that professional development efforts could be enhanced by 

focusing on improving all aspects of teachersô PCK for NOS, rather than focusing 

solely on particular aspects. Different than abovementioned studies, several studies 

focused on the effect of interventions on teachersô ability to teach NOS (Akerson & 

Abd-El-Khalick, 2003; Akerson &Volrich, 2006). They examined whether teachers 

successfully translated their NOS understanding into classroom practice without 

using any PCK for NOS framework. Results of these studies indicated that 

interventions were effective in helping teachers to teach several NOS aspects in their 

classes in some extend. However, both studies clearly suggested a professional 

development support specific for NOS and PCK for NOS.  

Consequently, there is an increasing emphasis for the necessity of 

professional development that should enable teachers to develop and revise existing 

materials rather than simply to use the results of othersô work (Schwartz & 
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Lederman, 2002) and enhance teachersô PCK for NOS with regard to all dimensions 

(e.g., instructional strategies, learner, assessment, curriculum) for effective NOS 

instruction  (Akerson & Abd-El-Khalick, 2003; Akerson &Volrich, 2006; Hanuscin 

& Hian, 2009; Hanuscin et al., 2011). Moreover, there are few studies using a 

particular framework for examining the nature and development of PCK for NOS 

(e.g., Hanuscin et al., 2011; Hanuscin & Hian, 2009) and it is clear that teachersô 

PCK for NOS is an area of research that needs to be investigated (Lederman et al., 

2001).  

 

1.1. Purpose of the Study 

 

The purpose of this study was to trace the development of pre-service 

chemistry teachersô pedagogical content knowledge for nature of science with regard 

to their science teaching orientation, knowledge of learner, knowledge of 

instructional strategy, and knowledge of assessment during pedagogical content 

knowledge for nature of science instruction.  

 

1.2. Research Questions 

 

The main research question of the study is: 

How does pre-service chemistry teachersô PCK for NOS including STO, 

KoL, KoIS, and KoA develop throughout PCK for NOS instruction? 

The sub-problems of this study are: 

1. What kinds of views do the preservice chemistry teachers have on the nature 

of science concepts before explicit-reflective NOS instruction? 

2. What kinds of views do the preservice chemistry teachers have on the nature 

of science concepts after explicit-reflective NOS instruction? 

3. Which components of PCK for NOS do pre-service chemistry teachers 

develop throughout PCK for NOS instruction? 

4. How and to what degree do pre-service chemistry teachers integrate the 

components of their PCK for NOS?  
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5. How and to what degree dopre-service chemistry teachers translate PCK 

components into their lesson plans? 

6. How are pre-service chemistry teachers' NOS understanding and their PCK 

for NOS related? 

7. Which PCK model (general PCK, discipline-specific PCK, or topic specific 

PCK) best explains the nature of PCK for NOS? 

 

1.3. Definitions of Important Terms 

 

 NOS: NOS refers to the epistemology and sociology of science, science as a 

way of knowing, or the values and beliefs inherent to scientific knowledge and itsô 

development (Lederman, 1992). NOS not only conveys an understanding on 

scientific processes including the studies of scientists but also products of science 

(Meichtry, 1993). 

Understanding of NOS: An understanding of NOS includes the answers given 

to the questions of ñWhat is science?ò, ñHow it works?ò, ñHow scientists as a social 

group work?ò, and ñHow society directs science and reacts to scientific endeavor?" 

(McComas & Olson, 1998). Studentsô NOS understandings convey their conceptions 

on agreed upon NOS aspects accessible to pre-college students (AAAS, 1993; 

McComas & Olson, 1998; NRC, 1996); scientific knowledge is tentative; empirical; 

theory-laden; partly the product of human inference, imagination, and creativity; and 

socially and culturally embedded. Three additional important aspects are the 

distinction between observation and inference, the lack of a universal method for 

doing science, and the functions of and relationships between scientific theories and 

laws.  

 PCK for NOS:  PCK for NOS include 

é an adequate understanding of various aspects of NOS, knowledge of a 

wide range of related examples, activities, illustrations, explanations, 

demonstrations, and historical episodes. These components would enable the 

teacher to organize, represent, and present the topic for instruction in a 

manner that makes target aspects of NOS accessible to precollege students. 

Moreover, knowledge of alternative ways of representing aspects of NOS 
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would enable the teacher to adapt those aspects to the diverse interests and 

abilities of learners (Abd-El-Khalick & Lederman, 2000a, p. 692). 

PCK for NOS instruction: Magnusson et al.ôs (1999) PCK model formed the 

basis of PCK for NOS instruction. PCK for NOS instruction mainly consisted of two 

parts. In the first part, pre-service teachers learned about NOS (spanned one and half 

semester) in an explicit reflective manner. Following the learning NOS part, in the 

second part (spanned four weeks corresponds to 16 course hours), pre-service 

chemistry teachers engaged in activities designed to enhance four main dimensions 

of their PCK considering Magnusson et al.ô model which are STO, KoL, KoIS, and 

KoA. 

STO: Science teaching orientation is defined as ñteachersô knowledge and 

beliefs about the purposes and goals for teaching science at a particular grade levelò 

(Magnusson et al., 1999, p. 97). 

KoL: KOL is the knowledge and beliefs about students' understanding of 

specific science topics (requirements for learning specific science concepts, and areas 

of science that students find difficult including misconceptions) (Magnusson et al., 

1999). 

KoIS: KoIS is the teachersô knowledge of strategies and representations for 

teaching particular topics (Magnusson et al., 1999). This knowledge comprises of 

two categories: knowledge of subject-specific strategies, and knowledge of topic 

specific strategies. The subject-specific strategies are broadly applicable; they are 

specific to teaching science as opposed to other subjects. The topic-specific strategies 

are much narrower in scope; they apply to teaching particular topics within a domain 

of science. 

KoA: KoA comprises two categories as knowledge of the dimensions of 

science learning that are important to assess, and knowledge of the methods by 

which learning can be assessed (Magnusson et al., 1999). 

Explicit-reflective NOS instruction: This approach intentionally draws 

learnersô attention to aspects of NOS through discussion, guided reflection, and 

specific questioning in the context of activities, investigations, and historical 

examples. 
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1.4. Significance of the Study 

 

This study fulfills several gaps in literature on examining and facilitating 

teachersô translation of their NOS understandings into effective NOS teaching and 

addresses several issues in science teacher education. 

Studies showed that even when science teachers have informed 

understandings of NOS, they generally do not explicitly teach NOS, or may do so 

through didactic approaches which are ineffective (Schwartz & Lederman, 2002). 

This finding indicates the necessity of efforts not only to increase teachersô NOS 

understandings but also to help them in how to effectively teach NOS to their 

students. Moreover, studies examining factors affecting teachersô translation of their 

NOS understandings into effective classroom instruction revealed the importance of 

teachersô beliefs in significance of NOS learning and intentions for teaching NOS 

(Abd-El-Khalick et al., 1998; Bell et al., 2000; Lederman, 1999; Lederman et al., 

2001; Schwartz & Lederman, 2002) and there is a lack of research on providing 

guidance for how to develop teachersô valuing of NOS (Lederman, 2007). In this 

study, the PCK for NOS instruction intends to accomplish the task of helping science 

teachers in considering NOS as one of the important science learning outcomes since 

it guides teachers to reflect and revise their STO in a way to consider NOS. Also, the 

instruction supports teachers in designing effective NOS teaching.  

 Although PCK for NOS has been advocated as one of the crucial factors that 

facilitate teachersô successful translation of their NOS understanding into classroom 

teaching (Abd-El-Khalick et al., 1998; Akerson et al., 2009; Bell et al., 2000; 

Lederman, 1999; Lederman et al., 2001), teacher educators have been less successful 

in helping teachers enhance their PCK for NOS (Hanuscin & Hian, 2009). For 

enhancing teachersô PCK for NOS, providing teachers with a series of activities will 

not be adequate (Ochanji, 2003). There is a obvious call for professional 

development that should enable teachers to develop their own materials (Schwartz & 

Lederman, 2002) and enhance teachersô PCK for NOS with regard to all dimensions 

to be considered for affective NOS instruction (e.g., instructional strategies, learner, 

assessment, curriculum) (Akerson & Abd-El-Khalick, 2003; Akerson &Volrich, 

2006; Hanuscin & Hian, 2009; Hanuscin et al., 2011). This study including a PCK 
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for NOS instruction may lead to science teacher educators for designing effective 

professional development programs for science teachers. 

In terms of the issues of research on NOS teaching, it has been emphasized 

that the development and especially nature of teachersô PCK for NOS is an area of 

research that should be examined deeply (Lederman et al., 2001). ñVirtually no 

research has used the PCK perspective, which was so heavily researched during the 

1990s, as a lens for research on the teaching of NOSò (Lederman, 2007, p. 870). The 

number of studies using the PCK framework for the research on teaching NOS is 

relatively low (Faikhamta, 2012; Hanuscin et al., 2011; Hanuscin & Hian, 2009). 

This study will contribute to research on NOS teaching by utilzing a particular PCK 

framework (Magnusson et al., 1999). The PCK for NOS (Magnusson et. al., 1999) 

framework utilized in this study may provide a deeper understanding of why teachers 

may fail to enact particular practices. Another point that needs consideration is that 

there is a need to examine the interplay between various components of teachersô 

PCK for NOS (Hanuscin et al., 2011) and investigation of how PCK components 

interact with each other is highly recommended (Abell, 2008). This study regarded 

the interaction among the PCK components and hence was able to evaluate the 

quality of pre-service chemistry teachersô PCK for NOS since the quality depends on 

degree of integration and coherence among itsô components (Friedrichsen et al, 2009; 

Magnusson et al., 1999; Park & Oliver, 2008a). The results of this study will 

contribute to not only research on PCK but also on PCK for NOS. Also, comparing 

and contrasting nature of PCK and PCK for NOS will shed light on nature of PCK 

for NOS. There have been several models for PCK as general PCK (Veal & 

MaKinster, 1999), topic specific (Lederman, 1998), and discipline specific (Davis & 

Krajcik, 2005). Which one of these models can fully capture the essence of teachersô 

translation of their NOS understanding into classroom? This study will delve into the 

complexities on nature of PCK for NOS and add to research on both PCK and PCK 

for NOS. 
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CHAPTER II  

 

 

LITERATURE REVIEW  

 

 

 

The purpose of this study was to delve into the complexities of pre-service 

chemistry teachersô STO, KoL, KoIS, and KoA development during PCK for NOS 

instruction. Therefore, literature on what NOS is, teachersô understanding of NOS, 

factors affecting teachersô translation of their NOS understanding into class, PCK, 

and finally PCK for NOS will be reviewed in this chapter. 

 

2.1. Nature of Science 

 

Having an adequate understanding about NOS has been identified as vital in 

science education reform and an essential part that contributes to studentsô SL 

(AAAS, 1993; Bauer, 1995; Layton et al., 1994; NRC, 1996; Shamos, 1995). 

Therefore, what is meant by NOS and to what extend students should learn NOS has 

been an issue to be resolved among philosophers of science and science educators. 

Although they were not able to reach a clear-cut definition of NOS accepted by all 

interested in NOS (Abd-El-Khalick & Lederman, 2000a), there are some agreed 

ideas on the NOS aspects that should be communicated to K-12 students for 

achieving SL. Thus, first of all, I will present and discuss various ideas on NOS and 

then explain what constitutes NOS in this study. 

Typically, NOS refers to the epistemology and sociology of science, science 

as a way of knowing, or the values and beliefs inherent to scientific knowledge and 

itsô development (Lederman, 1992). NOS not only includes an understanding on 

nature of scientific knowledge but also scientific enterprise (Meichtry, 1993). One of 

the earlier studies for clarifying what is meant by NOS was conducted by Kimball 

(1968). Kimball, in his extensive study of the literature on the nature and philosophy 
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of science, proposed a theoretical model of the NOS focusing on eight aspects of 

science:  

(1) curiosity is the fundamental driving force in science and science concerns 

with production of new knowledge; (2) science is a dynamic rather than a 

static accumulation of information; (3) science aims at comprehensiveness 

and simplification emphasizing mathematical language as the most precise 

and simplest means of stating relationships; (4) there are many methods of 

science as there are practitioners; (5) the methods of science are characterized 

by attitudes which are more in the realm of values than techniques such as 

dependence upon sense experience, insistence on operational definitions, 

recognition of the arbitrariness of definitions, schemes of classification, and 

evaluation of scientific work in terms of reproducibility; (6) a basic 

characteristic of science is a faith in the susceptibility of the physical universe 

to human ordering and understanding; (7) science has a unique attribute of 

openness in mind and in the realm of investigation; and (8) tentativeness and 

uncertainty mark all of science. Nothing is ever completely proven in science 

(p. 275).  

After the work of Kimball (1968), Rubba and Anderson (1978) defined a 

model called A Model of the Nature of Scientific Knowledge. This model included 

six factors explaining the nature and characteristics of scientific knowledge. 

According to this model scientific knowledge is amoral (it cannot be judged as 

morally good or bad), creative (it is partially a product of human creativity), 

developmental (it is tentative), parsimonious (it attempts to achieve simplicity of 

explanation instead of complexity), testable (it is capable of empirical test), and 

lastly unified (the specialized sciences contribute to an interrelated network of laws, 

theories, and concepts). Approximately 10 years after Rubba and Anderson (1978), 

AAAS (1989) defined NOS focusing on SL as an essential for individuals living in a 

scientifically literate society and introduced three main themes for NOS as; 

1. The scientific world view: The world is understandable, scientific ideas are 

subject to change, scientific knowledge is durable, and science cannot 

provide complete answers to all questions. 
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2. Scientific inquiry: Science demands evidence, science is a blend of logic 

and imagination, science explains and predicts, scientists try to identify 

and avoid bias, and science is not authoritarian. 

3. The scientific enterprise: Science is a complex social activity, science is 

organized into content disciplines and is conducted in various institutions, 

there are generally accepted ethical principles in the conduct of science, 

and scientists participate in public affairs both as specialists and as 

citizens. 

Studies beginning with Kimball and the subsequent ones drove a debate on 

teaching and learning about the NOS among researchers, resulting in a growth in the 

related literature. For example, Alters (1997) examined NOS views of 210 science 

philosophers with a doctoral degree who were the members of the Philosophy of 

Science Association (PSA) by using an instrument including 20 items. The first 15 

items of this instrument were directed towards identifying the degree to which 

science philosophers agreed with the NOS tenets. These tenets were: 1. The 

fundamental driving force in science is curiosity concerning the physical universe, 2. 

Science aims at ever-increasing comprehensiveness and simplifications using 

mathematics as a simple, precise method of stating relationships, 3. The methods of 

science are better characterized by some value-type attributes than by techniques. 

Item 16 asked the participants to add or delete one of the NOS tenets. Remaining 

three items were related to how science philosophers viewed and defined science. 

Results revealed that science philosophers varied on their views about the tenets. 

Alters (1997) concluded that ñéthere is no one agreed-on philosophical position 

underpinning the existing NOS in science educationò (p. 48) and therefore, science 

educators should employ a pluralistic approach by which students have the 

opportunity to interpret science from different philosophical positions (e.g., 

empiricism or radical constructivism).  

As a response to Altersô (1997) study, Smith, Lederman, Bell,  McComas, 

and  Clough (1997) expressed their concerns related to this study and strongly 

disagreed with its conclusion for several reasons. Firstly, Smith et al. (1997) stated 

that there were problems with the selection and wording of items and more 

importantly with the interpretations of the survey data.  They admitted that there was 
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substantial divergence among science philosophersô views regarding the contribution 

of philosophies to science (e.g., priorism and conventionalism); however, to them, 

much of this disagreement was not relevant to Kï12 education. Smith and colleagues 

recommended that Kï12 teachers should ignore Altersô study and concluded that 

ñétoo much is being made of disagreements concerning the NOS tenets are esoteric, 

inaccessible, and probably inappropriate for most Kï12 instructionò (p. 1102). 

Another opponent view to Altersô study, especially to its pluralistic approach, 

was proposed by Smith and Scharmann (1999). They advocated that instead of 

learning the various philosophical viewpoints about science, students need a sound 

understanding of NOS which help them in making informed decisions in order to be 

rationale consumers of scientific knowledge. Smith and Scharmann (1999) proposed 

that students should learn and judge the characteristics that qualify something more 

or less scientific. They identified the following characteristics; 

 Science is empirical.  

 Scientific claims are testable / falsifiable.  

 Scientific tests or observations are repeatable. 

 Science is tentative / fallible.  

 Science is self-correcting.  

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

power.  

 Science values predictive power.  

 Science values fecundity 

 Science values open-mindedness.  

 Science values parsimony.  

 Scientists demand logical coherence in their explanations.  

 Scientists value skepticism.  

What should be taught to K-12 students has been an issue of concerns among 

science educators. As a solution to this issue, McComas and Olson (1998) 

qualitatively analyzed science education standards documents. The analysis revealed 

that there was an evidence for the contribution of four disciplines to our 

understanding of science, namely philosophy, history, sociology, and psychology of 
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science. Table 1 displays how each discipline contributes to science by responding 

appropriate questions about science. 

 

Table 1. Contribution of various disciplines to our knowledge on science 

 

Philosophy of science What is science? How is it done? What is the nature of 

scientific knowledge? 

History of science How is science perceived by the society and operated 

during the history? 

Psychology of science What are the characteristics of scientists? 

Sociology of science Who are scientists? How do scientists work? 

  

 

In addition to the contribution of different fields to science, analysis of 

standards documents indicated that that there was a consensus about the following 

elements of the NOS that should be communicated to students (McComas & Olson, 

1998);  

 Scientific knowledge while durable, has a tentative character. 

 Scientific knowledge relies heavily, but not entirely, on observation, 

experimental evidence, rational arguments, and skepticism. 

 There is no one way to do science (therefore, there is no universal step-by-

step scientific method). 

 Science is an attempt to explain natural phenomena. 

 Laws and theories serve different roles in science; therefore students should 

note that theories do not become laws even with additional evidence. 

 People from all cultures contribute to science. 

 New knowledge must be reported clearly and openly. 

 Scientists require accurate record keeping, peer review and replicability. 

 Observations are theory-laden. 

 Scientists are creative. 

 The history of science reveals both an evolutionary and revolutionary 

character. 

 Science is part of social and cultural traditions. 

 Science and technology impact each other. 
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 Scientific ideas are affected by their social and historical milieu. 

After the work of McComas and Olson (1998), Osborne and his colleagues 

(2003) conducted a study using Delphi technique in order to determine what should 

be communicated to students about NOS with the participation of 23 individuals 

including international experts of science educators; scientists; historians, 

philosophers, and sociologists of science; experts engaged in work to improve the 

public understanding of science; and science teachers. Osborne et al. (2003) in the 

first round of their three-round study searched for the participantsô opinions on the 

following questions: (a) What, if anything, do you think should be taught about the 

methods of science? (b) What, if anything, do you think should be taught about the 

nature of scientific knowledge? and (c) What, if anything, do you think should be 

taught about the institutions and social practices of science? In the second round, 

participants rated and justified the importance of each 30 themes, emerged in the first 

round, in terms of school science curriculum. In the third and final round, they 

deduced the number of themes and came up with the following nine themes, reaching 

a considerable level of agreement: 

 Science and Certainty 

 Analysis and Interpretation of Data 

 Scientific Method and Critical Testing 

 Hypothesis and Prediction 

 Creativity 

 Science and Questioning 

 Cooperation and collaboration in the development of scientific knowledge 

 Science and Technology 

 Historical Development of Scientific Knowledge 

 Diversity of Scientific Thinking 

In a recent study, Irzēk and Nola (2011) proposed a family resemblance 

approach in order to portray a deep understanding of NOS for the science educators. 

ñThe basic idea of a family resemblance definition turns on the fact that the members 

of a family can each resemble one another in some respects but not in othersò (p. 

594). When applied to science, Irzēk and Nola (2011) stated that there were 

characteristics common to all sciences but they cannot be used for demarcation. 
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Rather, they advocated that family resemblance approach describes the ways in 

which the sciences are similar or dissimilar. The following categories give a 

description of NOS using family resemblance approach and provide the aspects that 

should be considered when comparing different disciplines in science: (1) activities, 

(2) aims and values, (3) methodologies and methodological rules, and (4) products. 

Irzēk and Nola (2011) advocated that this approach was more powerful than the 

others presenting list of the NOS tenets since it depicts the open-ended and dynamic 

NOS. Moreover, the family resemblance approach is pedagogically effective as it 

provides teachers the opportunity of focusing on any categories and discuss an aspect 

of science relevant to the class. 

Different than the aforementioned studies aiming to define NOS, McComas 

(1998) discussed NOS myths, which refers to misconceptions, and proposed that 

these myths should be considered while teaching NOS. Since these misconceptions 

are common, they provide a more comprehensive NOS understanding for classroom 

instruction when considered with NOS aspects to be communicated. The common 15 

myths identified by McComas (1998) are as follows; 

 Hypotheses become theories that in turn become laws. 

 Scientific laws and other such ideas are absolute. 

 A hypothesis is an educated guess. 

 General and universal scientific method exists. 

 Evidence accumulated carefully will result in sure knowledge. 

 Science and its methods provide absolute proof. 

 Science is procedural more than creative. 

 Science and its methods can answer all questions. 

 Scientists are particularly objective. 

 Experiments are the principal route to scientific knowledge. 

 Scientific conclusions are reviewed for accuracy. 

 Acceptance of new scientific knowledge is straightforward. 

 Science models represent reality. 

 Science and technology are identical. 

 Science is a solitary pursuit. 
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 As science educators, we cannot expect teachers or students to become 

historians, psychologists, sociologists, or philosophers of science. Therefore, the aim 

of introducing NOS in classroom should have been clarified:  ña more complex 

understanding of science, not a total or even a very complex understandingò 

(Matthews, 1998, p. 168). This more complex understanding of science includes an 

understanding of what science is, how it works, the epistemological and ontological 

foundations of science, how scientists operate as a social group and how society 

itself both influences and reacts to scientific endeavors. Although there have been 

some disagreements on a specific definition on NOS, there are some agreed upon 

important aspects of NOS which is relevant and accessible to K-12 (Abd-El-Khalick 

et al., 1998; Lederman & Abd-El-Khalick, 1998; McComas & Olson, 1998; Osborne 

et al., 2003; Smith &Scharmann, 1999). The following aspects constituted our 

understanding of NOS and reflect the contemporary understanding on NOS as 

defined by literature. 

Scientific knowledge is tentative: Although scientific knowledge is durable, it 

changes with the new data or reinterpretations of existing ones. This change might be 

a complete (e.g., phlogiston theory vs. oxygen theory) or partial change (e.g., atom 

theories). It is impossible to test every possible situation for a scientific knowledge. 

Therefore, scientists are not able to prove a scientific knowledge, instead they just 

merely support the existing knowledge and no one can guarantee, in the future, there 

might be a new data by which current scientific knowledge might be inadequate to 

explain. 

Science is based on observations and experiment: Science and scientific 

knowledge are based on observations and experiments. Scientists use observations 

and experiments when appropriate to test the validity of their claims. Not every 

scientific discipline enables scientists to conduct experiments such as astronomy or 

not all scientific knowledge is constructed as a result experiments such as evolution 

theory. Therefore, experiments and observations play vital role in science to reach 

scientific knowledge when used properly. 

Scientific knowledge is based on inferences as well as observations: 

Scientific knowledge is the inferences derived from observations. Observations are 

descriptive statements about phenomena obtained by using senses (e.g., sight, 
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hearing, touch, smell and taste) or some technological devices (e.g., using scale to 

measure mass). However, inferences are the interpretations of these observations 

(e.g., Rutherfordôs atom model based on his observations on the number of alpha 

particles passed, scattered through and reflected from gold foil). 

Scientific theories and laws have different roles in science: Scientific theories 

and laws have different meanings and roles in science. Scientific laws are the 

descriptive statements about the perceived relationships, regularities, patterns, and 

generalizations in nature. On the other hand, scientific theories are the explanations 

for phenomena or laws. For instance, while Boyleôs law describes the relationship 

between pressure and volume of a gas, kinetic molecular theory explains why there is 

such a relationship between pressure and volume. There is no hierarchical 

relationship between theory and law since it is impossible for a theory to become a 

law considering their role in science. Also, scientific theories and laws are tentative 

as they are scientific knowledge and there is no status difference between them in 

terms of reliability and changeability. 

Scientific knowledge is theory-laden and includes subjectivity: Throughout a 

scientific study, in all phases, for scientists it is impossible to achieve complete 

objectivity. When scientists develop questions, design investigations, and make 

observations and inferences, their previous knowledge, experiences, expectations, 

and theories and laws that they believe unavoidably affect them. For instance, 

Millikan excluded some his oil drop experiment results because of his belief in 

atomic theory while Ehrenhaft included all the results based on his belief in anti-

atomic theory.  Considering all the factors influencing scientists throughout their 

work, scientific knowledge is theory-laden and includes subjectivity.  

Creativity and imagination plays a major role in science: Logic by itself is 

not sufficient enough for science and creativity and imagination are required during 

various phases of a scientific study such as constructing hypothesis, designing 

different ways for observations and experiments, finally interpretation of data.     

Social and cultural factors affect science: Science cannot be isolated from the 

social and cultural environment in which it is conducted. Politics, religion, 

philosophy, economy, moral values are some of the factors which influence deciding 

what and how science is conducted, interpreted and developed. In addition, scientific 
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knowledge is produced, presented, and evaluated in social contexts including groups 

of scientists and scientific organizations. 

Science and technology is not the same thing: Science and technology are 

confused with each other since in todayôs world most of the technological 

developments are presented as scientific development in popular media. Science and 

technology are different from each other with regard to their purposes, methods, and 

products. Purpose of science is to explain natural world while technology seeks 

solutions for humanôs problems they encountered during adaptation to natural world 

and hence tries to make the life easier. In addition, scientists use scientific inquiry 

methods such as hypothesis testing and experimenting while technicians use problem 

solving strategies such as technological design and construct. From the perspective 

of products, scientific knowledge is product of science and designs which are 

solutions for peoplesô needs are products of technology. More importantly, 

technology is not the application for science since some technological devices are 

discovered before the underlying scientific knowledge is produced. 

There is no universal and step by step scientific method: Most people believe 

that there is a universal and step by step scientific method which is used by all the 

scientists around the world. These commonly believed steps that constitute the 

method are a) defining the problem, b) gathering background information, c) forming 

a hypothesis, d) making observations, e) testing the hypothesis, and f) drawing 

conclusions. History of science provides examples for eliminating the myth in the 

belief for following the aforementioned steps. For instance, Darwin proposed the 

theory of evolution right after his observations in Galapagos Islands without forming 

a priori hypothesis. There are several common scientific processes such as forming 

hypothesis, observation, experimentation, interpretation, and hypothesis testing but 

these processes do not have to follow a specified order.  

Serendipity plays a role in science: Serendipity is a term used for describing 

the interaction of logic and chance during a scientific discovery. There are various 

examples of scientific discoveries where chance plays an important role such as 

penicillin and X-rays. During these discoveries, scientists were looking for 

something but an unexpected and unplanned another thing was occurred. Just chance 

is not enough for a scientist to discover new phenomena. Scientists paid attention to 
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these things and interpreted it using their logic, and as a result, produced a scientific 

knowledge different than the one which they intended to investigate.  

After critically looking at the NOS literature and defining our understanding 

of NOS that would be communicated to pre-service chemistry teachers, the next step 

was to portray a clear picture of what teachers know about aforementioned NOS 

aspects. Teachersô NOS understanding refers to their subject matter knowledge 

(SMK) in this study and is a pre-requisite for a well-developed PCK for NOS (van 

Driel et al., 1998). Therefore, identifying teachersô understanding of NOS is crucial 

for designing a more effective PCK for NOS instruction since first part of PCK for 

NOS instruction aims to increase teachersô NOS understanding.  

 

2.2. Teachersô Understanding of NOS 

 

Earlier attempts related to investigation of teachersô NOS concepts dates back 

to 1950s, but careful consideration of teachersô NOS understanding started at the 

beginning of 1990s since NOS emerged as a prerequisite for achieving SL in science 

education reform movements. Lederman (1992) reviewed the studies between 1950 

and 1992 and concluded that teachers do not have informed understanding of NOS 

irrespective from the instruments used to assess their understandings. After the 

beginning of 1990s, science educators used various instruments and categorizations 

for identifying and describing the way teachersô thinking about NOS. 

Abd-El-Khalick and BouJaoude (1997) defined 20 in-service science 

teachersô knowledge base about the structure, function, and development of their 

discipline, and their NOS understandings. For assessing NOS, they used 22-item 

version of Views on Science-Technology-Society (VOSTS) and concept mapping 

associated with interviews. The items were about the nature of observations, 

scientific models, and classification schemes, the tentativeness of scientific 

knowledge, precision and uncertainty in scientific knowledge, logical reasoning in 

science, and the epistemological status of scientific knowledge. Results of this study 

revealed that there was little evidence for teachersô informed understanding of NOS. 

Considering different dimensions assessed by VOSTS, distribution of informed 

views varied between 38% and 67% and while the naive views ranged between 33% 
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and 62%. The percentages of teachers having naive NOS conceptions in different 

dimensions were as below; 

 There is a universal and step by step scientific method followed by all 

scientists (94%). 

 The difference between competent and incompetent scientists is to follow the 

scientific method (88%). 

 Scientific models are copies of reality rather than human inventions (47%). 

 Science is universal and there is no place for the theories in guiding scientific 

research (82%). 

 Observations are not theory-laden (71%). 

 There is a hierarchical relationship between hypothesis, theory and law 

(59%). 

 Scientists do not make assumptions in their work (59%)  

Haidar (1999) explored 31 pre-service science and 224 in-service chemistry 

teachersô views on NOS using a five-dimensional NOS questionnaire prepared by 

using various items from different NOS scales. The questionnaire was consisting of 

items reflecting the beliefs of traditional and constructivist views about science. 

Traditional view suggests that: ñéscience is merely a means of revealing the natural 

laws of God that regulate a clockwork universe; the only way to gain scientific 

knowledge is through the application of the induction method; scientists are objective 

free from illusion and myths of the past; and scientific knowledge is absolute and 

devoid of creativity and human imaginationò (p. 807). On the contrary constructivist 

views refers to contemporary views of NOS (e.g., theory-ladennes of observation, 

there is no step by step and universal scientific method). Scientific theories and 

models, role of scientists, scientific knowledge, scientific method and scientific laws 

were the focus of the study in relation to NOS. Overall, both pre-service and in-

service teachers demonstrated neither traditional nor constructivist about NOS. The 

percentages of teachers holding traditional views about science were as below (Table 

2); 
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Table 2. The percentages of teachers holding traditional views about science in 

Haidar (1999)ôs study 

 

 Pre-service In-service 

Scientific theories   

Theory-ladennes of observations 55 47 

Discovery of scientific theories 81 81 

Hierarchical relationship between hypothesis, theory, 

and law 

97 76 

Rejection of scientific theories and models 26 14 

Scientific models   

Role of a scientist 29 32 

The scientific method 48 52 

Recording data 55 59 

Evaluation of scientific ideas 52 44 

Subjectivity 58 49 

Purpose of science 26 33 

Scientific knowledge   

Cumulative nature 48 68 

Tentativeness* 10 25 

Sources* 10 25 

Generation* 10 25 

Scientific method   

Step by step method 65 75 

Single method 19 36 

Scientific laws   

Invention of laws 71 71 

Nature of laws 39 39 

* values indicates the ranges not the exact values   

 

Murcia and Schibeci (1999) investigated the major conceptions of the NOS 

held by a sample of pre-service primary school teachers. They used a newspaper 

science report to help participants articulate their views of the NOS. Sample 

consisted of 73 volunteer students who were enrolled in an introductory physical 

science unit for primary pre-service teachers. Result of the study showed that over 

70% of the respondents answered in a way consistent with the new philosophy on 

eight of 15 true/false statements, which suggests the following views on the NOS: 

Scientists have shared beliefs and attitudes about their work and, in turn, the 

spreading of scientific information is important to progress in science. A strong 

conception of scientistsô work being affected by personal beliefs, values and 
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background existed in the study group.  Responses to other statements showed a 

relatively high degree of uncertainty and inconsistent views with the new philosophy 

of science. Generally, the respondents displayed a naive and unclear understanding 

of scientific method-the discovery of ñtruthò through observations. The respondents 

also showed a poorly developed understanding of scientific theory. There was little 

awareness of the social context of science and scientistsô work in the responses.  

In another study with pre-service teachers, Chen (2001) explored prospective 

science teachersô (biology, chemistry, earth science, and physics) NOS conceptions 

and the relationship between their conceptions and majors, if any. 14 prospective 

secondary science teachers at three different universities completed the questionnaire 

on NOS and follow-up interviews. It was found that prospective science teachers 

from different disciplines varied in their views on NOS and attitudes toward teaching 

NOS. Prospective teachers in all science majors hold strong beliefs in the value of 

scientific knowledge; the tentative nature of science; realism (scientific studies seek 

truths about the world); hierarchical relationship of hypotheses, theories, and laws; 

and the existence of universal scientific method. 

In a similar study, pre-service and in-service science teachersô views about 

the characteristics of science and technology, the aim of science and scientific 

research, the characteristics of scientific knowledge and scientific theories, and the 

relationship between science and technology was explored (Tairab, 2001). The data 

for the study were collected using eight items selected from Nature of Science and 

Technology Questionnaire (NSTQ) and with the participation of 41 pre-service and 

54 in-service science teachers. Although the majority of science teachers held 

realistic views about science, its aim and the nature of scientific research and the 

nature of technology was naively conceived by the science teachers. The majority of 

both groups of science teachers held the view that supports the tentativeness of 

scientific knowledge. On the other hand, 22% and 24% of the pre-service and in-

service science teachers, respectively, held static views about scientific knowledge. 

They also supported the view that science is a collection of facts or a body of 

knowledge that explains the world and that the purpose of scientific research is to 

collect as much data as possible.  Over half of both groups of science teachers 

conceived a scientific theory as ñthe most appropriate explanation and interpretation 
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put forward by scientistsò (p. 242). In addition, similar percentages of both groups of 

science teachers (29.3% of pre-service and 29.6% of in-service science teachers) 

confused a scientific theory with a scientific fact suggesting that theories were facts 

before being proven by experiments. 

Two years later, Thye and Kwen (2003) examined preservice chemistry 

teachersô conceptions of NOS. Views of Nature of Science (VNOS) Questionnaire 

was administered to 125 preservice teachers. The modified instrument is an eight-

item, open ended questionnaire designed to elicit descriptive responses to common 

NOS misconceptions. Responses were analyzed into coded categories of informed, 

ill -informed, and ambiguous. 76% of students believed the necessity of 

experimentation to forward the development of science. 46% of the participants 

showed ill-informed views and 37% showed ambiguous views on scientific theory is 

a hypothesis that has not been proven yet. The view that ñmodels are the copies of 

realityò was ill-informed by 42% of the students. 24% of the participants believed 

that the science is universal and 74% of the students had ill -informed or ambiguous 

views on the definition of science. Interestingly, most of the teachers had informed 

views on the tentative nature of scientific knowledge. 

Erdoĵan (2004) investigated the views of pre-service science teachers on 

NOS. A total of 166 preservice science teachers from three different universities 

participated in the study. 21 items selected from the epistemology of science 

category of the VOSTS instrument. In order to understand participantsô views on 

NOS in depth, semi-structured interviews were also conducted by nine volunteer pre-

service science teachers. Results of this study revealed that pre-service science 

teachers held naive views on the definition of science; the nature of scientific 

models; the relationships between hypotheses, theories, and laws; fundamental 

assumptions for all science; the scientific method; uncertainty in scientific 

knowledge; epistemological status of scientific knowledge; coherence of concepts 

across disciplines. On the other hand, participants had realistic views on the nature of 

observation; the nature of classification schemes; the tentativeness of scientific 

knowledge; cause and effect relationship.  

In a comprehensive study, Doĵan (2005) investigated the views of physics, 

chemistry, biology teachers and 10
th
 class math-science students on NOS in Turkey. 
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A total of 1994 students and 362 teachers (125 physics, 124 chemistry and 123 

biology teachers) chosen from science high schools and Anatolian high schools in 21 

cities of seven geographical regions participated in the study. In order to assess the 

views of participants on NOS, a total of 25 questions from VOSTS ( science, the 

characteristics of science person, the social structure of scientific knowledge, the 

effects of science and technology on society, the effects of society on science and 

technology, the characteristics scientific knowledge) were translated and adapted into 

Turkish. Each statement in a VOSTS item was categorized into one of the three 

categories: realistic (an appropriate view), has-merit (expresses a number of 

legitimate points) and naive (an inappropriate view). Results of this study revealed 

the misconceptions of teachers and students on NOS. In addition, the participants 

held traditional views on the definition of the nature of scientific models, the 

relationships between hypotheses, theories, and laws, the scientific method, 

fundamental assumptions of science, epistemological status of scientific knowledge 

and relationships between disciplines while they have contemporary (realistic) views 

on the scientific observations, the nature of classification schemes, the tentativeness 

of scientific knowledge, and cause and effect relationships. Naive views of the 

teachers and the corresponding percentages were: 

 Scientists are objective (81%). 

 Scientific models are the copies of reality (63.3%). 

 Science is universal and is not affected by social and cultural values (28.2%). 

 Scientific laws are absolute and do not change (13%). 

 Gender makes a difference in scientific studies and discoveries (44.7%). 

 Scientific method is necessary to acquire a scientific knowledge (31%). 

 There is a hierarchical relationship among hypothesis, theory and law. 

Hypothesis becomes theory if it is proven to be true and theory becomes law 

if it is universalized (85.6%). 

 Theories are discovered rather than invented (33.8%) . 

 Laws are discovered rather than invented (34%). 

 Experiment is necessary for development of scientific knowledge (88.8%). 

In a study, chemistry student teachers' and classroom student teachers' ideas 

on the science and the NOS was evaluated (G¿rses, Dogar, & Yal­ēn, 2005). The 
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essay type questions concerning the scientific theory, the nature of theory and the 

nature of law were asked and responses were taken in written format from 37 pre-

service chemistry and 78 elementary teachers. It was found that the student could not 

differentiate theoretically and empirically concepts which are presented in the 

theories. All of them thought that there is no difference between an object and a force 

exerted to an object, and empirical concepts could be seen while theoretical concepts 

could not. In addition, the students had the similar ideas about the scientific evidence 

and 96% of the participants viewed experiment is necessary for scientific proof. The 

view that theories change but laws not change (95%) was also prevalent among the 

preservice teachers. 

ķahin, Deniz, and Gºrgen (2006) conducted a study aiming to investigate 

both secondary school social and science branch post-graduate (non-thesis master) 

teacher candidates views about the NOS.  A 12-item Likert type scale was 

administered to 207 participants. A score of 1 assigned to answers to the items 

indicated a low acceptance of related NOS aspect, while a score of 5 assigned to 

answers to items indicated a high acceptance. The student teachers generally showed 

a low level of understanding of the NOS. Characteristics of science particularly was 

not well understood including the independence of scientific knowledge from 

religious affirmation (%32), direct observation (%37), and the limits of science 

(%30). The characteristics of science which was well understood by the student 

teachers were the goals of science (%84), scientific theories (%82), scientific 

experiments (%69), and the inability of science to address ultimate causation (%84).  

During the development and initial implementation of a NOS rubric by 

Brown, Luft, Roehrig, and Kern (2006), beginning science teachersô perspectives on 

NOS was investigated. The creation of the rubric involved five beginning secondary 

science teachers, four experienced secondary science teachers, and five additional 

beginning secondary science teachers used to pilot the rubric. Three different 

perspectives of NOS labeled as ñProductò, ñProcessò, and ñSituated,ò with the 

ñSituatedò category aligning to a more tentative view of science. Initial findings 

showed that most beginning teachers conceptualized NOS using ñProductò and/or 

ñProcessò frameworks, and displayed a naive understanding of the relationship 
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between theories and laws. Experienced teachers who have taken a NOS course 

aligned their NOS perspective with ñSituatedò perspective. 

Liu and Lederman (2007) explored the relationship between 54 Taiwanase 

prospective science teacherôs culturally based worldviews and conceptions of NOS. 

Data were collected through Views on Nature of Science Form-C (VNOS-C) for 

teachersô conceptions on NOS and five open ended questions for teachersô 

worldviews. Understandings of NOS were classified into informed and naive 

categories based upon contemporary views of these constructs and those stressed in 

international reform documents. The majority of participants (over 70%) held 

inadequate views of the empirical NOS, tentativeness of scientific knowledge, 

creativity and imagination involved in scientific investigation, and hierarchical 

relationship between theories and laws. In addition, most of the participants viewed 

science as equivalent to technology or believed that scientific knowledge is proven 

true based on objective observations or experimental evidence (%64). About 40% of 

participants demonstrated adequate understandings of the distinction between 

observation and inference. Majority of the participants ascribed theory change solely 

to new information and technologies and many also believed that theories are 

tentative due to insufficient evidence for proving their validity (%59). All of the 

respondents held naive views that scientific laws can be proven true through repeated 

testing and scientific theories are tentative antecedents to scientific laws (%76). 

Almost all participants indicated that creativity and imagination are needed in the 

development of scientific knowledge placed different emphases on the only one stage 

of investigation (%57). Participants viewed scientific knowledge as universal and 

failed to recognize that different belief systems could influence the use of scientific 

knowledge and the way scientific investigations are conducted (%46).  

Yalva­ et al. (2007) explored Turkish preservice science teachersô views on 

science-technology-society issues. Data were collected through an adopted form of 

VOSTS instrument consisting of 26 multiple-choice items from176 pre-service 

science teachers who enrolled in three different science education programmes. 

Subscales of the instruments are as science and technology, influence of society on 

science/technology, influence of science/technology on society, characteristics of 

scientists, social construction of scientific knowledge, social construction of 
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technology, and nature of scientific knowledge. Results of the study showed that 

Turkish pre-service science teachers held a realist view that scientific knowledge is 

subject to change (%76), interdependence of science and technology (%75), 

influence of society on science/technology (%61), influence of science/technology 

on society (%62), social construction of scientific knowledge (%76). While many 

pre-service science teachers viewed technology as the application of science (39%) 

and nearly all the participants agreed on the hierarchical relationship in which 

hypotheses become theories and theories become laws depending on the availability 

of the supporting evidence (%93). 

Akerson et al. (2008) as a part of their investigation examined the relationship 

between pre-service teachersô NOS views, their ethical and intellectual positions, and 

cultural values. The Views of Nature of Science Form B (VNOS-B) to describe NOS 

views, the Learning Context Questionnaire (LCQ) to classify pre-service teachersô 

ethical and intellectual positions using Perryôs scheme, and the Schwartz Values 

Inventory (SVI) were used to measure pre-service teachersô cultural values. 

Participants were all 14 early childhood pre-service teachers who were enrolled in 

The Early Childhood Education Teacher Education Program. Researchers coded 

elementary teachersô views as either óóinformedôô (indicating a fully developed 

understanding of the NOS aspect), óóadequateôô (indicating a developing view), or 

óóinadequateôô (indicating a misconception was held by the student).  Prior to 

instruction, none of the preservice teachers held adequate or informed views of the 

elements of NOS including empirical basis, observations and inferences, creativity 

and imagination, social and cultural embeddedness, scientific theories and laws, and 

multiple methods of scientific investigations. 

In a recent study conducted by Liang et al. (2008), an instrument was 

developed to evaluate NOS views of preservice teachers. Utilizing convenience 

sampling technique, the study involved 209 preservice elementary teachers who were 

enrolled at two American universities. The participants were either majoring in 

elementary education (K-6) or had dual majors in elementary (K-6) and special 

education (K-12).The target NOS ideas reflected in the instrument are tentativeness, 

empirical basis, observations and inferences, creativity and imagination, social and 

cultural embeddedness, scientific theories and laws, and multiple methods of 
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scientific investigations.  The instrument comprising of 58 Likert scale items and 10 

open-ended questions was developed considering empirically derived instruments 

such as VOSTS and students' responses on VNOS.  By using this instrument, 

researchers stated that most of the pre-service elementary teachers hold naive 

conceptions on several NOS aspects including creativity and imagination (%42), 

scientific theories and laws (%98), and multiple methods of scientific investigations 

(%33). 

Aslan (2009) investigated 74 science teachersô views of NOS. The researcher 

used an 18-item questionnaire which was modified using the items of VOSTS. The 

analysis revealed that science teachers had naive conceptions on various NOS 

aspects including definition of science (5,5%), effect of science on society (33,9%), 

features of scientists (32,5%), nature of observations (41,6%),  scientific models 

(69%), nature of classification (21,6%), tentativeness of scientific knowledge 

(25,8%), the relationship between hypothesis, theory, and law (97,3%), scientific 

assumptions (45,9%), theories (33,9%), the scientific method (37,8%), scientific laws 

(79,8%), scientific hypothesis (74,3%) 

In a recent study Ayvaci and Er Nas (2010) investigated 26 in-service science 

teachersô understanding of NOS using seven open ended questions. The results of 

this study revealed that science teachers had naive understandings on several NOS 

aspects. The percentages of teachers having naive NOS conceptions are as below;  

 The purpose of science is to achieve abstract truth (27%) 

 Scientific knowledge is absolute where the knowledge in other fields 

is not (27%) 

 Experiments are crucial to reach scientific knowledge (50%) 

 With the proof theories become laws (15%) 

 Theories can change while laws cannot (54%) 

 The role of creativity and imagination is less than the scientific 

method itself (23%) 

Doĵan et al. (2011) as a part of their study firstly identified the participantsô 

NOS understandings using a 14-item questionnaire which was formed using the 

items of VOSTS questionnaire. Analysis of pre-test results showed that teachers had 

naive conceptions on various NOS aspects including scientific models (48.7%), the 



 

 

 

34 

relationship between hypotheses, theory, and law (86.4%), nature of theories 

(74.4%), the scientific method (38.6%), epistemological status of theory (47.6), law 

(66.7%), and hypothesis (70%). 

The aforementioned studies provided an empirical evidence for both pre-

service and in-service science teachersô inadequate NOS understandings irrespective 

from the instruments used to assess NOS. These findings indicate the necessity of 

helping teachers to increase their understanding of NOS. PCK for NOS instruction 

designed in this study, firstly, aimed to enhance pre-service chemistry teachersô NOS 

conceptions and hence fulfilled the gap in literature advocating the need for 

educating teachers for NOS. In addition, since teachersô NOS conceptions in this 

study is a prerequisite for a well-developed PCK for NOS and at the same time, the 

instruction was helpful for teachers to satisfy the necessary condition for a well 

established PCK for NOS. The next step is to find out whether teachers with 

adequate NOS understanding successfully translate their NOS conceptions into their 

classroom and the factors that facilitate or impede this translation. 

 

2.3. Factors Affecting Teachersô Translation of Their NOS Understanding into 

Classroom 

 

 Empirical studies revealed that both pre-service and in-service science 

teachers do not have adequate NOS understandings. As an attempt to solve this 

problem, science educators directed their attention to various attempts for improving 

teachersô inadequate understandings of NOS. The efforts emerged as implicit and 

explicit approaches to NOS instruction (Abd- El-Khalick & Lederman, 2000a).  

The basic assumption of implicit approach is that learning about NOS would 

occur as a consequence of the learnersô engagement in science-based activities 

without any direct references to NOS.  Therefore, successful experiences in doing 

science such as science process-skills instruction or engagement in science-based 

inquiry activities stimulate acquiring of better conception on NOS. Contrary to the 

implicit approach, advocates of an explicit approach contended that enhancing 

learnersô conceptions of NOS should be planned for instead of solely having students 

participated in science activities. In addition, they claimed that certain aspects of 
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NOS should be made explicit in any attempt aimed at fostering adequate conceptions 

of NOS among learners. Therefore, those researchers provided opportunities for 

students where they reflect on their experiences explicitly in a way to relate science 

with their experiences. The basic difference between implicit and explicit approaches 

is not the kind of activities used to promote NOS understandings. The difference is 

the extent to which learners are provided with the conceptual tools that would enable 

them to think about and reflect on the activities in which they are engaged. As a 

result of their review of the empirical studies Abd-El-Khalick and Lederman (2000a) 

concluded that explicit approach was more effective in development appropriate 

conceptions of NOS among science teachers. 

 With the recognition of success of explicit-reflective approach in improving 

teachersô NOS conceptions, the number of studies using that approach started to 

increase (Akerson et al., 2000; Abd-El-Khalick & Lederman, 2000b; Lin & Chen, 

2002). In addition, assumption that there is a clear-cut relationship between teachersô 

NOS understanding and successful translation of their NOS conceptions into 

classroom practice also accelerated the studies on NOS. Researchers tried to explore 

whether teachers with adequate NOS conceptions are good at translating their 

understanding into classroom practice and if not to reveal the factors that impede this 

relationship.  

One of the earlier attempts, exploring the relationship between teachersô 

beliefs about NOS and their classroom practice, was made by Brickhouse (1990). 

She conducted her study with three science teachers using interviews, observations, 

and classroom artifacts in order to reveal their beliefs about NOS and science 

teaching. The results of this study indicated that teachers may reflect their beliefs 

about the nature of scientific theories, scientific process, and progress in their 

classroom instruction. While two experienced science teachersô consistent practice 

provided evidence for the coherence between their NOS beliefs and teaching 

practice, the beginning teacherôs instruction varied from day to day and did not 

reflect his NOS beliefs. The beginning science teacherôs practice was an evidence for 

the absence of clear-cut relationship between teachersô NOS understanding and 

teaching. 
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As a follow up study, Brickhouse and Bodner (1992) focused on the 

beginning teacherôs beliefs about science and science teaching for elucidating the 

factors resulting in incongruence between her beliefs and practice. They conducted a 

seven-month length case study. Interviews, classroom observations, and documents 

related to teaching were used as data collection sources. Data sources pointed out 

several factors that impeded this beginning teacherôs successful translation of his 

NOS understanding into classroom as institutional constraints including pressure to 

teach school science instead of NOS, classroom constraints including studentsô 

concern for grades and lack of SMK, institutional constraints including impact of 

principals, regulations and social hierarchies, scheduling of classes, building designs, 

and texts and materials for instruction. 

 After these studies science education community shifted their attention to 

how teachersô classroom instruction may or may not reflect their NOS 

understandings and the reasons explaining it. In the following year, Hodson (1993) 

investigated the degree to which teachersô design and choice of learning activities 

reflect their NOS views. Firstly Hodson identified teachersô philosophical stands 

toward science and categorized seven teachers as inductivist who emphasizes the 

priority of observation (2), hypothetico-deductivist who gives priority to theory and 

emphasizes falsification by critical experimentation (3), and contextual advocating 

who believes that there is no one method of science (2). Observations, teaching 

materials, and interviews supported the finding that teachers do not directly translate 

their NOS conceptions into classrooms. Although only two teachers had inductivist 

stance, inductivist and verificationist laboratory experiences were dominant in their 

classrooms. Teachers expressed several constraints for the inconsistencies between 

their philosophical stance and classroom practice as lack of time and resources, 

pressure of the curriculum and exams, laboratory management and organization 

issues, concerns about discipline, and organizing and selecting the most appropriate 

experiments that work for both content and in class. 

After realizing that there was no clear-cut relationship between teachersô 

NOS understanding and their classroom practice (Brickhouse, 1990; Brickhouse & 

Bodner, 1992; Hodson, 1993), science educators started to seek for addressing the 

difficul ties that teachers faced with when teaching NOS. With this purpose, Abd-El-
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Khalick et al. (1998) designed a program for secondary science teachers in which 

they taught NOS in an explicit-reflective manner. They investigated the effectiveness 

of this program on secondary science teachersô NOS understanding and teaching 

practices using various data sources including VNOS and associated interviews, 

daily lesson plans, classroom videotapes, supervisorôs notes, and portfolios including 

rationales, goals, objectives, lesson plans, assessment instruments, reflections. 

Although teachers (n = 14) possessed adequate understandings on numerous NOS 

aspects after participation to the program, they were not able to translate their NOS 

understandings into classroom even though they thought that they did so. Teachersô 

lesson plans and instructions provided little evidence for explicit references to NOS. 

Moreover, teachers stated several factors for inadequacy of their lesson plan and 

instruction for teaching NOS such as not seeing NOS as much significant as other 

learning outcomes (e.g., science content), classroom management concerns, 

insufficient NOS understanding, lack of resources and experience for NOS teaching, 

time limitation, and constraints forced by cooperating teacher. Abd-El-Khalick and 

his colleagues recommended that teachers should be provided with the opportunities 

where they experience teaching and assessing NOS. Also, the need for programs 

where learning NOS and learning how to teach NOS part are separated from each 

other was evident in their suggestions. 

As a response to Abd-El-Khalick et al.ôs (1998) call for programs, where 

learning NOS and learning how to teach NOS are separated, Lederman (1999) 

conducted a multiple-case study with five biology teachers (3 males and 2 females) 

possessing different teaching experiences (two beginning and three experienced) in a 

series of workshops intended to teach both NOS and how to teach NOS. After 

completion of the workshop, semi-structured interviews, an open-ended 

questionnaire, classroom observations, lesson plans, instructional materials, periodic 

informal interviews/discussions, and student interviews were used during a year-long 

case study. Analysis of data revealed that teachersô NOS conceptions did not directly 

influence their classroom practice. Teaching experience, on the other hand, was an 

important factor in teaching NOS because experienced teachersô classroom practice 

indicated a consistency with their views of NOS, which is similar to the findings of 

Brickhouse (1990). Another important factor was teachersô beliefs in the importance 
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of NOS as a learning outcome as indicated by Abd-El-Khalick et al. (1998) and 

intentions to teach NOS. Unless teachers believe in the importance of NOS they do 

not teach NOS in their classroom. While classroom management concerns was 

reported by beginning teachers as a concern for not teaching NOS, experienced 

teachers stated lack of experience in NOS teaching as a factor. Interestingly, 

curriculum was not found to be as a factor that prevents teachers to teach NOS since 

curriculum provided flexibility to teachers for teaching their own purpose. Lederman 

recommended that programs should include the components that help teachers in 

valuing NOS as an instructional outcome. 

 One year later after Ledermanôs (1999) recommendation, Bell et al. (2000) 

included the valuing NOS component in the second one of a two consecutive science 

method courses. Eleven pre-service teachers learned NOS in an explicit-reflective 

manner in the first course and the second course included a student teaching 

experience component, emphasizing the difference between NOS and scientific 

inquiry, considering NOS as an important learning outcome, and inadequacy of 

implicit approach for teaching NOS. Various qualitative data sources were used 

including student teachersô responses to VNOS questionnaire and interviews, daily 

lesson plans, classroom videotapes, supervisorsô observational notes, participantsô 

portfolio consisting of rationales, goals, objectives, lesson plans, assessment 

instruments, and videotapes of classroom instruction, and semi-structured interviews. 

Analysis of data indicated that most of the participants did not confuse NOS with 

science processes. Moreover, nine of the 11 pre-service teachers made explicit 

attempts to teach NOS in their class as evidenced by their lesson plans, portfolios, 

and supervisors' field notes. However, most of them failed to include an instructional 

objective about NOS that they intended to communicate during their teaching. A few 

NOS related objectives were found in their lesson plans but just two of them could be 

categorized as adequate. Also, pre-service teachers did not include NOS 

understanding as an important dimension to assess in their lesson plans and NOS 

teachings. Although participants recorded improvements in teaching NOS, they faced 

with several constraints namely conflict between teaching NOS and science content, 

lack of necessary time for NOS teaching and concern for falling behind the other 

teachers who are not teaching NOS, inadequate NOS SMK, lack of NOS teaching 
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experience, lack of opportunity for deciding what to teach because of mentor 

teachers, and stress caused by student teaching, which leaded to failing to consider 

what is important to teach. 

Although the importance of beliefs and intentions to teach NOS has been 

emphasized so far (Bell et al., 2000; Lederman, 1999; Lederman et al., 2001), 

Akerson and Abd-El-Khalick (2003) investigated whether these factors were 

sufficient in effective translation of NOS understanding into classroom during an 

experienced science teacherôs, who had informed NOS understanding and intentions 

to teach NOS, NOS teaching in his class.  Results showed that beliefs and intentions 

are necessary but not sufficient for an effective NOS teaching. Akerson and Abd-El-

Khalick (2003) concluded their study with the need for professional development 

that stimulates the development of teachersô PCK for NOS. Similarly, Schwartz and 

Lederman (2002) investigated two beginning science teachersô knowledge, intention, 

and instruction planning after they participated to a program providing explicit-

reflective NOS learning experiences, requiring inclusion of NOS in instructional 

objectives and assessments. That is, teachers were externally forced to intend to 

teach, include NOS related objectives, and assess NOS in their NOS teaching 

attempts. Their initial attempts for teaching NOS were not complete and proper 

considering the content they taught while their following attempts were more 

successful. Requiring extra effort, lack of NOS understanding and discipline specific 

SMK, the relationship between NOS and science subject were the factors found to be 

influencing in teachersô learning and teaching NOS, which was an evidence for 

insufficiency of intentions for teaching NOS. Schwartz and Lederman (2002) 

advocated that teachers should possess PCK for NOS for effectively translating their 

understandings into classrooms and there was a need for meaningful professional 

development enhancing teachersô PCK for NOS. 

 Lederman et al. (2001) concentrated their efforts on finding out facilitating 

and inhibiting factors in teaching NOS. Seven pre-service teachers who participated 

in a program on teaching and learning NOS through activities constituted the cases of 

this study. VNOS in conjunction with interviews, lesson plans, classroom 

observations, formal and informal discussions, and exit interviews provided evidence 

for facilitating and inhibiting factors. As facilitating factors, researcher support, NOS 
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course and activity packet, intentions to teach NOS, and viewing NOS consistent 

with curriculum came into prominence while classroom management, time 

constraints, lack of NOS knowledge, SMK, state standards, lack of ownership of 

practicum class, and general pedagogical concerns were found to be inhibiting ones. 

When these factors were compiled into more general categorizations intentions for 

teaching NOS, NOS knowledge, SMK, and pedagogical knowledge (PK) were 

described as the most influential factors. Lederman and colleagues (2001) 

recommended that one must avoid providing a list of NOS teaching activities if s/he 

intends to empower teachersô PCK for NOS and there is a need for that kind of 

meaningful professional development programs. 

 Different than the majority of the studies focusing on factors affecting 

translation of teachersô NOS understandings into classroom through the use of 

qualitative methods, Sweeney (2010) used survey research in order to determine the 

factors (importance, developmental appropriateness, and presence of NOS aspects in 

state standards) predicting teachersô teaching of NOS in their classrooms. Twelve-

item questionnaire including Likert-type questions scored on a 5-point scale was 

administered to 377 K-4 teachers. Different factors were found to be significantly 

predictive in determining the teaching of different NOS aspects. Developmental 

appropriateness was found to be a significant predictor of teachersô teaching all the 

NOS aspects but collaborative, empirical, and inferential. Seeing NOS as an 

important learning outcome was a significant predictor for all NOS aspects. Teaching 

the creative and absence of step by step scientific method NOS aspects were 

predicted by presence in state standards but not by the other NOS aspects. 

Beginning from Brickhouse (1990) and followed by other science educators 

(Abd-El-Khalick & Akerson, 2003; Abd-El-Khalick et al., 1998; Brickhouse, 1990; 

Brickhouse & Bodner, 1992; Lederman, 1999; Lederman et al., 2001; Schwartz & 

Lederman, 2002), research on investigating the factors that influence teachersô 

translation of their NOS conceptions into classroom practice indicated some 

regularity with regard to research design, data collection sources, and more 

importantly factors. In the light of these findings in the literature, the factors 

influencing teachersô translation of their NOS understanding into classroom practice 

can be summarized as; 
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 Teachersô beliefs and intentions (Abd-El-Khalick & Akerson, 2003; Bell et 

al., 2001; Herman, 2010; Lederman, 1999; Lederman et al., 2001; Sweeney, 

2010) 

 Classroom management (Abd-El- Khalick et al.,1998; Hodson, 1993; 

Lederman, 1999; Lederman et al., 2001; Ochanji, 2003) 

 Pressure to cover science content covered in curriculum (Aslan, 2009; 

Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al., 2001; Ochanji, 

2003; Koehler, 2006) 

 Pressure from co-operating teachers and parents (Abd-El-Khalick et al., 1998; 

Aslan, 2009; Bell et al., 2000; Koehler, 2006; Ochanji 2003) 

 Lack of SMK (Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al., 

2001; Schwartz & Lederman, 2002; Wahbeh, 2009) 

 Inadequate NOS understanding (Abd-El-Khalick et al., 1998; Akerson et al., 

2009;  Bell et al., 2000; Lederman, 1999; Lederman et al., 2001; Ochanji, 

2003; Schwartz & Lederman, 2002) 

 Time restrictions (Abd-El-Khalick et al., 1998; Bell et al., 2000; Brickhouse 

& Bodner, 1992; Hodson, 1993; Koehler, 2006) 

 Absence of resources and experience for teaching NOS (Abd-El-Khalick et 

al., 1998; Akerson et al., 2010; Bell et al., 2000; Brickhouse & Bodner, 1992; 

Hodson, 1993; Lederman, 1999; Lederman et al., 2001; Wahbeh, 2009) 

 Confusing NOS with scientific inquiry (Bell et al., 2000; Koehler, 2006; 

Ochanji 2003) 

 Concern for studentsô abilities to learn NOS (Koehler, 2006; Sweeney, 2010) 

 Undeveloped PCK for NOS (Abd-El-Khalick & Lederman, 2000a;  Akerson 

& Volrich, 2006; Hanuscin et al., 2011; Lederman et al., 2001; Ochanji, 

2003; Schwartz & Lederman, 2002; Wahbeh, 2009) 

 Feeling responsibility for teaching NOS (Herman, 2010) 

 Low self-efficacy for teaching NOS (Akerson et al., 2009; Schwartz & 

Lederman, 2002) 

 Presence of state wide tests (Aslan, 2009; Brickhouse & Bodner, 1992; 

Koehler, 2006) 
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 Absence of NOS in curriculum to be followed (Akerson et al., 2009; Akerson 

et al., 2010; Koehler, 2006; Lederman et al., 2001) 

 Various factors have been well documented for teachersô unsuccessful NOS 

teaching practices and PCK for NOS is one of them affecting teachersô use of NOS 

in their instruction. Science educators might help both pre-service and in-service 

teachers by designing courses and trainings that stimulate the development of PCK. 

The need for designing professional development programs that help teachers to 

develop and revise existing materials and enable them to develop PCK for NOS 

considering all sub-dimensions namely STO, KoL, KoIS, KoA, and KoC has been 

well documented in literature (e.g., Akerson & Abd-El-Khalick, 2003; Akerson 

&Volrich, 2006; Hanuscin & Hian, 2009; Hanuscin et al., 2011; Schwartz & 

Lederman, 2002). In addition, the area of PCK for NOS requires more studies 

(Lederman et al., 2001), especially the ones using an explicit PCK framework (e.g., 

Magnusson et al., 1999). This study fills the gap in literature by both using a 

particular PCK framework (Magnusson et al., 1999) and designing a program that 

enhances the development of PCK for NOS. Before explication of PCK for NOS, we 

should clearly define what PCK is. 

 

2.4. Pedagogical Content Knowledge  

 

 PCK is the knowledge that differentiates a scientist from a science teacher 

(NRC, 1996) and known as pedagogical professional knowledge for teachers. The 

PCK was first conceptualized by Shulman (1986) as a result of his research on the 

way in which a college graduate transforms his/her SMK into a form which is 

understandable by students. Shulman (1986) focused on ñKnowledge Growth in 

Teachingò and sought for the answers of ñWhat are the sources of teacher 

knowledge? What does a teacher know and when did he or she come to know it? 

How is new knowledge acquired, old knowledge retrieved, and both combined to 

form a new knowledge base?ò (p. 8). He came up with three type of content 

knowledge and differentiated among three which are SMK, curricular knowledge, 

and PCK. SMK is defined as consisting of substantive and syntactic knowledge. 

Substantive knowledge refers to basic principles and concepts of the discipline that 
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form the accepted truths in a domain to be communicated to students while syntactic 

knowledge refers to principles and means by which knowledge in a discipline 

develops and accepted (e.g., NOS for science). Curricular knowledge was teachersô 

knowledge on existent program that can be used for teaching specific subject and 

topic, accompanying instructional materials, how the topic being taught is related to 

other topics that students learn at the same time (lateral curriculum), and topics in the 

preceding and following years that are correlated to the topic of instruction (vertical 

curriculum). PCK was defined as  

é.knowledge, which goes beyond knowledge of subject matter per se to the 

dimension of subject matter knowledge for teaching...Within the category of 

pedagogical content knowledge I include, for the most regularly taught topics 

in one's subject area, the most useful forms of representation of those ideas, the 

most powerful analogies, illustrations, examples, explanations, and 

demonstrations-in a word, the ways of representing and formulating the subject 

that make it comprehensible to others. é[PCK] includes an understanding of 

what makes the learning of specific topics easy or difficult: the conceptions and 

preconceptions that students of different ages and backgrounds bring with them 

to the learning of those most frequently taught topics and lessons (p. 8). 

 In the following year, Shulman (1987) pursued his research on knowledge 

base for teaching and sought for the answers of sources of the knowledge base for 

teaching, the terms used for conceptualizing these sources, and implications for 

educational reform and teaching policy. He came up with the following list of 

teacher knowledge ensuring studentsô comprehension of a topic:  

content knowledge; general PK, with special reference to those broad 

principles and strategies of classroom management and organization that 

appear to transcend subject matter; curriculum knowledge; with particular 

grasp of the materials and programs that serve as the ñtools of tradeò for 

teachers; pedagogical content knowledge, that special amalgam of content and 

pedagogy that is uniquely the province of teachers, their own special form of 

professional understanding; knowledge of learners and their characteristics; 

knowledge of educational contexts, ranging from the working of the group or 

classroom, the governance and financing of school districts, to the character of 
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communities and cultures; and knowledge of educational ends, purposes, and 

values, and their philosophical and historical grounds (p. 8). 

 Moreover, Shulman (1987) made an attempt for describing the process in 

which teachers transform their SMK in a way that is comprehensible and 

understandable by students (see table 3). He added that the steps constituting the 

process were not fixed and rather were changeable as teachersô ability and grade 

level changed. Shulman (1987) concluded that there was a need for teacher 

assessment and education programs grounded on content embedded pedagogy, which 

is PCK. 

 

Table 3. A Model of pedagogical reasoning and action from Shulman (1987, p. 15) 
 

Reasoning Action 

Comprehension SMK about and outside of the discipline 

Transformation Preparation of an instructional repertoire and clarification of 

instructional purposes 

Representation selection including analogies, metaphors, 

demonstrations, examples, explanations and etc. 

Selection from instructional repertoire 

Adaptation and tailoring to student characteristics 

Instruction Observable forms of classroom teaching 

Evaluation Checking for studentsô understanding and teaching performance 

Reflection Reviewing and critically analyzing oneôs own teaching 

New 

Comprehension 

On SMK, students, teaching, self 

Reinforcing of new understandings, and learning from experience 

 

 

 After the work of Shulman (1987), Tamir (1988) elaborated and extended the 

notion of PCK providing a framework for defining teachersô knowledge base. That 

framework included six categories which were general liberal education (basic skills 

of reading, mathematics, comprehension, and reasoning), personal performance, 

subject matter (knowledge and skills in related domain), general pedagogical 

(student, curriculum, instruction, and evaluation), foundations of the teaching 

profession (history and policy, philosophy and psychology, cultural and cross-

cultural factors, professional ethics), and subject matter specific pedagogical, which 

is PCK. Tamir (1988) made a clear distinction between PK and subject matter 

specific PK by stating that  
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This distinction is very important with regard to teacher education. Since, 

while the first (i.e. general pedagogy) may be handled by experts in general 

pedagogy and, hence, can be taught in mixed disciplinary classes, the second 

(i.e., subject matter specific PK) must be handled by instructors who are 

pedagogical experts in a particular discipline working with student teachers 

preparing to teach in that discipline (p. 100).  

 Moreover, Tamir (1988) elaborated Shulmanôs (1986) idea of PCK including 

the following components: 

 Student: Knowledge (Specific common conceptions and misconceptions in a 

given topic), skills (How to diagnose a student conceptual difficulty in a 

given topic) 

 Curriculum: Knowledge (The pre-requisite concepts needed for 

understanding a specific topic in science), skills (How to design an inquiry 

oriented laboratory lesson) 

 lnstruction (Teaching and management): Knowledge (A laboratory lesson 

consists of three phases: pre-lab discussion, performance, and post-laboratory 

discussion), skills (How to teach students to use a microscope) 

 Evaluation: Knowledge (The nature and composition of the Practical Tests 

Assessment Inventory), skills (How to evaluate manipulation laboratory 

skills) 

 The most distinguishable feature of Tamirôs (1988) model of PCK from 

Shulmanôs (1986; 1987) is the inclusion of assessment as a dimension of PCK and 

differentiating between knowledge and skill by defining each for all the PCK 

components. 

 Grossman (1990) investigated the nature and sources of PCK utilizing the 

data she obtained from three beginning English teachers with no professional 

preparation and three graduates of a five-year teacher education program. She 

proposed a model of teacher knowledge and advocated that there were four areas 

which form the base of professional knowledge for teaching; general PK, SMK, 

PCK, and knowledge of context (KoCx) (see Figure 1). 
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Figure 1.  Model of teacher knowledge (Grossman, 1990, p. 5) 

 

Grossmanôs (1990) model suggests that there is a reciprocal interaction 

between SMK, PK, KoCx, and PCK. Although it is clear from the Shulmanôs (1986; 

1987) PCK definitions that KoIS for teaching particular topics and KoL, are the two 

key components of PCK, Grossman (1990) added two more on these components as 

conceptions and purposes of teaching science and curricular knowledge which was 

an separate base from PCK ensuring translation of SMK into a comprehensible from 

by students. While the former refers to teachersô knowledge and beliefs about the 

purposes for teaching a subject at different grade level, the latter refers to the 

knowledge on available curriculum materials for teaching particular topic and what 

students studied in the past and will study in the future in the same grade (horizontal) 

and previous or next grade (vertical). However, Grossman did not mention about 

assessment as a dimension of PCK although Tamir (1989) explicitly stated about that 
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component. Moreover, Grossman (1990) argued that the aforementioned PCK 

components were not fragmented in practice as it was explained in theory. With 

regard to the sources, the study provided four different sources from which different 

PCK components develop: (a) disciplinary education for SMK, conceptions of 

teaching the discipline, KoC, and KoIS, (b) observation of classes for KoC, KoL, and 

KoIS, (c) classroom teaching experiences for KoIS and KoL, and (d) teacher 

education courses for conceptions of teaching the discipline and KoIS curriculum. 

 Cochran, King, and DeRuiter (1991) brought a criticism as being static to the 

PCK definitions in literature and defined PCK from a constructivist perspective as  

Pedagogical content knowledge is an integrated understanding that is 

synthesized from teacher knowledge of pedagogy, subject matter content, 

student characteristic, and the environmental context of learning. In other 

words, PCK is the using the understanding of subject matter concepts, learning 

processes, and strategies for teaching the specific content of a discipline in a 

way that enables students to construct their own knowledge effectively in an 

given context (pp. 11-12).  

 They advocated that the four components were transformed into PCK and 

PCK was the integration of four components which could not be observed as separate 

components. Later, Cochran, DeRuiter, and King (1993) used a new term 

ñPedagogical Content Knowing (PCKg)ò for their constructivist-based PCK 

definition emphasizing dynamic nature. For them, development of PCKg is continual 

and PCKg enables teachers to create learning environments where students construct 

their own understanding with respect to specific topics. Moreover, Cochran et al. 

(1993) acknowledged that they added two new components to Shulmanôs (1986, 

1987) PCK model as teachersô understanding of students including their abilities, 

ages, developmental levels, motivations, learning strategies, and prior conceptions 

and teachersô understanding of the social, political, cultural, and physical 

environmental contexts. They claimed that these two additional PCKg components 

formed the basis of constructivist based teaching since learning was created by 

students in social settings. 

 PCK definitions in literature summarized so far (Cochran et al., 1991; 

Grossman, 1990; Shulman, 1986; 1987; Tamir, 1988) did not include any argument 
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about how their definitions might be re-conceptualized with respect to particular 

domains. This tendency changed with the work of Magnusson et al. (1999). They 

viewed PCK as a transformation of SMK, PK, and KoCx and elaborated upon 

Grossmanôs (1990) and Tamirôs (1988) PCK model while describing their own. 

Magnusson et al.ôs (1999) model defines a PCK model for science teaching and 

includes five components with the addition of a new one ñKoAò to Grossmanôs 

(1990) which are conceptions and purposes of science teaching (refers to orientations 

toward teaching science or STO in Magnusson et al. (1999)), KoIS, KoC, and KoL 

(see Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Magnusson et al.ôs (1999, p. 99) PCK model for science teaching and its 

components 
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Explanation of each component in Magnusson et al.ôs (1999) model is as 

follow; 

1. STO was defined as teachersô beliefs and knowledge about their goals and 

purposes of teaching science at a particular level and directly influences 

teachersô decision making related to their instruction as it is obvious from the 

figure 2. There is a reciprocal relationship between STO and the other PCK 

components (KoC, KoL, KoIS, and KoA). Magnusson et al. (1999) defined 

several STO and accompanying instructional strategy. For instance, a teacher 

with a didactic orientation presents information through lecturing or 

discussion, and students are expected to know the facts of science or a teacher 

with an inquiry orientation engages students in defining and investigating 

problems, drawing conclusions, and assessing the validity of conclusions. 

Magnusson and colleagues argued that teachers might use the same 

instructional strategies but the purpose of implementation it determines a 

teacherôs orientation. 

2. KoC includes two sub-components as mandated goals and objectives, and 

specific curricular programs. While the former refers to teachersô knowledge 

about the curricular goals and objectives in the topic they teach for and the 

vertical curriculum (what students have learned in previous year and what 

they are expected to learn in the next year in the same topic), the latter refers 

to teachersô knowledge about the curricular programs and materials 

appropriate for teaching a specific domain or topic.   

3. KoL includes two sub-components as requirements of science learning and 

areas of student difficulty. The former refers to teachersô knowledge what 

pre-requisite knowledge, skills and abilities are needed for students to learn 

the target topic as well as studentsô learning style differences while the latter 

includes teachersô knowledge about the difficulties and misconceptions of 

students in a particular topic.  

4. KoIS includes two sub-components as subject specific instructional strategies 

and topic specific strategies. Subject-specific strategies are the ones used for 

teaching science (e.g., conceptual change, inquiry, problem based learning). 

Teachers should know how to employ them in their class. Topic specific 
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strategies are the representations (e.g., illustrations, examples, models, or 

analogies) and activities (e.g., problems. demonstrations, simulations, 

investigations, or experiments) that help students to comprehend the specific 

topic and these strategies differ from topic to topic.  

5. KoA includes two sub-components as teachersô knowledge on what to assess 

and how to assess it. What to assess refers to teachersô knowledge on learning 

outcomes that need to be assessed throughout or end of the instruction. For 

instance, a teacher with a process orientation assesses studentsô scientific 

process skills as well as their knowledge on the topic. How to assess is the 

teachersô knowledge on various assessment methods used for assessing what 

needs to be assessed. 

Magnusson et al. (1999) concluded their study with several arguments about 

the nature of PCK. These arguments are as; 

 ...components that are shown indicate that there are different types of subject-

specific pedagogical knowledge that are used in teaching science. Within 

each component, teachers have specific knowledge differentiated by topic, 

although they might not have similarly elaborated knowledge in each topic 

area (p. 115). 

 Successful teachers are expected to develop all PCK components in all the 

topics. 

 There should be coherence among all the components and development of a 

single component is not sufficient for a change in teachersô practice. 

 A teacherôs PCK in a topic might be different from another teacherôs PCK in 

the same topic and even a teacher might have different PCK in different 

topics. 

All the efforts defining PCK mostly focused on what constitutes the PCK. 

Related to formation of PCK some argued that several knowledge bases were 

transformed into a new form of knowledge which is PCK (Shulman, 1987; 

Magnusson et al., 1999).  However, Gess-Newsome (1999) brought a different 

perspective on this issue by recommending a continuum and transformative and 

integrative PCK constitutes the two extremes on this continuum (see Figure 3). 

According to integrative model PCK does not exist and teacher integrates SMK, PK, 
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and KoCx during his/her teaching. Transformative one implies that PCK is the new 

knowledge formed as a result of transformation of SMK, PK, and KoCx. She used an 

analogy from chemistry to better explain the two models. Integrative model is like a 

mixture of which the components can be separated while transformative one is like a 

compound of which the components lost their initial properties. There should be fluid 

integration of all components in an expert teacherôs practice from the integrative 

perspective and on the other hand, an expert teacher should possess PCK for all the 

topics in transformative model. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) Integrative model, (b) Transformative model (Gess-Newsome,1999, p. 

12) 
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implicitly. For instance, Shulman (1986) advocated that there should be an 
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topic, although they might not lave similarly elaborated knowledge in each 

topic area (p. 115).  

 Although both Shulman (1986) and Magnusson et al. (1999) mentioned about 

subject-specific and topic-specific pedagogical knowledge, they did not elaborate 

upon what they mean by these two. The first step in resolving the issue of nature of 

PCK was taken by Veal and MaKinster (1999). By utilizing from the literature, they 

came up with a scheme reflecting the hierarchical order among different PCK models 

beginning from general PCK and ending with topic-specific PCK (see Figure 4).  

 

Figure 4. PCK Taxonomy proposed by Veal and MaKinster (1999) 
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 Pedagogy is the broadest of all the PCKs and refers to knowledge on general 

teaching, assessment, evaluation, management, reinforcement, and etc. It is not 

specific to any discipline, domain, or topic and broadly applicable to all. General 

PCK was defined as the PCK relevant for different disciplines (e.g., science, 

mathematics, history). For instance, Magnusson et al. (1999) acknowledged that a 

science teacher should know teaching strategies specific to science such as learning 

cycle, problem-based learning, conceptual change, and etc. Different disciplines 

might use the same teaching strategy but the use and implementation of them are 

specific to the discipline. Domain-specific PCK is more specific than general one 

since it deals with the issues of teaching one of the domains (e.g., chemistry) in a 

discipline (e.g., science). There are variations in teaching strategies, laboratory 

activities, and assessment methods that are used by different disciplines in the same 

domain. But the purpose and tools are specific to the domain. Although the topic-

specific PCK seems the most specific category among the others, a teacher who has 

this type of PCK could have the general, domain, and discipline-specific PCK. Veal 

and MaKinster (1999) argued that although there were some overlapping topics 

among different domains in science (e.g., heat and temperature), the representation of 

content in terms of the way and the degree indicates differences. For instance, while 

chemistry teachers prefer to use kinetic molecular theory, physics teachers prefer to 

use the concept of transferred heat when explaining the temperature. Topic-specific 

PCK implies that a teacher might have different PCK in different topics. Considering 

the differences in the nature, studentsô understandings, organization of the 

curriculum, teaching strategies, and assessment methods with respect to different 

topics it is expected that a teacher cannot have the same PCK across all topics s/he is 

teaching. For instance, a chemistry teacherôs PCK in mole topic might be different 

from his/her PCK in chemical equilibrium topic.  

 After the work of Veal and MaKinster (1999), a few studies provided their 

arguments on the nature and types of PCK. Some researchers (Davis et al., 2008; 

Davis & Krajcik, 2005) advocated that teachers should possess discipline specific 

PCK as well as topic-specific one. They further explained that ñ[t]eachers must know 

how to help students understand the authentic activities of a discipline, the ways 

knowledge is developed in a particular field, and the beliefs that represent a 
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sophisticated understanding of how the field worksò (p. 5). Moreover, they claimed 

that a science teacher must have discipline-specific PCK and this PCK would allow 

him/her to engage his/her students in the process of scientific inquiry and more than 

that to help his/her students understand the scientific enterprise itself that is NOS. 

Similarly, Davis and colleagues (2008) defined PCK for scientific modeling as ñé 

incorporates knowledge of instructional strategies that can promote students' 

engagement in modeling practices and learning of metamodeling knowledge. é also 

incorporates teachers' knowledge of their students' ideas and the challenges students 

face, again associated with modeling practices and metamodeling knowledgeò (p. 6). 

Davis and Krajcik (2005) acknowledged that teachers should have all the 

components (KoIS, KoL, STO, KoA, and KoC) in their discipline-specific PCK. 

 PCK has been an important concern in education community especially 

among the ones interested in teacher education. Much effort has been placed on the 

components of PCK (Cochran et al., 1991; 1993; Grossman, 1990; Magnusson et al., 

1999; Shuman, 1986; 1987; Tamir, 1988) while the nature and different types of 

PCK took less attention (Davis & Krajcik, 2005; Davis et al., 2008; Gess-Newsome; 

1999; Veal & MaKinster, 1999). Since PCK for NOS is the concern for this study, 

one might ask which one can fully explain the nature and component of PCK for 

NOS and also which model can be used for research on explaining teachersô 

successful translation of NOS understanding into their classroom. In the following 

PCK for NOS part, I will seek for the answers given to this question and explain the 

PCK model that guided our study. 

 

2.5. Pedagogical Content Knowledge for Nature of Science 

 

 PCK for NOS has been pointed out by science education community as one 

of the impeding factors affecting teachersô successful translation of their NOS 

understandings into their classroom (Abd-El-Khalick & Lederman, 2000a;  Akerson 

& Volrich, 2006; Hanuscin et al., 2011; Lederman et al., 2001; Ochanji, 

2003;Schwartz & Lederman, 2002; Wahbeh, 2009). Moreover,  the task of designing  

professional development programs, helping teachers in developing and revising 

existing materials and enabling them to develop PCK for NOS considering all sub-
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dimensions namely STO, KoL, KoIS, KoA, and KOC, was assigned to science 

teacher educators (Akerson & Abd-El-Khalick, 2003; Akerson &Volrich, 2006; 

Hanuscin & Hian, 2009; Hanuscin et al., 2011; Schwartz & Lederman, 2002).  

 Lederman (1998) sees NOS as a topic in science and this shows the necessity 

for a conceptualization of PCK for NOS. When we apply the concept of PCK to 

NOS, it includesé 

é an adequate understanding of various aspects of NOS, knowledge of a 

wide range of related examples, activities, illustrations, explanations, 

demonstrations, and historical episodes. These components would enable the 

teacher to organize, represent, and present the topic for instruction in a 

manner that makes target aspects of NOS accessible to precollege students. 

Moreover, knowledge of alternative ways of representing aspects of NOS 

would enable the teacher to adapt those aspects to the diverse interests and 

abilities of learners (Abd-El-Khalick & Lederman, 2000, p. 692). 

In other words, a teacher with a sufficient PCK for NOS is able to transform 

her knowledge about NOS into a form which ensures studentsô meaningful NOS 

learning. After this definition, in a study where Schwartz and Lederman (2002) 

investigated knowledge, intentions, and instructional practices of two beginning 

science teachers during their learning and teaching NOS, a model for PCK for NOS 

(see figure 5) and a model ensuring successful translation of NOS understanding into 

classroom practice were proposed. 

 

 

 

 

 

 

 

 

 

Figure 5. PCK for NOS (Schwartz & Lederman, 2002, p. 232) 
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Schwartz and Lederman (2002) conceptualized PCK for NOS as a blending 

of SMK, NOS knowledge, and PK. However, they did not elaborate how these 

individual components blend and form PCK for NOS. Moreover, how one can decide 

whether a science teacher has a well-developed PCK for NOS or not is not clear from 

their definition since the knowledge and skills of a teacher with PCK for NOS was 

not explicitly defined. Schwartz and Lederman emphasized that ñFor teachers to 

successfully address NOS, attention must be given to the development of 

ñtraditionalò subject matter knowledge, NOS knowledge, and pedagogy as well as 

the interaction among these domainsò (p. 232). With respect to PK, they addressed 

the necessity of knowledge of history of science (HOS), scientific inquiry, and 

related pedagogical approaches for teaching NOS. Although Schwartz and Lederman 

(2002) provided a little explanation about pedagogy, from their definitions it seems 

that they did not consider NOS assessment, studentsô learning difficulties and 

misconceptions about NOS, and mandated NOS goals and objectives in their 

definition of pedagogy. On the other hand, they took attention to the necessity of 

further research on how SMK, NOS, and pedagogy contribute to emergence of PCK 

for NOS. 

Schwartz and Lederman (2002) viewed PCK for NOS as necessary but not 

sufficient for ensuring teachersô successful NOS teaching practices. Teachersô beliefs 

and intentions are the other components that complement the PCK for NOS (see 

Figure 6). Beliefs were defined as teachersô beliefs in their abilities to teach NOS 

(NOS teaching self-efficacy) and studentsô ability to learn NOS (outcome 

expectancy). Intentions referred teachersô setting teaching NOS as an instructional 

learning goal purposefully for themselves.   
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Figure 6. A model of the requirements for teaching NOS (Schwartz & 

Lederman, 2002, p. 233) 

 

Kim et al. (2005) utilized a framework treating development of PCK for NOS 

as a continuum (Level 1-implicit, Level 2-didactic, and Level 3-explicit and 

reflective) in their attempt for investigating in-service teachersô pedagogical 

knowledge for teaching NOS throughout microteaching sessions. Ten participants 

had Level 1 PCK for NOS which means they included NOS objectives in their lesson 

plans but did not incorporate these objectives in their teaching. Twelve participants 

in Level 2 PCK for NOS addressed NOS in their teaching compared to Level 1 

participants. However, these 12 participants preferred to make didactic explanation 

about NOS without explicit-reflective discussions right after completion of their 
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teaching activity. Finally, 39 of 70 participants were categorized as Level 3 PCK for 

NOS and explicit-reflective NOS discussions together with assessment attempts were 

evident in their lesson plans. Kim et al. (2005) using the data of their own elaborated 

Schwartz and Ledermanôs (2002) PCK for NOS model. With regard to SMK, they 

emphasized the need for an understanding of scientific concept such as historical 

development of that concept and NOS-specific PK knowledge of the differences 

between an implicit and explicit approach and between a didactic and an explicit-

reflective approach was necessary. 

Utilizing the two PCK for NOS models proposed Schwartz and Lederman 

(2002), Jenny (2011) conducted a case study with five teachers in order to investigate 

their intentions to teach NOS, beliefs, and PCK for NOS. She categorized teachersô 

PCK for NOS into three as the beginning, developing, and experienced stages. Two 

of the teachers were in the beginning stage category and they focused on 

communication of NOS aspects by using the activities they learned from textbooks 

or teacher trainings without considering studentsô learning. One teacher in the 

developing stage designed their own instruction and considered studentsô difficulties 

and misconceptions about NOS. Two teachers in the experienced stage were able to 

design their own NOS teaching, revise existing materials for teaching NOS, and 

integrate NOS into their teaching even without purposefully plan to teach it. 

Moreover, these teachers considered studentsô needs, abilities, difficulties, and 

misconceptions more compared to the developmental stage teachers and collected 

continuous feedbacks on studentsô learning throughout their instruction. Jenny 

(2011) proposed the components essential for PCK for NOS as SMK, NOS 

knowledge, PK, knowledge of HOS, knowledge of students, knowledge of purpose 

of NOS attempts, and KoA and further emphasized the integration among these 

components for effective NOS instruction. Knowledge of students, knowledge of 

purpose of NOS attempts, and knowledge of assessment were the new components 

added to Schwartz and Ledermanôs (2002) model and integration was recognized by 

Jenny (2011) which was not mentioned by Schwartz and Lederman (2002). When a 

closer look was taken to the components proposed by Jenny (2011), the similarity 

between those components and Magnusson et al.ôs (1999) components could be seen. 

For example, knowledge of students proposed by Jenny (2011) refers to KoL in the 
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Magnuson at al.ôs model. In the same vein, knowledge of purpose of NOS attempts 

refers to STO, and knowledge of assessment is similar to KoA. 

Different than the previous studies, some researchers preferred to use an 

already existing PCK models (e.g., Magnusson et al., 1999) by adapting it for NOS. 

Based on Magnusson et al.ôs (1999) study claiming that their PCK model for science 

teaching is modifiable,  Hanuscin and Hian (2009) and Hanuscin et al. (2011) used 

different contexts for investigating the PCK for NOS development; the former used 

mentor-mentee relationship and the latter used a professional development program 

where teachers learned about NOS and importance of NOS. First of all, both study 

supported the applicability of Magnusson et al.ôs (1999) model as a lens for research 

on PCK for NOS. Also, the uneven development of PCK components (STO, KoIS, 

KoL, KoA, and KoC) was evident in their conclusions; that is, although mentee 

developed her KoIS for NOS, she did not develop KoL relevant to NOS (Hanuscin & 

Hian, 2009) and participants of professional development program developed KoIS 

but did not develop KoA (Hanuscin et al., 2011). Both studies emphasized that 

professional development efforts could be more effective by helping teachers to 

develop all PCK for NOS components instead of addressing some components. Also, 

the need for research on interplay among PCK for NOS components was highlighted 

(Hanuscin et al., 2011). A recent study (Faikhamta, 2012) responded that call and 

investigated in-service science teachersô NOS understanding and STO within a PCK-

based NOS course. PCK-based NOS course was framed based on the PCK for NOS 

model adapted by Hanuscin et al. (2011) using Magnusson et al.ôs PCK model. 

Throughout the course teachersô NOS understanding was addressed by explicit-

reflective content-generic (e.g., mystery cube) and content-embedded activities (e.g., 

collision theories). Moreover, the course included some sessions on STO, KoIS, 

KoL, KoA, and KoC and analysis of the results showed that although in-service 

teachers had naµve and partially informed ideas about several NOS aspects (e.g., laws 

and theories, and tentativeness) before the course they improved their understanding 

into more informed views. With regard to change in STO that in-service teachers 

experienced, project-based science, process, and guided-inquiry were the most 

prevalent orientations considering the Magnusson et al.ôs orientation categorization. 

After PCK-based NOS course, there were decreases in those orientations and the 
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participants developed inquiry orientation. Although Faikhamta (2012) addressed all 

PCK for NOS components in the course, she did not analyze the all PCK components 

but STO and the integration among those. 

Although the literature provides examples of several frameworks for 

investigating PCK for NOS, Pongsanon, Akerson, Rogers, and Weiland (2011) 

examined preservice teachersô PCK for NOS was shaped by collaborative planning, 

teaching, and reflective practice for which they called ñlesson study.ò Pongsanon et 

al. (2011) mentioned about the degree of inclusion of NOS objectives in their 

planning and explicit attempts to teach NOS without considering student, 

assessment, and curriculum dimension. 

In a recent study, Abd-El-Khalick (2012) decribed teacher knowledge 

domains for teaching with and about NOS and proposed a model including 

knowledge domains ensuring teachersô success in addressing NOS in their 

instructions. According to this model, NOS understanding, inquiry pedagogical skills 

and understanding, and science content understanding intersect to form PCK for 

NOS or what they called as NOS PCK. Moreover, the reciprocal interaction between 

any two of those requires teachers to have and enact those interactions in their 

teaching. Teachersô science content understandings refers to deep and integrated 

understandings of science content .Inquiry pedagogical skills and understanding 

includes two sub-dimensions as (a) enacting student-centered and inquiry teaching, 

and (b) appreciating, assessing, and monitoring changes in, studentsô conceptions of 

NOS The intersection between science content understanding and inquiry 

pedagogical skills and understanding.forms a new knowledge domain which is 

inquiry as instructional means. It deals with teacher understandings and skills related 

to teaching science content by using inquiry as an instructional method. The last 

dimension, NOS understanding, includes teachersô NOS conceptions approoriate to 

national reform documents. Moreover, it is not sufficient to ensure successful NOS 

teaching and three sub-domains of NOS understandings are needed. The first is 

understanding that NOS and inquiry are not the same while related and called as 

reciprocity of NOS and inquiry.The other sub-diemnsion of NOS understanding is is 

content-situated or domainspecific NOS understandings and refers to knowing which 

NOS conceptions are more germane to teaching within a specific topic (e.g., teaching 
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nature of models in atom). This last dimension, HPSS, dimension is the knowledge 

of the historical, philosophical, psychological, and/or sociological aspects of the 

development of scientific knowledge.  

 

 

Figure 7. Teacher knowledge domains for teaching with and about NOS 

(Abd-El-Khalick, 2012) 

 

 

To summarize, there are variety of studies on PCK for NOS; while some 

developed their own PCK for NOS model (Abd-El-Khalick, 2012; Jenny, 2011; Kim 

et al., 2005; Schwartz & Lederman, 2002), the others modified an already existing 

PCK model (Magnusson et al., 1999) for investigating PCK for NOS (Faikhamta, 

2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011), and few did not use a 

framework although they focused on PCK for NOS examination (Pongsanon et al., 

2011). PCK for NOS models neither proposed nor modified by the researchers 
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shared some common elements as KoL, KoA, KoIS, and STO. These components 

strengthened the Magnusson et al.ôs (1999) model as a lens for research on NOS and 

this model guided our research in designing our PCK for NOS instruction and 

monitoring development of pre-service chemistry teachersô PCK for NOS. 

Another important issue that needs to be considered is the nature of PCK for 

NOS. Although PCK literature has provided several arguments on different kinds of 

PCK (general, domain or discipline-specific, and topic-specific PCK), none of the 

PCK for NOS studies aforementioned sought for the answer of ñWhich PCK 

category can fully explain the nature of PCK for NOS?ò Based on literature, several 

arguments could be proposed. Utilizing the PCK taxonomies proposed by Veal and 

Makinster (1999) some might think that PCK for NOS is general PCK since it deals 

with knowledge and skills related to teaching science. Some others might see NOS as 

a topic in science and argue that PCK for NOS is topic specific (Hanuscin & Hian, 

2009; Hanuscin et al., 2011; Lederman, 1998). NOS can be taught using content 

generic activities and topic-specific PCK have the potential to explain teachersô NOS 

teaching practice. On the other hand, NOS can be taught using content-embedded 

activities and one science teacher may teach the same aspects (e.g., nature of 

theories) when teaching different topics in a discipline (e.g., atom theories and 

kinetic molecular theory). At this situation topic-specific nature may not fully 

explain the way this teacherôs NOS teaching attempt in two topics. Davis et al.ôs 

(2008) arguments resolved the issue at this point; ñé[w]hile PCK is typically 

conceptualized as topic-specific, teachers also need discipline-specific knowledge 

about how a discipline worksò (p. 6). In their definition of PCK for disciplinary 

practices, Davis and Krajcik (2005) elaborated that teachers should have knowledge 

and skills that help students in understanding the discipline itself and when applied to 

science understanding the scientific endeavor it implies that teachers have PCK for 

NOS. The arguments on nature of PCK for NOS formed based on PCK literature 

should be supported by empirical research and moreover, there is a need for research 

on different types of PCK (e.g., general, discipline-specific, and topic specific) in 

order to deepen our understanding on science teacher knowledge (Abell, 2008). This 

study fills the gap in the literature in this regard. 
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2.6. Summary of the Literature Review 

 

 Development of pre-service chemistry teachersô STO, KoL, KoIS, and KoA 

and the nature of their PCK for NOS were investigated in this study. Therefore, 

literature was reviewed under the headings of NOS, teachersô understanding of NOS, 

factors affecting teachersô translation of their NOS understanding into class, PCK, 

and finally PCK for NOS.  

 NOS came into prominence in science education reform movements because 

of its contribution to an individualôs SL (AAAS, 1993; Bauer, 1995; Layton et al., 

1994; NRC, 1996; Shamos, 1995). After that point, stakeholders of science 

especially science educators tried to find the answers of what is NOS? What level of 

NOS understanding is necessary for students? and Which NOS aspects should be 

learned by students? Although the lack of clear-cut NOS definition accepted by all 

interested in NOS (Abd-El-Khalick & Lederman, 2000), there are some NOS aspects 

on which NOS related people reached a consensus by recognizing their essentiality 

for achieving scientifically literate citizenry. NOS refers to the epistemology and 

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

to scientific knowledge and itsô development (Lederman, 1992). Various efforts were 

made in defining what constitutes NOS and which aspects provide a more coherent 

NOS understanding (Alters, 1997; AAAS, 1989; Irzēk & Nola, 2011; Kimball, 1968; 

Matthews, 1998; MccOmas, 1998; McComas & Olson, 1998; Osborne et al., 2003; 

Rubba & Anderson 1978; Smith et al., 1997; Smith & Scharmann, 1999) for students 

to achieve SL. Although there have been some disagreements on a specific definition 

on NOS, there are some agreed upon important aspects of NOS which is relevant and 

accessible to K-12 (Abd-El-Khalick, Bell & Lederman, 1998; Lederman & Abd-El-

Khalick, 1998; McComas & Olson, 1998; Osborne et al., 2003; Smith &Scharmann, 

1999). The following aspects constituted our understanding of NOS and reflect the 

contemporary understanding on NOS as defined by literature. 

 Scientific knowledge is tentative. 

 Science is based on observations and experiment.  

 Scientific knowledge is based on inferences as well as observations.  

 Scientific theories and laws have different roles in science.  
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 Scientific knowledge is theory-laden and includes subjectivity.  

 Creativity and imagination plays a major role in science.  

 Social and cultural factors affect science.  

 Science and technology is not the same thing.  

 There is no universal and step by step scientific method.  

 Serendipity plays a role in science.  

 Teachersô NOS understanding refers to their SMK in this study and is a pre-

requisite for a well-developed PCK for NOS (van Driel et al., 1998).Therefore, after 

defining our understanding of NOS, the next step was to portray a clear picture of 

what teachers know about targeted NOS aspects. The efforts in examining what both 

pre- and in-service teachers know about NOS differed in the participants (e.g., 

elementary, elementary science, secondary science, pre-service, and in-service 

teachers) and the tools used for assessing teachersô NOS understanding (e.g., 

qualitative and quantitative). Whatever the tools they used or whoever the 

participating teachers, the results of these studies indicated that teachers do not have 

informed NOS understanding and moreover they have several misconceptions in 

NOS (Abd-El-Khalick & BouJaoude, 1997; Akerson et al., 2008; Aslan, 2009; 

Ayvaci & Er Nas, 2010 Brown et al., 2006; Chen, 2001; Doĵan, 2005; Doĵan et al., 

2011; Erdoĵan, 2004; G¿rses et al.,, 2005; Haidar, 1999; Lederman, 1992; Liang et 

al. 2008; Liu & Lederman, 2007; Murcia & Schibeci, 1999; ķahin et al., 2006; 

Tairab, 2001; Thye & Kwen, 2003; Yalva­ et al., 2007) such as the purpose of 

science is to achieve abstract truth, scientific knowledge is absolute where the 

knowledge in other fields is not, experiments are crucial to reach scientific 

knowledge, with the proof theories become laws, theories can change while laws 

cannot, and the role of creativity and imagination is less than the scientific method 

itself. 

 Realizing the teachersô inadequate NOS understandings, science educators 

directed their attempts to improve teachersô conceptions of NOS as well as to 

improve studentsô NOS conceptions since they assumed that teachers with an 

adequate NOS understanding is able to translate his/her understanding into the 

classroom teaching. The efforts, aiming to improve teachersô NOS conceptions, 

could be categorized as implicit and explicit to NOS instruction (Abd- El-Khalick & 
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Lederman, 2000a). Advocates of implicit approach believed that students can learn 

NOS by engaging in authentic science activities without any connection to NOS 

while explicit approach advocated that enhancing learnersô conceptions of NOS 

should be planned for and certain aspects of NOS should be made explicit in any 

attempt. After recognizing the effectiveness of explicit approach, science educators 

made some progress in enhancing teachersô NOS conceptions (Akerson et al., 2000; 

Abd-El-Khalick & Lederman, 2000b; Lin & Chen, 2002). However, subsequent 

researches indicated that teachers were not able to directly translate their informed 

NOS understandings into their teaching (e.g., Brickhouse, 1990; Brickhouse & 

Bodner, 1992; Hodson, 1993). To reveal the factors that resulted in the absence of 

clear-cut relationship, several studies conducted with pre-service and in-service 

teachers using mostly qualitative sources throughout their NOS teaching attempts. 

The associated factors with teachersô NOS teaching practices as evidenced by the 

literature are as follows; 

 Teachersô beliefs and intentions (Abd-El-Khalick & Akerson, 2003; Bell et 

al., 2001; Herman, 2010; Lederman, 1999; Lederman et al., 2001; Sweeney, 

2010) 

 Classroom management (Abd-El- Khalick et al.,1998; Hodson, 1993; 

Lederman, 1999; Lederman et al., 2001; Ochanji, 2003) 

 Pressure to cover science content covered in curriculum (Aslan, 2009; 

Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al., 2001; Ochanji, 

2003; Koehler, 2006) 

 Pressure from co-operating teachers and parents (Abd-El-Khalick et al., 1998; 

Aslan, 2009; Bell et al., 2000; Ochanji 2003, Koehler, 2006) 

 Lack of SMK (Brickhouse & Bodner, 1992; Hodson, 1993; Lederman et al., 

2001; Schwartz & Lederman, 2002; Wahbeh, 2009) 

 Inadequate NOS understanding (Abd-El-Khalick et al., 1998; Akerson et al., 

2009;  Lederman, 1999; Lederman et al., 2001; Ochanji, 2003; Schwartz & 

Lederman, 2002) 

 Time restrictions (Abd-El-Khalick et al., 1998; Bell et al., 2000; Brickhouse 

& Bodner, 1992; Hodson, 1993; Koehler, 2006) 
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 Absence of resources and experience for teaching NOS (Abd-El-Khalick et 

al., 1998; Akerson et al., 2010; Bell et al., 2000; Brickhouse & Bodner, 1992; 

Hodson, 1993; Lederman, 1999; Lederman et al., 2001; Wahbeh, 2009) 

 Confusing NOS with scientific inquiry (Bell et al., 2000; Ochanji 2003; 

Koehler, 2006) 

 Concern for studentsô abilities to learn NOS (Koehler, 2006; Sweeney, 2010) 

 Undeveloped PCK for NOS (Abd-El-Khalick & Lederman, 2000a;  Akerson 

& Volrich, 2006; Hanuscin et al., 2011; Lederman et al., 2001; Ochanji, 

2003;Schwartz & Lederman, 2002; Wahbeh, 2009) 

 Feeling responsibility for teaching NOS (Herman, 2010) 

 Low self efficacy for teaching NOS (Akerson et al., 2009; Schwartz & 

Lederman, 2002) 

 Presence of state wide tests (Aslan, 2009; Brickhouse & Bodner, 1992; 

Koehler, 2006) 

 Absence of NOS in curriculum to be followed (Akerson et al., 2009; Akerson 

et al., 2010; Koehler, 2006; Lederman et al., 2001) 

Among the factors listed above PCK for NOS is the one that science 

educators might help both pre-service and in-service teachers by designing courses 

and trainings that stimulate the development of PCK. Moreover, the need for 

designing professional development programs that help teachers to develop and 

revise existing materials and enable them to develop PCK for NOS considering all 

sub-dimensions namely STO, KoL, KoIS, KoA, and KoC has been well documented 

(Akerson & Abd-El-Khalick, 2003; Akerson &Volrich, 2006; Hanuscin & Hian, 

2009; Hanuscin et al., 2011; Schwartz & Lederman, 2002). Also, the area of PCK for 

NOS requires increasing number of studies (Lederman et al., 2001), especially the 

ones using an explicit PCK framework (e.g., Magnusson et al., 1999). PCK is the 

knowledge that differentiates a scientist from a science teacher (NRC, 1996) and was 

first conceptualized by Shulman (1986). PCK, was defined as ñé.knowledge, which 

goes beyond knowledge of subject matter per se to the dimension of subject matter 

knowledge for teachingò (p. 8). After the work of Shulman (1986), more research 

was conducted on the components and nature of PCK (Davis et al., 2008; Davis & 

Krajcik, 2005; Gess-Newsome, 1999; Grossman, 1990; Shulman, 1987; Tamir, 1988; 
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Cochran et al., 1993; Magnusson et al., 1999; Veal & MaKinster, 1999). Following 

the recognition of PCK bin 1980s, science educators conceptualized PCK for NOS in 

2000s as including  

é an adequate understanding of various aspects of NOS, knowledge of a 

wide range of related examples, activities, illustrations, explanations, 

demonstrations, and historical episodes. These components would enable the 

teacher to organize, represent, and present the topic for instruction in a 

manner that makes target aspects of NOS accessible to precollege students. 

Moreover, knowledge of alternative ways of representing aspects of NOS 

would enable the teacher to adapt those aspects to the diverse interests and 

abilities of learners (Abd-El-Khalick & Lederman, 2000, p. 692). 

Although, literature provides various models for PCK, some researchers 

preferred to construct their own model for investigating teachersô NOS teaching 

attempts (Abd-El-Khalick, 2012; Jenny, 2011; Kim et al., 2005; Schwartz & 

Lederman, 2002) and very few utilized an already existing PCK model (Magnusson 

et al., 1999) by modifying it from the perspective of NOS teaching (Faikhamta, 

2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011). Magnusson et al.ôs (1999) 

PCK model was originally proposed by science teaching and has an adaptable nature 

for different topics in science. These researchers using Magnusson et al.ôs  model 

provided evidence for the applicability of this model as a lens for research on NOS 

teaching  (Faikhamta, 2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011). In this 

study, Magnusson et al.ôs (1999) PCK model by modifying it for NOS was used in 

this study when designing PCK for NOS instruction and analyzing the data. 

Although several studies considered what constitutes PCK for NOS (Faikhamta, 

2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011; Jenny, 2011; Kim et al., 2005; 

Schwartz  & Lederman, 2002), they did not provide their arguments explicitly about 

the nature of PCK for NOS. Based on the literature on PCK some may advocate that 

PCK for NOS is a general PCK (Veal & MaKinster, 1999), some may claim that it is 

topic-specific (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Lederman, 1998), and 

the others may provide their arguments in favor of discipline-specific nature of PCK 

for NOS (Davis & Krajcik, 2005; Davis et al., 2008). The nature of PCK for NOS is 

an area that needs further investigation and   ñVirtually no research has used the PCK 
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perspective, which was so heavily researched during the 1990s, as a lens for research 

on the teaching of NOS.ò (Lederman, 2007, p. 870).  Moreover, the interplay among 

various components of PCK for NOS should be investigated (Abell, 2008; Hanuscin 

et al., 2011). This research fills the gaps in the literature in these respects by 

examining how pre-service chemistry teachersô PCK for NOS components (STO, 

KoL, KoIS, and KoA) changed throughout a course in which enhancing teachersô 

NOS understanding and PCK for NOS were the main focus. 

 

2.7. The Present Study 

 

An important question that needs to be considered is ñWhat is the place of our 

theoretical framework for PCK for NOS among the ones already exist in literature?ò 

Literature provided several frameworks for PCK for NOS; some of them were 

developed by researchers (Abd-El-Khalick, 2012; Abd-El-Khalick & Lederman, 

2000; Jenny, 2011; Kim et al., 2005; Schwartz & Lederman, 2002), another was 

modified using an already existing PCK model, Magnusson et al., 1999, (Faikhamta, 

2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011), and one was defined as degree 

of integrating NOS in lesson plans (Pongsanon et al., 2011). Although they may 

seem as different frameworks, when examined more closely these frameworks shared 

some shared elements (see table 4). Moreover, these elements constitute the 

components of PCK proposed by Magnusson et al. (1999). 
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Table 4. PCK for NOS frameworks in literature with their components 

 

 

 

 

 

 

 

 

Components 

PCK for NOS Models 

Abd-El-

Khalick & 

Lederman 

(2000) 

Schwartz 

& 

Lederma

n (2002) 

Kim  

et al., 

2005 

Jenny 

(2011) 

Faikhamta, 

2012; 

Hanuscin & 

Hian, 2009;  

Hanuscin et 

al., 2011 

 

Abd-El-

Khalick, 

2012 

 

 

 

NOS  X X X X X X 

SMK   X X X X X 

PK   X X X X  

STO  X X X X  

KoIS X X X X X X 

KoL  X   X X X 

KoC     X  

KoA    X X X 

HOS  X X X X X 

 

 

 In this study, Magnusson et al.ôs (1999) model guided me in designing the 

PCK for NOS instruction and analyzing the data (see Figure 8). There were several 

reasons for this; firstly, Magnusson et al.ôs (1999) model has an additional feature 

that goes beyond the PCK components. Magnusson et al. did not see their model just 

as a collection of the proposed components namely STO, KoL, KoIS, KoC, and 

KoA. Moreover, they emphasized that teachers should have all PCK components and 

a teacherôs PCK highly depends on to what degree the components are integrated and 

coherent, which was also recognized by others (Friedrichsen et al., 2009; Park & 

Oliver, 2008a). This nature was not considered by other PCK models in literature 

although they include some components of Magnusson et al.ôs (1999) model as 

indicated above (table 4). In this study, I considered not only the components but 

also the integration and coherence among the components in analyzing the data and 
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deciding the quality of participantsô PCK for NOS. Secondly, researchers using 

Magnusson et al.ôs  model provided evidence for the applicability of this model as a 

lens for research on NOS teaching  (Hanuscin & Hian, 2009; Hanuscin et al., 2011). 

Thirdly, I tried to fill the gap ,in literature by responding the need for designing 

professional development programs enable teachers to develop PCK for NOS 

considering all sub-dimensions namely STO, KoL, KoIS, KoA, and KOC has been 

well documented (Akerson & Abd-El-Khalick, 2003; Akerson &Volrich, 2006; 

Hanuscin & Hian, 2009; Hanuscin et al., 2011; Schwartz  & Lederman, 2002). 

 

Figure 8. PCK for NOS model, modified using Magnusson et al.ôs (1999) PCK 

model, guiding this study 

 

 

All the PCK components except KoC were addressed in this study since KoC 

was not relevant to Turkey context in terms of NOS. First of all, there are no specific 
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NOS objectives in secondary chemistry curriculum. Also, lack of specific 

curriculums and materials for teaching NOS in Turkey leaded us to exclude KoC and 

to focus on four which are STO, KoL, KoIS, and KoA from the perspective of NOS 

teaching. How these components addressed throughout our PCK for NOS instruction 

and analyzed will be explained in detailed in Chapter 3. 
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CHAPTER III  

 

 

METHODOLOGY  

 

 

 

This study mainly focused on how pre-service chemistry teachersô PCK for 

NOS including STO, KoL, KoIS, and KoA developed throughout PCK for NOS 

instruction. This chapter will provide information about the methods and procedures 

that were used in the study under the several subtopics. First of all, research design 

and the rationale for the research design will be discussed. Then, participants, 

procedure, context, data collection methods, and data analysis procedures will be 

designated. Finally, validity and reliability issues, ethical considerations, 

assumptions and limitations will be presented. 

 

3.1. Research Questions 

 

The main research question of the study was: 

How is pre-service chemistry teachersô PCK for NOS including STO, KoL, 

KoIS, and KoA developed throughout PCK for NOS instruction? 

The sub-problems of this study were: 

1. What kinds of views do the preservice chemistry teachers have on the nature 

of science concepts before explicit-reflective NOS instruction? 

2. What kinds of views do the preservice chemistry teachers have on the nature 

of science concepts after explicit-reflective NOS instruction? 

3. Which components of PCK for NOS do pre-service chemistry teachers 

develop throughout PCK for NOS instruction? 

4. How and to what degree do pre-service chemistry teachers integrate the 

components of their PCK for NOS?  

5. How and to what degree do pre-service chemistry teachers translate PCK 

components into their lesson plans? 
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6. How are pre-service chemistry teachers' NOS understanding and their PCK 

for NOS related? 

7. Which PCK model (general PCK, discipline-specific PCK, or topic specific 

PCK) best explains the nature of PCK for NOS? 

 

3.2. Research Design and Rationale  

 

This research is qualitative-interpretive in nature. Marshall and Rossman 

(2006, p. 53) emphasized the strengths of qualitative methodology for several types 

of research; 

 Research that elicits tacit knowledge and subjective understandings and 

interpretations, 

 Research on little-known phenomena or innovative systems 

 Research that cannot be done experimentally for practical or ethical 

reasons, and 

 Research that delves into complexities and processes. 

The main concern of this study was to understand how pre-service chemistry 

teachers developed and translated various PCK components (STO, KoL, KoIS, and 

KoA) throughout the PCK for NOS instruction. Tacit nature of PCK has been well 

documented in the related PCK literature (Loughran, Mulhall, & Berry, 2004; 2008; 

Loughran & Berry, 2010). Therefore, qualitative methodology helped to make tacit 

nature of PCK for NOS explicit by the use of multiple data sources (e.g., lesson 

plans, reflection papers, and field notes). Also, in this study, since an innovative 

system (PCK for NOS instruction) and little known phenomenon (PCK for NOS) 

were the focuses of the study, qualitative methodology provided in-depth information 

about the phenomenon being investigated. Another reason why qualitative 

methodology was utilized in this study is that this study had one group of participants 

who were trained in PCK for NOS instruction and there was no control group. That 

is, this research could not be done experimentally for practical reasons. Finally, 

delving into the complexities and process was achieved by qualitative methodology 

using multiple data sources throughout the PCK for NOS instruction (process) and 
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understanding not only each PCK components but also the integration among them 

(complexities). 

As well as the strengths of qualitative methodology which are utilizable for 

this research to deeply/better understand the nature of pre-service teachersô PCK, 

qualitative research has several key characteristics related to methodology which are 

pertinent to this study (Creswell, 2007): 

 Natural setting: The data were collected in the field where participants 

experience the issue or problem under study. PCK for NOS instruction was a 

part of a two-semester elective course ñResearch in Chemistry Educationò 

and the participants had been learning about NOS in this course before the 

PCK for NOS instruction begun. During the natural schedule of this two-

semester course, several weeks were devoted to PCK for NOS instruction 

which was a natural setting for the participants.  

 Researcher as a key instrument: In this study, the researcher collected data 

herself by examining documents, observing behavior, and interviewing 

participants.  

 Multiple sources of data: The researcher relied on multiple forms of data such 

as responses given to open ended instruments, interviews, observations and 

documents such as lesson plans and reflection papers. Then, the researcher 

analyzed all the data by organizing them into themes or categories. 

 Participantsô meanings: The researcher tried to focus on the meaning that 

participants had about NOS and PCK for NOS by using their self-generated 

data and interviews. 

 Theoretical lens: In this research, the PCK lens was used to understand how 

pre-service chemistry teachers translated their NOS understandings into their 

practices. 

 Holistic account: The researcher tried to develop a complex picture of 

development and nature of PCK for NOS by identifying not only each PCK 

component but also integration among the components within the context of 

PCK for NOS instruction. 

In short, extensive description of the nature and development of pre-service 

chemistry teachersô PCK for NOS during PCK for NOS instruction was the main 
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concern of this study, which is appropriate to qualitative research approach 

(Creswell, 2007). Moreover, as Bogdan and Biklen (2007) referred, the data 

collected in this qualitative research were rich in description and not handled by 

statistical procedures.  

Case study, one of the qualitative research traditions, guided this study in 

designing, collecting, and analyzing the data. Case study is the study of an issue 

investigated through one or more cases within a bounded system (i.e., setting, a 

context) (Creswell, 2007). Qualitative case studies can provide an in depth portrayal 

and analysis of a particular practice, process, or event (McMillan & Schumacher 

2001). Case can be defined as a phenomenon of some sort occurring in a bounded 

context (Miles & Huberman, 1994) and may be an individual, a role, small group, 

organization, community, nation, decision, policy, process, incident, and event of 

some sort (Creswell, 2007). The selection of case is not related to its 

representativeness rather the uniqueness and being illustrative of an issue affects 

whether the case is selected or not (McMillan & Schumacher, 2001). In this study, 

the pre-service chemistry teachers receiving PCK for NOS instruction formed the 

case since they were unique in that there was no other group receiving any type of 

PCK for NOS instruction. 

Case study does not control the behavioral events instead focuses on 

contemporary ones and by this way tries to answer how and why questions (Yin, 

2003). This study focused on a contemporary event (the development and nature of 

PCK for NOS during PCK for NOS instruction, which was a part of two-semester 

long course on NOS) and examined how pre-service chemistry teachers developed 

PCK for NOS. The aim of the case study is to expand and generalize theories not the 

statistical generalization (Yin, 2003). The aim of this case study was to expand the 

theory of PCK for NOS by utilizing the Magnusson et al.ôs (1999) PCK model for 

science teaching, which was used by several others (Faikhamta, 2012; Hanuscin & 

Hian, 2009; Hanuscin et al., 2011). Yin (2003) defined the case study as ñé an 

empirical inquiry that investigates a contemporary phenomenon within its real-life 

context, especially when the boundaries between phenomenon and context are not 

clearly evidentò (p. 13). Moreover, he emphasized that one would use the case study 

since s/he wants to consider contextual conditions as these conditions might be 



 

 

 

76 

relevant to the phenomenon being investigated. In this case study, the PCK for NOS 

instruction might be pertinent to the development of participantsô PCK for NOS. 

There are four characteristics of case studies which were present in this study; 

bounded system (PCK for NOS instruction), case of something (pre-service 

chemistry teachers receiving the PCK for NOS instruction), holistic (studying each 

participants PCK for NOS and comparing them in their totality), multiple sources of 

data (open ended instruments, interviews, observations and documents such as lesson 

plans and reflection papers) (Punch, 2005). 

There are several types of case studies depending on the size of the bounded 

case and the intent of the case analysis (Creswell, 2007; Yin, 2003). Considering the 

size of the bounded case, case study research can be a single- or multiple-case study. 

Determining whether a case study is single or multiple is highly depends on the 

research questions being investigated. Multiple-case study is conducted for the 

purpose of either predicting similar results (a literal replication) or predicting 

contrasting results (a theoretical replication) through the use of different cases which 

are different from each other in some respect (e.g., experienced teachers and 

beginning teachers or females and males).On the other hand, the circumstances for 

conducting single-case study can be listed as; critical case (case meeting all of the 

conditions for testing a well-formulated theory), extreme or unique case (the case/s 

having particular characteristics which are seldom encountered), representative or 

typical case, revelatory case (the case which is previously inaccessible to scientific 

investigation), and longitudinal case (studying the same single case at different 

points in time) (Yin, 2003). The present study constituted a single-case study (one 

group of pre-service chemistry teachers receiving PCK for NOS instruction) by 

selecting the representative or typical case, one of the single-case studies. The 

participants of this study were not different from other groups of pre-service 

chemistry teachers in other chemistry teacher education programs at different 

universities. The group was in their last year of a five-year chemistry teacher 

education program, which will be explained in detail in the participants part, and 

represented the typical senior year chemistry teacher undergraduates.  Case studies 

are also distinguished by considering the purpose (Yin, 2003); exploratory, 

descriptive, and explanatory case studies. Exploratory case studies focus on 
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exploring phenomenon in the data while explanatory ones explain the phenomena 

and might yield to theory development. Descriptive case studies aim to describe the 

phenomenon in the data by using pre-established theories. This study was a 

descriptive single-case study since the focus was to describe the way that pre-service 

chemistry teachersô develop PCK for NOS and translated it into their lesson plans by 

using an already existing PCK model (Magnusson et al., 1999), which was also used 

by others (Faikhamta, 2012; Hanuscin & Hian, 2009; Hanuscin et al., 2011). 

 

3.3. Participants 

 

Participants included 30 pre-service chemistry teachers (8 males and 22 

females). They were enrolled in an elective course, ñResearch in Chemistry 

Educationò course, where NOS was taught during 2009/2010 spring semester. All the 

participants started the undergraduate program in 2005 and their ages ranged 

between 22 and 24 with an average of 23. All were in their senior year and in a 

position to graduate at the end of 2009/2010 spring semester. Each had similar 

background in terms of coursework; including chemistry courses, pedagogical 

courses, and subject-specific pedagogical courses (see Appendix A for the whole 

chemistry teacher education program including courses, course credits, and course 

hours). The participants were not familiar with the content of Research in Chemistry 

Education course since they had not received explicit NOS instruction in their 

previous courses. However, some of the participants had taken one-semester long 

History of Chemistry course before taking this course. Pre-service chemistry teachers 

were asked about what they learned in that course. They stated that they just learned 

how chemical ideas developed throughout the history and there was no explicit-

reflective discussions guided by the instructor of that course with the purpose of 

teaching NOS. 

 

3.4. Context: Research in Chemistry Education Course  

 

A chemistry teacher education program at a public university in Ankara 

constituted the context for this study. This five-year program certifies undergraduates 
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as chemistry teachers for grades 9-12. During their five year program (see Appendix 

A), chemistry education majors take chemistry courses (e.g., general chemistry, 

analytical chemistry, organic chemistry, industrial chemistry), general pedagogical 

courses (e.g., introduction to education, instructional planning and evaluation), 

subject-specific pedagogical courses (e.g., methods of science teaching, laboratory 

experiments in science education), and elective chemistry and chemistry education 

courses (e.g., atomic spectroscopy, history of chemistry, research in chemistry 

education). A two-semester elective Research in Chemistry Education course of 

which content is parallel with recent reform movements in science education was the 

focus of this study. This elective course was framed with the purpose of teaching 

NOS and how to teach NOS to pre-service chemistry teachers during 2009/2010 fall 

and spring semesters. At the same time, throughout these two semesters, the course 

was formed the context for the second year of a three-year project, funded by The 

Scientific and Technological Research Council of Turkey (TUBITAK) aiming to 

help both pre- and in-service teachers develop their understanding of NOS and 

ability to teach NOS (Project Number: 108K086). Research in Chemistry Education 

course included two main phases: In the first phase, pre-service chemistry teachers 

learned about NOS in an explicit-reflective manner and in the second phase, they 

received PCK for NOS instruction stimulating the development of their PCK for 

NOS. Therefore, the context will be introduced under two sub-headings; NOS 

instruction and PCK for NOS instruction. 

 

3.4.1. NOS Instruction 

 

Since NOS understanding, which refer to pre-service chemistry teachersô 

SMK in this study and is a pre-requisite for a well-developed PCK for NOS (van 

Driel et al., 1998),  participants first learned about NOS. Numerous studies on how to 

teach NOS have provided evidence for the effectiveness of explicit-reflective 

approach over an implicit one (Akerson et al., 2000; Abd-El-Khalick & Lederman, 

2000a; Lin & Chen, 2002; Matkins, Bell, Irving, & McNall, 2002). Therefore, in this 

study, all the activities were designed in a way that participants had a chance to 

reflect on their experiences, gained through engaging in the activity, from the 
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perspective of NOS through the use of cognitive tools. Pre-service chemistry 

teachers engaged in both content generic and subject-specific activities, which is in 

line with NOS teaching literature, to address NOS (see Table 5 for all activities). All 

activities will be briefly explained below and activity sheets for each are provided in 

Appendix B. First Step in NOS Teaching: New Society Activity, Object Coming 

from Space- The Role and Importance of Models in Science, and Competing 

Theories- Lamarck and Darwin were modified from the activities available in NOS 

literature while Mysterious Stones- Lithology, Phases of the Moon-Lunar and Solar 

Eclipses, A Case from HoS: Phlogiston and Foundation of Modern Chemistry, 

Discovery of DNA, Thought Experiments, Superconductivity, and Science and 

Technology: In the Pursuit of Seharap-Designs are Competing were developed by 

researchers studying in TUBITAK project. 
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Table 5. How did each explicit-reflective NOS activity address various NOS aspects 

focused in this study? 

 

 
NOS aspects 

 

 S
c
ie

n
ti
fi
c
 k

n
o

w
le

d
g

e
 i
s
 t

e
n

ta
ti
v
e

 

S
c
ie

n
c
e

 i
s
 b

a
s
e

d
 o

n
 o

b
s
e

rv
a

ti
o
n

s
 a

n
d

 

e
x
p

e
ri

m
e

n
ts 

S
c
ie

n
ti
fi
c
 k

n
o

w
le

d
g

e
 i
s
 b
a

s
e

d
 o

n
 

in
fe

re
n

c
e

s
 a

s
 w

e
ll 

a
s
 o

b
s
e

rv
a

ti
o

n
s

 
S

c
ie

n
ti
fi
c
 t

h
e

o
ri

e
s
 a

n
d

 l
a

w
s
 h

a
v
e

 

d
if
fe

re
n

t 
ro

le
s
 i
n

 s
c
ie

n
c
e 

S
c
ie

n
ti
fi
c
 k

n
o

w
le

d
g

e
 i
s
 t

h
e

o
ry-l
a

d
e

n
 

a
n

d
 i
n

c
lu

d
e

s
 s

u
b

je
c
ti
v
it
y 

S
o

c
ia

l 
a

n
d

 c
u

lt
u

ra
l 
fa

c
to

rs
 a

ff
e
c
t 

s
c
ie

n
c
e

  
C

re
a

ti
v
it
y
 a

n
d

 i
m

a
g

in
a

ti
o
n

 p
la

y
s
 a

 

m
a

jo
r 

ro
le

 i
n

 s
c
ie

n
c
e 

S
c
ie

n
c
e

 a
n

d
 t

e
c
h

n
o

lo
g
y
 i
s
 n

o
t 
th

e
 s

a
m

e
 

th
in

g 

T
h

e
re

 i
s
 n

o
 u

n
iv

e
rs

a
l 
a

n
d

 s
te

p
 b

y
 s

te
p

 

s
c
ie

n
ti
fi
c
 m

e
th

o
d 

S
e

re
n

d
ip

it
y
 p

la
y
s
 a

 r
o

le
 i
n

 s
c
ie

n
c
e

 

Explicit -reflective NOS 

activities 

 

       

   

1. First Step in NOS Teaching: 

New Society Activity* 
ã ã ã  ã ã ã 

 ã ã 

2. Mysterious Stones- 

Lithology**  
ã ã   ã  ã 

   

3. Phases of the Moon-Lunar 

and Solar Eclipses** 
 ã   ã   

   

4. Competing Theories- 

Lamarck and Darwin* 
 ã ã  ã   

 ã  

5. Object Coming from Space- 

The Role and Importance of 

Models in Science* 
ã ã ã    ã 

   

6. A Case from HoS: 

Phlogiston and Foundation 

of Modern Chemistry** 
ã ã ã  ã ã  

  ã 

7. Discovery of DNA** ã ã   ã ã     

8. Thought Experiments**  ã     ã  ã  

9. Superconductivity** 

 
ã ã  ã    

   

10. Science and Technology: In 

the Pursuit of Seharap-

Designs are Competing** 
      ã 

ã   

* Modified from the activities available in literature 

** Developed by researchers studying in TUBITAK project 
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First Step in NOS Teaching - New Society Activity: Four participants, who are 

the scientists, were asked to wait at the outside of the classroom. Then, the 

participants in the classroom were told that they were the citizens of a new society 

and lived according to several rules. The participants in classroom were informed 

about the rules which were; (a) The society membersô only vocabulary is either "yes" 

or "no." (b) If the scientist is smiling when he/she asks them a question, then the 

answer is always "yes," and if the scientist is not smiling when asking the question, 

the answer is always "no," regardless of the question and the accuracy of the 

response. (c) Depending on which outstanding characteristic we used among our 

scientist group (e.g., either gender, hair color, or glasses) the society members can 

only speak, that is say yes or no, to the scientists who have the same characteristic 

that you have chosen, or in the case of gender, the opposite characteristic. The 

scientists waiting outside of the classroom were told that they discovered a new 

society and their task was to find out as much as they can. Right after the scientists 

had entered the classroom, they started to find out the characteristics of the new 

society. When all the rules are discovered, the instructor/s conducted an explicit-

reflective class discussion on ñwhat is science?ò and ñhow it works?ò (Cavallo, 2008; 

Yeĸiloĵlu, Demirdºĵen, & Kºseoĵlu, 2010). 

Mysterious Stones - Lithology: In this activity, the groups of participants 

classified the 13 stone samples belonging to various geological classes. The groups 

were asked to do their classification based on a reasonable rationale and scientifically 

meaningful characteristic.  The groups who had finished the classification based on 

their first observations were given the physical characteristics and chemical formulas 

of the stones and were asked to reclassifies the stones again. After completion of the 

two round classifications, the groups presented their classifications together with 

their justifications. A whole class explicit-reflective class discussion was conducted 

by the instructor/s on observation and inference, creativity and imagination, and 

subjectivity in science and tentativeness of scientific knowledge. 

Phases of the Moon-Lunar and Solar Eclipses: At the beginning, the groups 

of participants were asked to share their ideas on phases of the Moon, Lunar and 

Solar eclipses. Then, the groups were distributed ping pong ball, torch, and stick. 

They were asked to construct models using these materials and investigate how the 
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phases of the Moon, Solar and Lunar eclipses occur by using the models. When the 

groups completed their models and provided their explanations, they shared all these 

to the other groups. After the presentations, the instructor/s conducted an explicit-

reflective class discussion on roles on models in science, if scientific models are 

copies of reality, and whether experiments are the principal routes to scientific 

knowledge. 

Competing Theories - Lamarck and Darwin: In this activity, the participants 

were asked to form groups of A and B. Group A and Group B included 4-5 

participants and there were more than one Group A and  Group B. Group A was 

introduced the evolution theory of Lamarck and Group B was introduced the 

evolution theory of Darwin. After the introduction, the groups were asked to form 

hypothesis which schematize how human and monkey species emerged. DNA 

sequences of these species were given to the groups to test their hypothesis. Group A 

and B presented their hypothesis and how they supported or refuted their theories 

presenting their data and evidences after completion of the group work on hypothesis 

formulation and testing. During the presentations, the groups realized how they had 

been influenced by the theories they were given at the beginning. At the end of the 

activity, the instructor/s conducted a whole class explicit-reflective discussion on 

observation, inference, and subjectivity in science and scientific method (National 

Academy of Sciences, 1998). 

Object Coming from Space - The Role and Importance of Models in Science: 

The participants are told that an object came from space and their task is to propose a 

model which explains the behavior of that object. The object was a closed cylinder 

which has four ropes coming out of four different holes on the cylinder. This object 

was shown to the participants and they were asked to observe what happens when 

each rope was pulled out. The participants worked in groups of four or five in order 

to propose and construct a model regarding to how the system inside the cylinder 

works. After the groups had completed their works, each group presented their 

models and explained how they construct their models based on the observations, 

hypothesis, and tests. There was more than one possible model which successfully 

explains the behavior of the ropes coming out of the cylinder. Hence, at the end of 

the activity, the instructor/s conducted an explicit-reflective whole class discussion 
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on the difference between observation and inference, hypothesizing and testing, and 

the role of models in science (Lederman & Abd-El-Khalick, 1998). 

A Case from HOS - Phlogiston and Foundation of Modern Chemistry: The 

phlogiston is the scientific theory about how the burning occurs and was accepted by 

the scientific community until the oxygen theory was formulated throughout the 18
th
 

century. According to this theory burning matters include phlogiston and they emit 

phlogiston when they burn. In this activity, phlogiston and oxygen theory were 

introduced to the participants. The participants were asked to test these two theories 

using the scientific reasoning of ñIf...andéthenéand/butéthereforeéò and 

scientific knowledge that exist in 18
th
 century about burning. After that, the existence 

of data which are incompatible with phlogiston theory and the acceptance of oxygen 

theory were reviewed with the participants. At the end of the activity, the/instructor/s 

conducted a whole class explicit reflective discussion on observation and inference, 

social-cultural factors, and subjectivity in science. 

Discovery of DNA: There were several activities in Discovery of DNA 

activity; formation of DNA model during the process of discovery of DNA, 

synthesizing DNA from banana, sharing an article about life of Rosalind Franklin, 

and solving a criminal case using scientific method. After all of these activities, the 

instructor/s conducted a whole class discussion on empirical based, tentative, and 

socially and culturally embedded nature of science. Also, there is no universally 

accepted scientific method followed by every scientists were discussed. 

 Thought Experiments: Various thought experiments in science (e.g., 

Galileoôs free fall experiment and Schrºdingerôs Cat) were introduced to the 

participants at the beginning of this activity. Then, the participants discussed the 

experiment of Schrºdingerôs Cat by using the model of that experiment. At the end 

of the activity, the instructor/s conducted an explicit-reflective whole class discussion 

on two common myths; the experiments are the principal routes to scientific 

knowledge a general and universal scientific method exists. 

Superconductivity: At the beginning of the activity, the participants watched a 

video on superconductivity and were asked to explain what they observed. After that, 

theories proposed to explain superconductivity were introduced by conducting an 

explicit-reflective discussion on how scientific knowledge changed based on new 
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data. Additionally, the difference between theory and law were discussed based on 

superconductivity theory in the same way. 

Science and Technology: In the Pursuit of Seharap - Designs are Competing: 

At the beginning, the participants were presented a problem which they can face with 

in their daily life. The problem was ñDesign a vehicle which makes the 

transportation easier and safer for the farmers who have to climb high mountains to 

collect Seharapò. The participants were asked to work in groups of four or five to 

design a technological product or method which solve that problem. After 

completion of design phase, the groups built the models of their designs, tested their 

models, and revised it if needed. Hence, the participants experienced the 

technological design process. At the end of the activity, the instructor/s conducted an 

explicit-reflective whole class discussion on the difference between science and 

technology and relationship between them.  

 

3.4.2. PCK for NOS Instruction  

 

After ensuring that pre-service chemistry teachers had learned about NOS, 

PCK for NOS instruction started. The main idea behind this instruction was to 

stimulate the development of the participantsô PCK for NOS. As explained in the 

literature part, Magnusson et al.ôs (1999) PCK for science teaching model guided the 

study in designing the PCK for NOS instruction. All the PCK components except 

KoC were addressed throughout the instruction since KoC was not relevant to 

Turkey context in terms of NOS. First of all, there are no specific NOS objectives in 

secondary chemistry curriculum. Also, lack of specific curriculums and materials for 

teaching NOS in Turkey leaded us to exclude KoC. All activities constituting PCK 

for NOS instruction activities were planned by the researcher and reviewed by 

faculty with expertise in teaching and learning about NOS.  This instruction spanned 

four weeks (corresponding to 12 in-class hours) and each week was dedicated to 

different component (STO, KoL, KoA, KoIS).  General flow of each session was as 

follows: 

 Participants answer a series of open-ended questions eliciting their ideas 

about the targeted component of PCK for NOS. 
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 Participants engaged in argumentative discussions within small groups, and 

presented their ideas to the class. 

 The instructor facilitated the discussions and wrapped up the session with a 

presentation related to the sessionôs focus.  

 Participants wrote reflection paper on their learning on teaching NOS at the 

end. 

How each PCK for NOS component addressed throughout our PCK for NOS 

instruction will be explained below. In addition, see Appendix C for activity sheets 

used throughout each week.  

 

3.4.2.1. Science Teaching Orientation 

 

The purpose of this class was to reveal participantsô orientations to teach 

chemistry and then help them to understand the value of NOS teaching for achieving 

scientific literacy through reflection. Before the class began, participants individually 

answered the open-ended questions of ñWhat is the goal of science and especially 

chemistry education?ò and ñWhat kind of instruction do you design to achieve the 

goals you mentioned in previous questions?ò After completion of the questions, pre-

service chemistry teachers watched a video of a mother who has to decide whether or 

not to get her baby vaccinated for swine flu (socio-scientific decision making). Then 

the participants were presented with two different science teachersô arguments (one 

claims that it is enough to know biology and science concepts and the other 

advocates that further knowledge is needed to decide on socio-scientific issues) on 

what that mother in the video needs to know for an informed decision making about 

getting vaccinated her baby. The participants were asked to select one of the 

arguments by providing their evidences and warrants.  During this process pre-

service chemistry teachers worked in group of 5 or 6. After each group discussed on 

whom to support, one of the participants from each group presented their ideas to the 

class. During these presentations, the instructor facilitated the discussions and guided 

the participants in understanding the importance of learning NOS for an informed 

decision making on socio-scientific issues. After the discussion, the instructor closed 

the session with a presentation on scientific literacy and the importance of NOS for 
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achieving it. The participants wrote a reflection paper on ñwhat did you learn from 

this class about chemistry teaching?ò after that presentation. 

 

3.4.2.2. Knowledge of Learner 

 

Arguing about various NOS conceptions enabled pre-service chemistry 

teachers to realize difficulties and misconceptions about NOS that their future 

students might have. For this class, concept cartoons were prepared using the 

common myths of NOS (McComas, 1998, see Appendix C). Although McComas 

(1998) listed 15 myths about NOS there were 11 concept cartoons since in some 

cases one concept cartoon included more than one myth related to each other. After 

preparation of the concept cartoon, each was enclosed to a separate envelope having 

different color. Before this class had begun the participants individually answered the 

open-ended questions of ñWhat might your students already know about NOS? Why 

do you think that they might know that?ò and ñWhere do you think they might have 

learned these?ò The purpose of these questions was to understand whether pre-

service chemistry teachers were aware of the possible misconceptions that their 

future students might have. After the questions were answered, the participants were 

told that they received some letters from science teachers who encountered problems 

when teaching NOS and needed their help. The main task of the participants was to 

select one of the ideas of which they believe that it was true by providing their 

evidences and warrants. Also, the participants were expected to explain how they 

could convince a student believing a myth about NOS. During this process pre-

service chemistry teachers worked in group of 5 or 6 and answered the questions of 

Which studentsô idea is accepted, which one is misconception? What is the source of 

misconceptions? And how can a teacher challenge a student to confront his/her 

misconceptions? After each group discussed on whom to support, one of the 

participants from each group presented their ideas to the class. During these 

presentations, the instructor facilitated the discussions and guided the participants in 

understanding the myths, sources of them, and as a teacher what they should do in 

their teaching. After the discussion, the instructor closed the session with a 

presentation on common myths in literature and sources of them (McComas, 1998). 
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The participants wrote a reflection paper on ñwhat did you learn from this class about 

chemistry teaching?ò after that presentation. 

 

3.4.2.3. Knowledge of Instructional Strategies 

 

In this class, pre-service chemistry teachers analyzed mainly two lesson plans 

prepared on the topic of colligative properties (One of the lesson plan used implicit 

approach for teaching NOS and the other used explicit-reflective one for teaching the 

same NOS aspect) and argued on two science educatorsô views on the effectiveness 

of two NOS teaching approaches (implicit versus explicit-reflective) and thus 

enhanced their KoIS for teaching NOS. Before this class began, the participants 

individually answered the open-ended question of ñWhat kind of instructional 

strategies do you use for teaching NOS and chemistry concepts at the same course 

hour?ò After completion of the questions, pre-service chemistry teachers were told 

that a chemistry teacher needed their help in designing a chemistry lesson in a way to 

teach both chemistry and NOS concepts. For this task, the participants formed groups 

of 5 or 6 and the two lesson plans were distributed to each group. The groups were 

asked to analyze the lesson plans by comparing and contrasting them considering the 

several issues such as objectives in each plan, teaching approach used in each plan, 

and the appropriateness of teaching approach in each plan for the objectives. When 

the analysis of lesson plans completed, one participant from each group presented 

their ideas on two lesson plans (objectives, teaching approach, and appropriateness). 

Then, ideas of two science educators on lesson planning (one supports the use of the 

lesson plan utilizing the implicit approach and the other one supports the use of other 

lesson plan utilizing the explicit-reflective approach) were presented to the groups in 

activity sheet and the groups were asked to select one of the ideas by providing their 

evidences and warrants. Right after groups had completed their discussion, each 

group presented their ideas on whom to support. During these presentations, the 

instructor facilitated the discussions and guided the participants in understanding the 

importance of using explicit-reflective approach in effective NOS teaching. After the 

discussion, the instructor closed the session with a presentation on various 
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approaches to teaching NOS. The participants wrote a reflection paper on ñWhat did 

you learn from this class about chemistry teaching?ò after that presentation. 

 

3.4.2.4. Knowledge of Assessment 

 

Participants assisted a chemistry teacher with aligning his/her assessment task 

with the lesson objectives including chemistry and NOS and this task helped pre-

service chemistry teachers to consider NOS as a dimension of science learning and 

the methods by NOS can be assessed. At the beginning of the class, the participants 

were told that they would assist a chemistry teachers having difficulty in aligning 

his/her assessment with the lesson objectives. The participants were not explicitly 

told that the chemistry teacher had difficulty in assessing NOS since one of the 

purposes of the class was to understand whether the participants included NOS in 

their knowledge of what to assess. After this instruction, the participants formed 

groups of 5 or 6 and then objectives of the teacher were distributed to the groups. 

The groups were expected to design specific assessment task for the objectives 

instead of suggesting general assessment strategies. After completion of the group 

works, each group presented which objectives they assessed and how they did it. 

During these presentations, the instructor facilitated the discussions and guided the 

participants in understanding the importance of assessing NOS if one teacher 

integrated NOS in his/her lesson. After the discussion, the instructor presented an 

example of assessment that could be used to assess the objectives of the teacher. 

Then the session was closed with a presentation on various approaches to assessing. 

The participants wrote a reflection paper on ñWhat did you learn from this class 

about chemistry teaching?ò after that presentation. 

 

3.5. Data Collection Sources 

 

Qualitative data sources formed the data collection tools in this study and the 

tools integrated within the context is presented in Figure 9. It provides a big picture 

of how the data collection occurred within various course activities.  Data sources 

which provide for the case study may be documents, archival records, interviews, 
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direct observation, participant observation, and physical artifacts (Yin, 2003).  

Documents including Views on Nature of Science Questionnaire Form C (VNOS-C, 

Lederman et al., 2002), open ended instruments, lesson plans, and reflection papers, 

interviews, and participant observation formed the sources of evidence in this study 

to gain an in-depth information about pre-service chemistry teachersô nature and 

development of PCK for NOS.  VNOS-C in conjunction with follow up interviews 

was used to assess participantsô views on NOS. Interviews, reflection papers, 

responses given to open ended instruments, observational records including videos, 

and lesson plans were used to understand the nature and development of PCK for 

NOS. Each data source will be elaborated in detail. As known, each source has 

strengths and limitations peculiar to oneself. Thus, by using different kind of data 

collection sources the researcher will have a chance to compensate the limitations in 

one method by the strengths of a complementary one. Also, designing a study in 

which multiple cases, multiple informants or more than one-data gathering method is 

used can greatly strengthen the studyôs usefulness for other settings (Marshall & 

Rossman, 2006). 
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Figure 9. How data collection was occurred within the various course 

activities 
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3.5.1. Views on Nature of Science Questionnaire Form C 

 

Assessment of NOS understanding has been a concern for science educators 

for over 40 years (Lederman, 2007). These efforts yielded various qualitative (e.g., 

VNOS-C by Lederman et al., 2002 and critical incidents by Nott & Wellington, 

1998) and quantitative (e.g., VOSTS by Aikenhead & Ryan, 1992; Nature of 

Scientific Knowledge Scale by Rubba & Anderson, 1978) instruments that can be 

used NOS in different grades. In spite of their advantages in administration and 

analysis process, quantitative instruments are criticized because they are not enough 

to gain in-depth information about participantsô NOS views and may yield 

inconsistent data with the data obtained from interviews (Lederman & OôMalley, 

1990). Lederman et al. concluded that VNOS-C aimed to elucidate learnersô NOS 

views and generate profiles of the meanings they ascribe to various NOS aspects for 

the purpose of informing the teaching and learning of NOS rather than for labeling 

learnersô views as adequate or inadequate or sum their NOS understandings into 

numerical scores. Also, conducting follow-up interviews right after administration of 

VNOS-C was strongly suggested for increasing the validity (Lederman, 2007). 

Therefore, VNOS-C, including open-ended questions about targeted NOS aspects in 

this study, in conjunction with follow-up interviews was used to understand the 

meanings that participants ascribed to NOS aspects was used in this study (Lederman 

et al., 2002, see Appendix D). The questions and related NOS aspect in VNOS-C are 

as follows; 

 Question 1: General idea about what science is and empirical nature of 

science 

 Question 2: Nature and purpose of experiments 

 Question 3: Role of experiments and experimental evidence in 

development of scientific knowledge 

 Question 4: Tentative nature of science and the reason for 

tentativeness 

 Question 5: Distinction between theory and law 

 Question 6: Distinction between observation and inference and nature 

of models 
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 Question 7: Imaginative and creative and empirical nature of science 

 Question 8: Role of scientific evidence in scientific knowledge and 

subjective nature of science 

 Question 9: Imaginative and creative, and social cultural 

embeddedness nature of science and role of scientific evidence 

 Question 10: Imaginative and creative nature of science  

VNOS-C in conjunction with follow-up interviews was used as main data 

collection source in identifying how pre-service chemistry teachersô NOS views 

changed. Although there were 10 activities in NOS instruction, some activities lasted 

more than three course hours corresponds to at least two weeks. Therefore, the 

implementation of 10 activities spanned one and half semester. VNOS-C was 

administered three times; before NOS instruction (at the beginning of first semester), 

during NOS instruction (at the end of first semester), and finally after NOS 

instruction (in the mid of second semester). Some of the participantsô NOS views as 

measured by VNOS-C during NOS instruction were missing. Therefore, in this study 

the change in pre-service chemistry teachersô NOS understandinhg will be elaborated 

in terns of how they were used to understand NOS before NOS instruction and what 

kind of NOS views they had after NOS instruction.  

 

3.5.2. Open-ended Questions 

 

Two types of open-ended questions were used to investigate how the 

participantsô PCK for NOS developed over the Research in Science Education 

Course. The first question was used to understand whether learning NOS part 

influenced participantsô views on chemistry teaching (e.g., if participants saw the 

value of NOS for their future teaching, if yes, how they decided to teach NOS). Also, 

this question with the addition of new ones was administered after PCK for NOS 

instruction to make a comparison between pre-service teachersô views on chemistry 

teaching before and after PCK for NOS instruction. The questions used after learning 

NOS part were as follows: 

 As a teacher candidate, in your view, what is the goal of science education 

and specifically chemistry education? 
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 As a teacher, in your view, what kinds of knowledge, skills etc. a student, 

learning science/chemistry based on the science/chemistry curriculum, should 

have? 

 Why is it important for your students to have the aforementioned 

knowledge/skills/objectives, listed in the previous two items? In other words, 

what is the difference between the students having those 

knowledge/skills/objectives and the students who do not have? 

 What kind of instruction do you design to achieve the aforementioned goals? 

 How does students' prior learning affect your instruction designed to achieve 

the aforementioned goals? 

 What kind of difficulties you may have during your instruction? 

 How do you assess whether your students achieved the aforementioned 

goals? 

 Until now, what did you learn from this lesson about science/chemistry 

teaching? 

 Are you going to use what you learned from this class when you teach 

chemistry in future? Please explain your reasoning. 

Along with these questions, new questions were asked to pre-service 

chemistry teachers after PCK for NOS instruction as: 

 What did you learn about science/chemistry teaching in last four weeks (PCK 

for NOS instruction)? 

 Did what you learned in the last four weeks change your point of view about 

science/chemistry teaching? Please explain your reasoning. 

 Are you going to use what you learned in the last four weeks when you teach 

chemistry? Please explain your reasoning. 

 The second open-ended question contained several sub-questions as 

indicated in Figure 7 with pre-views 1, 2, 3, and 4 and were different for each PCK 

for NOS class. These questions were aimed to reveal pre-service chemistry teachers' 

knowledge and ideas related to each PCK for NOS component; namely, STO, KoL, 

KoIS, and KoA. Table 6 displays open-ended questions corresponding to each PCK 

component.  
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Table 6. Pre-questions asked before each PCK for NOS instruction class 

 

PCK  

Component 

 

Open-ended questions 

 

  STO 

 As a teacher candidate, in your view, what is the goal of 

science education and specifically chemistry education? 

 As a teacher, in your view, what kinds of knowledge, skills 

etc. a student should have as a result of science and especially 

chemistry teaching? 

 

KoL 

 What might your students already know about NOS? 

 Why do you think that they might know that?  

 Where do you think they might have learned these? 

KoIS 
 What kind of instructional strategies do you use for teaching 

NOS and chemistry concepts at the same course hour? 

KoA 
 Help a teacher who has difficulty in assessing his objectives 

given in the activity sheet 

 

 

3.5.3. Reflection Papers 

 

After each PCK for NOS class, pre-service chemistry teachers were asked to 

write reflection paper to determine the effect of each class on participantsô 

knowledge of each related PCK for NOS component, as indicated in Figure 7 with 

reflection paper 1, 2, 3, and 4. The questions were the same for each class as: 

 What is the message that this lesson want to give? What did you learn about 

chemistry/science education?  

 How did this lesson change your perspective on chemistry/science education?  

 How do the things you learned in this lesson affect your chemistry/science 

teaching? 

 

3.5.4. Lesson Plans 

 

Two lesson plans were collected, as indicated in Figure 7 by lesson plan 1 

and 2, in order the understand the nature and development of pre-service chemistry 

teachers' PCK for NOS . Right after completion of learning NOS part and just before 

the PCK for NOS instruction, the participants were asked to prepare a lesson plan, as 
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indicated by lesson plan 1 in Figure 7 and from now on will be named in this way. 

This lesson plan 1 was also helpful for providing supporting evidence or counter 

evidence for the view that even if  teachers have informed understanding of NOS 

consistent with reforms; they generally do not explicitly teach NOS (Schwartz & 

Lederman, 2002). Several chemistry topics were assigned to the participants and there 

were more than one participant preparing a lesson plan on the same chemistry topic. The 

chemistry topics were: 

 Particulate nature of matter 

 Atom 

 Solutions 

 Mole 

 Periodic table 

 Chemical bonds 

 Gases 

 Chemical reactions 

 Rate of chemical reactions 

 Chemical equilibrium 

 Acids and bases 

 Electrochemistry 

 Radioactivity 

 The participants were free to teach the concepts they wanted to focus in their 

topics and they were not told that they should integrate NOS into their instruction. A 

lesson plan format (Appendix E) including several parts such as general and specific 

objectives, teaching strategy, detailed explanation of their instruction, and assessment 

were given to pre-service chemistry teachers. After completion of lesson plan 1, PCK for 

NOS instruction started. After PCK for NOS instruction, pre-service chemistry teachers 

were asked to revise their lesson plan 1. The participants were not told to integrate NOS 

during the revisions although they were expected to do so. These revised lesson plans 

were indicated as lesson plan 2 in Figure 7and from now on will be named in this way. 

The lesson plan 2 was used to determine how PCK for NOS instruction assisted pre-

service chemistry teachers in translating their NOS understanding into their lesson 

plans. 
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3.5.5. Interviews 

 

 Interviewing is one of the data collection methods that are used when ñwe 

cannot observe behavior, feelings or how people interpret the world around themò 

(Merriam, 1998, p. 72). Therefore, this technique provides opportunity to 

compensate the limitations of the use of documentary types of sources as VNOS-C, 

open-ended questions, reflection papers, and lesson plan 1 and 2. Interviewing is 

helpful in understanding what is in someone else's mind. Two types of semi-

structured interviews were conducted in this study. The first one was conducted with 

nine participants in order to understand the meanings they ascribed to NOS aspects. 

Lederman et al. (2002) advocated that follow-up questions, directed after completion 

of VNOS-C, were helpful in clarifying ambiguities and understanding respondentsô 

thinking on NOS aspects. During those interviews, respondents are provided their 

questionnaires and asked to explain and justify their responses. The second type of 

interview, therefore, was conducted after PCK for NOS instruction with nine 

participants in order to gain an in-depth understanding of their PCK development and 

how PCK for NOS instruction contributed to this development (Appendix F). Several 

examples for the interview questions are as; 

1. Was there any change in your views about what you expect from students to 

learn about chemistry before NOS instruction, after NOS instruction, and 

after PCK for NOS instruction? If yes, how? 

2. Do you think that your students should learn NOS? Was there any change in 

your views before NOS instruction, after NOS instruction, and after PCK for 

NOS instruction? If yes, how? 

3. What kind of instructional strategies would you use or did you use to teach 

NOS? How did learning NOS part and PCK for NOS part contribute to your 

knowledge of instructional strategies? Which instructional strategies are more 

affective than others? Please, explain why. 

4. How did you determine whether your students  had  informed undertanding 

about NOS related objectives?  What kind of assessment method would you 

or did you use? How did learning NOS part and PCK for NOS part contribute 

to your knowledge of assessment? 
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3.5.6. Participant Observation 

 

The purpose of observation is to make in-depth and detailed explanations and 

descriptions about the phenomenon being investigated (Patton, 2002). Participant 

observation is a type of observation where researcher is not a passive observer rather 

s/he may take various roles and even may participate the events being studied. In this 

study, participant observation technique was used as one of the data collection 

sources since I participated to all the course activities. The Research in Chemistry 

Education course was the context for TUBITAK project and I was a researcher in 

that project. More importantly, the research team had the responsibility in conducting 

all the course activities, which mainly constituted each class's content (what to teach 

and how to teach) and teaching. In each class, the research group of two or three was 

the leader in conducting all the course activities. However, the other researchers were 

also responsible during the guidance provided to small group discussions. As well as 

I had many opportunities to teach NOS to that group of participants before PCK for 

NOS instruction, I conducted all the classes took place in PCK for NOS instruction. 

All the class sessions were videotaped with the permission of the participants. These 

participant observations enabled me to realize how actually PCK for NOS works 

(Flick, 2006).  The participant observation was used as a complementary data source 

rather than a primary one. Since I did not have a change to conduct interviews with 

all participants, I used my participatory observations to increase the credibility of 

reflection papers that each participant wrote after each PCK for NOS class. 

 

3.6. Pilot Study 

 

I conducted a pilot study with nine pre-service chemistry teachers (six male, 

three female, M=25) enrolled to ñMethods of Science and Mathematics Teaching IIò 

at a public university in Ankara during 2009/2010 fall semester. Doing a pilot 

research helped me to revise and refine both PCK for NOS instruction and 

instruments (Marshall & Roseman, 2006). None of the nine participants took any 

formal course and had personal interest in NOS. During the pilot study, NOS 

instruction spanned four weeks period (16 class hours) while 
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PCK for NOS instruction lasted three weeks (12 class hours). The same data 

collection sources were used: VNOS-C, lesson plans prepared before and after PCK 

for NOS instruction, responses to open-ended questions given at the beginning of 

each PCK for NOS class, reflection papers at the end of each PCK for NOS class, 

and interviews. The pilot study informed me about several things: First, I realized the 

activities that I prepared for STO, KoIS, and KoA did not work the way I intended 

to. Therefore, I revised them all those activities. Second, I noticed that the 

participants were having difficulty in realizing the relevance of PCK for NOS 

instruction to their future as a chemistry teacher. Therefore, I was more explicit in 

the way that I connected PCK for NOS components to their chemistry teaching. 

 

3.7. Data Analysis Procedure 

 

Data analysis is the process of making sense of data and hence arriving 

reasonable conclusions (Merriam, 2002). In contrast to quantitative analysis, there is 

no formula for transforming data into findings during qualitative data analysis as 

emphasized by Patton (2002) as ñQualitative analysis transforms data into findings. 

No formula exits for that transformation. Guidance, yes. But no recipeé [T]he final 

destination remains unique for each inquirer, known only when-and if- arrived asò 

(p. 432). In this study, the analytic procedure proposed by Marshall and Rossman 

(2006) was followed in analysis of the data. The analytic task of qualitative 

researchers includes two basics parts: data analysis and data interpretation (Bogdan 

& Biklen, 2007). Data analysis refers to the process of  ñéworking with data, 

organizing them, breaking into manageable units, coding them, synthesizing them, 

and searching for patternsò (p. 159). Data interpretation involves explaining findings 

by relating to theory, showing why findings are important and making them 

understandable. Analytic procedures consist of seven main phases (Marshall & 

Rossman, 2006): 

 Organizing the data: It includes arranging the huge piles of data in a way that 

researcher can easily handle the data (e.g., organization can be made 

considering names, places, date, and activities). In this study, two main 

electronic files were formed for organizing the data on participantsô NOS 
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understanding and PCK for NOS. Also, in the file created for PCK for NOS 

data, there were three sub-files; one was containing the data of each PCK 

component interested in this study (e.g., KoL, KoIS, KoA, and STO), one 

was for lesson plans, one was for interviews. Each PCK for NOS component 

sub-file included all participantsô reflection papers, answers to open-ended 

questions, and participatory observational field notes.   

 Immersion in the data: It is a process of becoming familiar with the data 

through reading and rereading it. In the present study, after organizing the 

data into files, all the data including lesson plans, reflection papers, answers 

to open-ended questions, and participatory observational notes were read and 

reread for ensuring familiarity. 

 Coding the data: Coding is the process in which a name is given to the 

meaningful part (e.g., a word, sentence, and paragraph) among the data at 

hand (Marshall & Rossman, 2006). Coding process requires separating into 

parts, investigating, comparing, conceptualizing and associating the data. 

Codes can be derived from the researcher himself/herself, the related 

literature or the data itself. The codes used in this study directly came from 

the literature on NOS and PCK for NOS. Magnusson et al.ôs (1999) PCK 

model and its components provided the codes in this study as STO, KoL, 

KoIS, and KoA while change in participantsô understanding about NOS was 

categorized as naive, transitional, and informed (Khishfe & Lederman, 2002). 

 Generating categories and themes: After coding the data, categories and 

themes explaining the codes generally should be built. Categories should be 

internally consistent but at the same time different from each other. Category 

and theme generation can be indicative or deductive (Patton, 2002). Inductive 

analysis is the process of discovering patterns, themes, and categories in data 

whereas deductive one uses already existing framework to describe categories 

and themes. Inductive analysis relies on ñanalyst-constructed typologiesò 

which are created by researchers and not explicitly used by participants 

(Marshall & Rossman, 2006, p. 458). After coding the data in this study, as 

literature suggested, I focused on the interaction among the components 

(Abell, 2008) in order to understand the quality of PCK (Friedrichsen et al., 
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2009; Magnusson et al., 1999; Park & Oliver, 2008a). The category of 

integration came directly from the literature, hence ensured conducting 

deductive analysis. However, all the new sub-categories under the category of 

integration emerged inductively when the data on PCK for NOS were 

analyzed, which will be explained later in detail: (a) the degree of integration 

among PCK components, (b) the frequency and nature of connections, (c) 

connections evident in application versus evident in knowledge only, and 

finally (d) the power of connections among the participants in the same 

category.  

 Offering interpretations: Interpretation is the process of bringing ñémeaning 

and coherence to the themes, categories, developing linkages and a story line 

that makes sense and is engaging to readò (Marshall & Rossman, 2006). In 

this phase, the researcher must have to give meanings to the data at hand, 

explain the relationships among findings, establish cause-effect relationships, 

arrive some conclusions based on the findings, and finally provide 

explanations for why the findings are important. 

 Searching for alternative understandings: This phase includes looking for 

alternative explanations different than the ones used to interpret the data and 

providing reasonable explanations for why the existing explanation is more 

plausible than the alternative ones. In this study, Magnusson et al.ôs (1999) 

PCK model was the guiding framework for designing both activities in PCK 

for NOS instruction and data collection sources considering the evidences 

about the applicability of it for PCK for NOS (Hanuscin & Hian, 2009; 

Hanuscin et al., 2011). Therefore, components in that model were analyzed. 

Additionally, analyzing each component and presenting them would not 

enough to capture the complexity of PCK, how the components were 

integrated was analyzed, which was recommended by PCK literature (Abell, 

2008). After formation of PCK for NOS profile for each participant, the 

participantsô maps were constantly compared and new categories emerged for 

explaining the differences among the participants:(a) the degree of integration 

among PCK components, (b) the frequency and nature of connections, (c) 

connections evident in application versus evident in knowledge only, and 
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finally (d) the power of connections among the participants in the same 

category. Those new categories did not exist before the analysis begun and 

came out as a result of analysis as I searched for an alternative explanation on 

the participantsô PCK for NOS. 

 Writing the report: The researcher must write a report which is reasonable 

(relating it to the literature), appropriate for the experiences of individuals 

(using terminology which is understandable by the readers), plausible 

(providing the warrants behind the ideas presented), significance (presenting 

conclusions and implications for the next research), and readable (using 

logical, clear, and fluent language). In this study, the report was written by 

relating it to the NOS, PCK, and PCK for NOS literature, using the 

terminology in those literature, supporting findings and conclusions with the 

data in hand, and providing conclusions and implications for NOS and PCK 

for NOS practices and research.  

Additionally, different techniques were employed for analyzing the change in 

participantsô NOS views and PCK for NOS. In the following parts, the techniques 

used for different part data will be explained in detail. 

 

3.7.1. Analysis of the Changes in NOS Views 

 

VNOS-C (Lederman et al., 2002) was the main data source during the 

analysis of the change in participantsô NOS views. In order to identify participantsô 

NOS views before and after NOS instruction, data obtained from VNOS-C and 

follow-up interviews were analyzed using analytic induction (Strauss & Corbin, 

1998). Analytic induction involves both inductive and deductive analysis (Patton, 

2002). In deductive phase, the researcher examines the data using an already existing 

framework and then during the inductive phase the researcher looks through the data 

again to see whether there are undiscovered pattern. In the present study, in the 

deductive phase of analytic induction, already existing categorization proposed by 

Khishfe and Lederman (2002) was used for identifying participantsô NOS views 

before and after NOS instruction. Khishfe and Lederman (2002) advocated that that 

there is a continual change in studentsô understanding about NOS. This continuum 
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begins with naµve, continues with transitional, and ends with informed. Considering 

this continuum, pre-service chemistry teachersô NOS understandings was categorized 

as naive, transitional, and informed.  Each NOS aspect addressed in this study was 

evidenced itself in more than one data source (interview and VNOS-C) and 

moreover, in more than one item in VNOS-C. A participantôs view on a particular 

aspect was categorized as informed if s/he had provided evidence of meaningful 

understanding related to that aspect in all contexts. If a participant had not exhibited 

any meaningful understanding with respect to a particular aspect in all contexts, 

his/her view of the related aspect was categorized as naµve. If a participant had 

demonstrated meaningful understanding of a particular aspect in some contexts but 

not the others, his/her view in that aspect was categorized as transitional. Each 

participantôs view was categorized considering the aforementioned categorization 

and the data related to participantsô NOS views were looked through again to see 

whether there were undiscovered patterns, which formed the inductive phase of 

analytic induction. That is, in this study analytic induction involved formulating an 

initial definition of the phenomenon, investigating some cases of this phenomenon, 

framing a hypothetical explanation, investigation of further cases to test the 

hypothesis, reformulating the hypothesis or reducing the phenomenon if the 

hypothesis does not fi t, and implementing this cycle of analysis until the point that it 

may be concluded that the hypothesis is correct (Punch, 2005). An example of 

categorization for theory-laden NOS aspect is given in Table 7. How we ensured 

validity and reliability will be discussed in the following part under the heading of 

validity and reliability issues of the study. 
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Table 7. An example of categorization for theory-laden NOS aspect 

 

Level 

 

Example statements 

Naive 

Scientific knowledge is objective.  

Science should not be affected from these terms. There is only one 

truth. That truth does not change from place to place and person to 

person. 

But physics, biologyé. objective. We could not talk about 

subjectivity. Investigations are scientific studies based on 

experiments, observations 

Informed 

Scientists are affected from their own experiences, existing 

knowledge, and beliefs while explaining a phenomenon. 

Since scientistsô personal characteristics, point of views, 

interpretations, beliefs are different from each other there are two 

hypotheses [related to extinction of dinosaurs]. 

It stems from the differences in scientistsô existing knowledge. 

Individuals having different majors in different disciplines develop 

different point of views for the situations they encountered and 

look differently [to the same phenomenon] hence forms different 

hypothesis. 

Scientists can reach different findings based on their existing 

knowledge, the social and cultural environment they live when 

they use the same data 

 

 

3.7.2. Analysis of Participantsô PCK for NOS  

 

Lesson plan 1 and 2, reflection papers written at the end of each PCK for 

NOS class, responses to open-ended questions given at the beginning of each PCK 

for NOS class and after PCK for NOS instruction, and interviews conducted with 

nine participants were the main data sources during analysis of pre-service chemistry 

teachersô PCK for NOS. This analysis involved both deductive and inductive 

analysis as it is the case for some qualitative analysis (Patton, 2002). In the first 

phase, deductive analysis was conducted where the data was analyzed according to 

an existing framework, which was Magnusson et al.ôs PCK model (1999) in this 

study (Patton, 2002). All the main aforementioned data were analyzed for the how 

PCK for NOS components, which are STO, KoL, KoIS, and KoA, indicated 

themselves in these data sources. After completion of deductive analysis for 

individual PCK for NOS components, since it is strongly recommended that 
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researchers must focus on the interaction among the components (Abell, 2008) in 

order to understand the quality of PCK and a teacherôs PCK highly depends on the 

degree of integration and coherence among components (Park & Oliver, 2008a; 

Friedrichsen et al., 2009), the integration among PCK for NOS components were 

determined. For determining the consistencies and coherences, a coding scheme was 

constructed describing instances of integration of components in participantsô PCK 

based. Based on the coding scheme a PCK for NOS map was formed for each 

participant and then the participantsô map compared and contrasted which eventually 

resulted in new categories, which formed the inductive analysis of data. How 

deductive and inductive analyses were performed will be elaborated in the following 

parts. In deductive phase (a) in-depth analysis of explicit PCK (Park & Chen, 2011; 

Park & Oliver, 2008a) and in inductive phase (b) the constant comparative methods 

(Glaser & Strauss, 1967) were used in order to delve into the complexities of the 

nature and integration of participantsô PCK for NOS.  

 

3.7.2.1. In-depth Analysis of Explicit PCK 

 

In order to determine the PCK for NOS components which participants 

developed during PCK for NOS instruction and integration of these components, 

which referred to connections and consistencies among PCK components addressed 

in this study, a modified version of in-depth analysis of explicit PCK (Park & Chen, 

2011; Park & Oliver, 2008a) was employed during the deductive phase of qualitative 

analysis. This method mainly relies on creating a PCK profile for each participant 

providing a detailed description of a pre-service chemistry teacherôs PCK for NOS as 

defined by Magnusson et al.ôs (1999) model. Although pre-service chemistry 

teachers were asked to prepare lesson plan 1 right after the NOS instruction they did 

not integrate any NOS aspects in their lesson plans. When I asked whether they 

attempted to teach NOS in their own way, only two participants stated that they tried 

to teach NOS implicitly by engaging students in an inquiry-based learning setting. 

Therefore, while the PCK profiles were created, mainly lesson plan 2, reflection 

papers written at the end of each PCK for NOS class, responses to open-ended 

questions given at the beginning of each PCK for NOS class and after PCK for NOS 
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instruction, and interviews conducted with nine participants were used as suggested 

in literature to assess and capture the complexity of PCK (Baxter & Lederman, 

1999).  

The PCK profile consisted of several components including (see Appendix G 

for the participantsô profiles); 

 Chemistry topic on which the lesson plan was prepared 

 Objectives including science process skills and NOS aimed to be achieved  

 Synopsis of the lesson plan prepared after PCK for NOS instruction 

 Evidence for the components of PCK for NOS and connections among them 

 A description of where the PCK for NOS components was evident throughout 

data collection 

 Post-intervention PCK for NOS map representing which components and 

connections and consistencies are present 

The final PCK for NOS map included only four components of Magnusson et 

al.ôs (1999) model, namely, STO, KoL, KoIS, and KoA since knowledge of 

curriculum was not a focus in PCK for NOS instruction. Different types of lines were 

used to show connections and consistencies among the PCK for NOS components 

which were evident in different data sources; 

 Bold lines for the connections and consistencies that exist in lesson plans  

 Solid lines for the connections and consistencies that exist in reflection papers  

 Dashed lines for the connections and consistencies that does not exist in any 

of the data sources 

It was obvious that the strength of one connection or consistency between 

two components might be different from another and it was. Although I assumed the 

same strength for each connection or consistency for convenience (Park & Chen, 

2011) when drawing the PCK for NOS map for each participant, I considered the 

differences in power of consistencies and connections when presenting the results. In 

order to decide whether a connection or consistency was evident in any of the data 

source, a coding scheme was formed. This coding scheme described the instances of 

PCK components and integration of components in pre-service chemistry teachersô 

PCK. During the formation of the coding scheme, I relied on the data and literature 

using in-depth analysis of explicit PCK (Park & Chen, 2011; Park & Oliver, 2008a). 
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Based on the data and the literature, I defined every possible instance which can be 

counted as an evidence for any PCK component and consistencies or connections 

among them (see Table 8). Formation of the coding scheme was accomplished by a 

researcher who is an expert on both PCK and PCK for NOS by discussing and 

negotiating any incongruities. For deciding whether the integration between any two 

PCK components addressed in this study was an indication of consistency or 

connection, we utilized the PCK literature during the formation of coding scheme. 

With the recognition of shaping effect of STO on KoL, KoIS, and KoA (Magnusson 

et al., 1999), any integration between STO-KoL, STO-KoIS, and STO-KoA was 

coded as consistency. For instance, if a pre-service chemistry teacher used implicit or 

explicit-reflective instructional approach to teach NOS this instance was counted as 

an evidence for the consistency between his/her STO and KoIS. On the other hand 

any integration which was observed any two components of KoL, KoIS, and KoA 

was coded as connection since each has the capacity to inform other (Abell, 2008) 

(e.g., KoL might inform KoIS and KoA might inform KoL). For instance, if a pre-

service teacher made an assessment to reveal studentsô misconceptions about NOS at 

the beginning of his/her instruction this was coded as a connection between KoA and 

KoL where KoA informed KoL. All the reliability and validity issues regarding the 

coding scheme formation and coding will be discussed in the following part under 

the heading of validity and reliability issues of the study. 
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Table 8. Coding scheme describing instances of PCK components and integration 

among them 

 

PCK 

Components 

 

Instance Consistency 

or 

Connection 

Direction 

STO-KoL 

 If pre-service teacher is aware 

that students have misconceptions 

in NOS 

 

 If pre-service is teaching for one 

of the myths about NOS (e.g., 

hierarchical relationship between 

theory and law)   

Consistent 

STO 

influenced 

KoL 

STO-KoIS 
 If pre-service teacher uses 

implicit or explicit approach to 

teach NOS 

Consistent 

STO 

influenced 

KoIS 

STO-KoA 
 If pre-service teacher assesses 

NOS  Consistent 

STO 

influenced 

KoA 

KoA-KoL 

 If  pre-service teacher makes an 

assessment to reveal studentsô 

misconceptions about NOS at the 

beginning 

Connection 

 

KoA 

informed 

KoL 

 

If pre-service teacher assesses 

studentsô misconceptions about 

NOS s/he communicated in his/her 

lesson plan at the end 

Connection 

 

KoL 

informed 

KoA 

KoA-KoIS 

 If  pre-service teacher makes an 

assessment to reveal studentsô 

misconceptions about NOS at the 

beginning and then designs 

instruction based on assessment 

result 

Connection 

 

KoA 

informed 

KoIS 

 

KoA-KoIS 

 If pre-service teacher makes an 

assessment compatible with the 

instructional strategy (e.g., 

relabeling observations and 

inferences they made at the 

beginning of the lesson, preparing a 

poster on their investigation they 

made throughout the lesson, 

preparing a periodic table using 

each groupôs data) 

Connection 

 

KoIS 

informed 

KoA 
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Table 8 (continued) 

 

PCK 

Components 

 

Instance Consistency 

or 

Connection 

Direction 

 KoL-KoIS 

 If  pre-service teacher design an 

instructional strategy to eliminate 

studentsô misconception (paying 

attention to use of words, after 

communicating observation and 

inference using gestalt pictures, 

after communicating  several nature 

of science aspects asking questions 

to assess studentsô understanding 

and then talking about nature of 

science whether there is a 

misconception) 

Connection 

KoL 

informed 

KoIS 

 If a preservice teacher teach for 

eliminating a misconception (e.g., 

for eliminating the myth of 

experiments are not the principal 

routes to scientific knowledge 

teacher uses some cases from a 

science magazine where scientists 

only use observations or step by 

step scientific method and makes 

the students to involve in scientific 

process) 

Connection 

KoL 

informed 

KoIS 

 
 

3.7.2.2. The Constant Comparative Method 

 

In the first deductive phase, profiles for each participant and accompanying 

post-intervention PCK for NOS maps were constructed based on the PCK 

components defined in Magnusson et al.ôs (1999) model and integration defined in 

PCK literature (Park & Chen, 2011; Park & Oliver, 2008a). In the second inductive 

phase, constant comparative method (Glaser & Strauss, 1967) was used in order to 

identify patterns and regularities among the PCK maps without using a pre-

established system of categories or codes. Constant comparison method compares 

incidents in data to develop explanatory categories towards building a theory. This 

method involves comparing one segment of data with another to determine 
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similarities and differences (Merriam, 2002) and then the data is grouped under 

similar dimensions. This dimension is tentatively given a name and it becomes a 

category. All PCK for NOS maps were compared and contrasted with each other in 

order to identify similarities and differences among them and then eventually to 

come up with a categorization. As a result of identification of patterns and 

regularities existed in participantsô post-intervention PCK for NOS maps, nine 

dimensional categorizations were emerged without using an already existing 

framework for categorization. In the nine dimensional categorizations, there were 

two main dimensions; 

 One dimension showed the degree to which the components are integrated 

o There were four components addressed in PCK for NOS instruction 

which were STO, KoL, KoIS, and KoA. Therefore, the maximum 

number of connections/consistencies that could be observed among 

the components of PCK was six. 

o If the number of consistencies/connections was 5 and 6 in a 

participantôs PCK for NOS map, this participantôs PCK for NOS map 

was categorized as highly-integrated.  

o If the number of consistencies/connections was 3 and 4 in a 

participantôs PCK for NOS map, this participantôs PCK for NOS map 

was categorized as somewhat integrated.  

o If the number of consistencies/connections was 1 and 2 in a 

participantôs PCK for NOS map, this participantôs PCK for NOS map 

was categorized as non-integrated.  

 The other dimension indicated the degree to which pre-service chemistry 

teachers can translate their PCK for NOS into their lesson plan 2, which 

refers to application in this study.  

o The data for analyzing participantsô PCK for NOS mainly were 

obtained from lesson plan 2, reflection papers written at the end of 

each PCK for NOS class, responses to open-ended questions given at 

the beginning of each PCK for NOS class and after PCK for NOS 

instruction, and interviews. As explained before, different types of 

lines were used to show connections and consistencies among the 
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PCK for NOS components which were evident in different data 

sources; 

Á Bold lines for the connections and consistencies that existed in 

Lesson plan 2  

Á Solid lines for the connections and consistencies that existed in 

reflection papers, responses to open-ended questions, and 

interviews  

Á Dashed lines for the connections and consistencies that did not 

exist in any of the data sources 

o If a participantôs PCK for NOS map included one bold line and the 

rest was solid, this participantôs PCK for NOS map was categorized as 

knowledge.  

o If a participantôs PCK for NOS map included a mixture of bold and 

solid lines, this participantôs PCK for NOS map was categorized as 

knowledge-application.  

o If a participantôs PCK for NOS map included only bold lines, this 

participantôs PCK for NOS map was categorized as application.  

All the reliability and validity issues regarding the categorization of 

participantsô PCK for NOS maps will be discussed in the following part under the 

heading of validity and reliability issues of the study. Examples for the maps 

included the followings in Figure 10. 
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Figure 10. Examples of PCK for NOS map categorized in different groups 
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3.8. Validity and Reliability Issues of the Study 

 

The consideration of validity and reliability issues in qualitative research is 

different than its consideration in quantitative research because of the differences in 

their focus; qualitative research focuses on the existence and meaning of the 

phenomenon while quantitative research focuses on to what degree the phenomenon 

exists. These resulted in the use of different terms while talking about the validity 

and reliability issues in qualitative research (Lincoln & Guba, 1985). Lincoln and 

Guba (1985) proposed that ñcredibilityò refers to ñinternal validityò, ñtransferabilityò 

refers to ñexternal validityò, ñdependabilityò refers to ñreliabilityò, and 

ñconformabilityò refers to ñobjectivity.ò They also further elaborated that credibility, 

transferability, dependability, and conformability ensure trustworthiness. Several 

techniques were proposed to operationalize these new terms and more importantly to 

address all these validity and reliability issues in qualitative research. In the 

following part, how all the validity and reliability issues in this qualitative study, 

which refers to trustworthiness, were considered will be presented. 

 

3.8.1. Credibility 

 

Credibility in qualitative research refers to what degree the research results 

are congruent with the reality, which is the phenomenon being investigated 

(Merriam, 1998). ñCredibility requires establishing results in a way that is credible 

from the perspective of participants and the goal is to demonstrate that the study was 

conducted in such a manner as to ensure that the subjects was appropriately 

identified and describedò (Marshall & Rosmann, 2006, p. 201). There are several 

techniques increasing the credibility of qualitative research, namely, prolonged 

engagement, triangulation, peer debriefings, member checks, participatory modes of 

research, and clarifying researcherôs biases. In this study, triangulation, prolonged 

engagement, peer debriefings, and member checks were used to ensure credibility. 

Triangulation refers using different data sources of information by examining 

evidence from the sources and using it to build a coherent justification for themes 

(Creswell, 2007). Patton (2002) defined four kinds of triangulation adding to the 
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credibility; methods triangulation, triangulation of sources, analyst/investigator 

triangulation, and theory/perspective. Triangulation of sources and 

analyst/investigator triangulation were used to increase credibility. Multiple data 

sources including VNOS-C, lesson plan 1 and 2, reflection papers written after each 

PCK for NOS class, responses given to open-ended questions after NOS instruction, 

before each PCK for NOS class, and after PCK for NOS instruction; interviews 

conducted after completing VNOS-C and PCK for NOS instruction; and videotaped 

records of observations were used to achieve triangulation of sources in the current 

study. 

Analyst/investigator triangulation requires using multiple observers, 

interviewers, and analysts instead of one and it was ensured by several ways. 

Throughout all data collection process, at least three researchers who were familiar 

with NOS and PCK were participated all the classes during NOS and PCK for NOS 

instruction.  During the analysis stage, two analysts, among those researchers, 

independently coded the data for NOS and PCK for NOS after forming a rubric for 

NOS and a coding scheme for PCK for NOS.  Moreover, four researchers who were 

studying PCK individually compared participantsô PCK for NOS maps and then 

reached a consensus on categories inductively derived from data. The rubric for NOS 

directly came from NOS literature (Khishfe & Lederman, 2002) and the coding 

scheme used for creating PCK for NOS profiles including participantsô maps was 

formed by me and a researcher who is an expert on both PCK and PCK for NOS by 

discussing and negotiating any incongruities. After formation of the rubric and 

coding scheme, two independent researchers coded the data for NOS and PCK for 

NOS.  The incongruities between researchers were resolved by negotiation and 

discussion. 

Prolonged engagement is achieved by being present in the research site for an 

extended period of time. The more researcher engages with the reality, the less s/he 

affects the setting and in addition the more s/he can reach the reality. I spent a whole 

year, including two semesters, within this research setting and with this participant. I 

participated all the classes during NOS and PCK for NOS classes. Most of the time, I 

was one of the leading instructor of the class and had a chance to observe and talk 

with participants in and out of the class settings.  
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Peer debriefing involves locating a person who reviews and asks questions 

about qualitative study (Marshall & Rossman, 2006). I consulted two of my 

colleagues who had experience in qualitative research and were studying NOS and 

PCK during collecting, coding, analyzing and interpreting the data. 

Member check is the most essential technique for establishing the credibility 

of the study (Lincoln & Guba, 1985). It refers to make the participants of the study 

check the data, categories and interpretations (Creswell, 2003). After completion of 

analysis of data, one of the profiles created for the participantôs PCK for NOS were 

printed out and the participants were asked to check the data, categories and 

interpretations.  

Although all the aforementioned efforts enhance credibility, Patton (2002) 

advocated that credibility in qualitative research also depended on ñthe credibility of 

the researcher and philosophical belief in the value of qualitative inquiryò (p. 552). 

Credibility of the researcher is related to researcherôs ñtraining, experienceò (p. 552) 

while philosophical belief in the value of qualitative inquiry refers to ñéfundamental 

appreciation of naturalistic inquiry qualitative methods, inductive analysis, 

purposeful sampling, and holistic thinkingò (p. 553). Before this study, I took a 

course on qualitative research. Also, I was involved in various researches on NOS, 

PCK, and PCK for NOS both in Turkey and USA. All these evidences helped me to 

increase my credibility as a researcher on PCK for NOS. 

 

3.8.2. Dependability 

 

 The issue of reliability should be considered in two contexts within 

qualitative research. First, if multiple data are used, are they internally consistent? In 

this study, various data sources including lesson plans, reflection papers, responses to 

open-ended questions, and interviews were used and all these data sources were 

internally consistent with each other. Second context is related to the process of data 

analysis; inter-coder agreement. In this study, inter-coder agreement was achieved 

for both analysis of the change in participantsô NOS views and PCK for NOS. For 

NOS, two researchers who have experience on NOS, chemistry education, and 

qualitative research coded the NOS data for 25% of VNOS-C. For PCK for NOS, 
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two researchers who have experience on NOS, chemistry education, PCK, PCK for 

NOS, and qualitative research coded the PCK for NOS data for five participants. 

Inter-rater reliabilities were calculated for NOS and PCK for NOS in order to 

enhance credibility. The formula proposed by Miles and Huberman (1994) was used 

during calculation as; 

 

Reliability = Number of agreements/ 

(Total number of agreements + disagreements) X 100 

 

Inter-rater reliability was calculated as 95% for NOS and %90 for PCK for 

NOS. The inconsistencies between coders were resolved by negotiating and 

discussing. 

 

3.8.3. Transferability 

 

Transferability refers to what extend the findings of the study can be useful to 

others with similar research questions (Lincoln & Guba, 1985). In order to show the 

degree to which the results of this study can be useful in other settings thick 

description was used. Thick description requires providing a description rich enough 

to permit the reader to determine how well this study transfers to other similar 

situations (Patton, 2002). The physical and cultural environment of the college of 

education, chemistry teacher education program, participants, and the context where 

NOS and PCK for NOS instruction conducted were described in detail. 

 

Until now, how the validity and reliability issues ensured were discussed in 

detail. In the next parts, data base search, role of the researcher, ethical issues, and 

schedule will be explained in detail. 

 

3.9. Key Words and Databases Searched 

 

Key terms were determined based on the literature. Although chemistry 

teacher education was the major concern, both pre-service and in-service science 



 

 

 

116 

teachers were used as key words in addition to chemistry teachers since NOS is 

above the particular discipline in science. The key terms used in this study were 

NOS, PCK, PCK for NOS, pre-service science teachers, in-service science teachers; 

pre-service chemistry teachers, and in-service chemistry teachers. Among the 

databases Science Direct, Educational Resource Information Center (ERIC), and 

International Dissertation Abstract were searched for general and reaching primary 

sources were searched. Various journals in Turkey, having online access, were also 

searched to reach the primary sources such as. Hacettepe University Journal of 

Education, Education and Science, and Elementary Online, ¢ukurova University 

Journal of Education, Kastamonu Education Journal, Gazi University Journal of 

Education, Eurasia Journal of Mathematics, Science and Technology Education, 

Eurasian Journal of Educational Research, and Educational Science: Theory and 

Practice) were searched. In addition to databases, I searched the various libraries in 

different universities (e.g., Middle East Technical University, Gazi University, and 

University of Missouri) in order to reach the books. The literature review is a never 

ending process and it continued throughout all the phases of dissertation. After 

completion of literature reviews, all the primary sources were read by noting relevant 

key points. 

 

3.10. The Role of the Researcher 

 

In qualitative research, since the researcher is the key instrument (Marshall & 

Rossman, 2006) s/he should explain his/her role. Patton (2002) proposed a 

continuum describing the researcherôs role in a qualitative research; participantness, 

revealedness, intensiveness, and extensiveness. 

The degree of participantness ranges between full participant and complete 

observer. In between the two, the researcher might take several roles including the 

characteristics of both observer and participant. Participant observation is a type of 

observation where the researcher is not a passive observer rather s/he may take 

various roles and even may participate the events being studied. In this study, I was 

participant observer since I conducted all the course activities, which were mainly 

preparing each class's content (what to teach and how to teach it) and teaching. In 
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each class, the research group of two or three was the leader in conducting all the 

course activities. However, the other researchers were also responsible during the 

guidance provided to small group discussions. As well as I had many opportunities to 

teach NOS to that group of participants before PCK for NOS instruction, I instructed 

all the classes took place in PCK for NOS instruction. These participant observations 

enabled me to realize how actually PCK for NOS works (Flick, 2006).  

Revealedness is related to participantsô awareness about there is an ongoing 

study and ranges between full disclosure and complete secrecy. The course formed 

the context for both this study and TUBITAK project. At the beginning of the 

2009/2010 academic year, principal investigator introduced the project and 

researchers to the participants. Also, participants were asked to sign a consent form 

and all participants voluntarily signed the form. The course spanned two semester 

and the participants already got used to be involved all class activities and be 

recorded by video camera during PCK for NOS instruction which implemented in 

second semester. 

Intensiveness and extensiveness is related to the amount of time that 

researcher spend in the context (Marshall & Rossman, 2006). As I explained before, 

I participated all the classes in NOS and PCK for NOS instruction, spanned two 

semesters. During these classes, sometimes I taught or co-taught the classes. 

Therefore, the participants perceived me as one of their teachers rather than one of 

the researchers. Hence, in this study, I had enough time to build trusting relations 

with the participants. 

 

3.11. Negotiating Entry  

 

ñResearch on Chemistry Education Courseò was elective and all the 

participants voluntarily took the course knowing that they would gain new insights 

on chemistry education. Moreover, they knew that this course would be different in 

terms of coursework from other courses in their program. At the beginning of the 

course, all participants were informed about the TUBITAK project and the course 

requirements. Before the PCK for NOS instruction begun, I had explained my 
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research to the participants honestly and the participants voluntarily involved in all 

the activities.  

 

3.12. Ethical Considerations 

 

Ethical standards were taken into consideration from the beginning of the 

study to the end. First of all, I applied to Institutional Review Board (IRB) 

permission and it had been taken before the study begun (Appendix H). IRB 

acknowledged that participants would be fully aware of the purpose and no potential 

risk or harm involved in the study. Anonymity of the participants and the university 

were ensured.  Pseudonyms were used for all the participants and all the participants 

voluntarily accepted to participate in the study by signing a consent form. In this 

consent form and at the beginning of the course, the participants were informed 

about the purpose of the study. Also, nobody except the researcher, supervisor, and 

coders had access to the data. Hence, all the issues regarding ethics in research, 

namely, deception of the participants, protection of the participants from harm, and 

confidentiality were assured (Frankel & Wallen, 2006).  

 

3.13. Limitations and Trustworthiness of the Study 

 

There are two limitations which are inherent to the nature of qualitative 

inquiry. The first one is related to disturbance of natural setting. Existence of 

researcher and video recording of all classes might have affected the participantsô 

behaviors. However, as I explained before, this study was conducted within a two-

semester long course and although participants were informed about the research 

after a while they perceived me as one of their teacher rather than a researcher. This 

was because, I taught or co-taught all the classes held during the course. Also, 

participants never expressed that they had some stress because of the video camera. 

They behaved whether there was no camera existed. The second one is related to 

generalizability of the study. The participants were typical in the sense that they took 

similar courses during their teacher education program compared to other chemistry 

education majors in other universities in Turkey. Also, to the best of my knowledge, 
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I can conclude that these participants were not different from other pre-service 

science teachers in other European countries and USA based on my readings and 

experiences in USA. The findings of the study could be transferred into other similar 

settings. Other limitation in this study was related to the lack of several data sources. 

This study lacked of interviews associated with pre-service teachersô reasoning 

behind their lesson plans. There are several ways in compensating the absence of 

interviews such as using Content Representation Tools (CoReS) and Pedagogical and 

Professional-experience Repertoires (Pa-PeRs) (Loughran et al., 2008). In this study, 

reflection papers were used in that sense since participants provided explanations 

about their possible actions. Moreover, during the analysis and interpretation of data, 

I differentiated participants provided evidence about their PCK for NOS in their 

reflection papers (labeled as knowledge level) from the ones who translated their 

PCK into their lesson plans (labeled as application level).  

 

3.14. Time Schedule 

 

Data were collected from 30 pre-service chemistry teachers enrolled to an 

elective ñResearch on Chemistry Education Courseò in a public university in Ankara. 

Table 9 shows the timeline of the research. 

 

Table 9. Timeline for the research 

 

Date Events 

June 2008 ï December 2008 

 

Design of the study 

December 2008 ï September 2009  Development of activities and data collection 

sources 

September 2009 ï December 2009 

 

Piloting the study 

December 2009 ï March 2010 Data analysis of the pilot study and revision of 

the activities and instruments 

March 2010 ï July 20010 

 

Data Collection 

August 2010 ï August 2011 

 

Data Analysis 

August 2011 ï November 2012 

 

Writing results, conclusion, and discussion 

section  
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3.15. Assumptions of the Study 

 

There were several assumptions inherent to the study; 

 Participants are information rich cases. 

 Participants have enough SMK about the topic they prepared lesson plans. 

 Having inadequate understanding of NOS is a pre-requisite for developing 

PCK for NOS. 

 Reflection papers provided the pre-service teachersô reasoning behind their 

lesson plans. 

 Assuming the same strength for different connections between any two 

components for convenience at the beginning of analysis but later focusing on 

the differences among the participants by elaborating the power of 

connections and hence tackled with this limitation 
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CHAPTER IV  

 

 

RESULTS 

 

 

 

In this chapter, results are presented under three main parts: the change in 

pre-service chemistry teachersô NOS understanding, development of their PCK for 

NOS, and lastly the relationship between pre-service chemistry teachers' NOS 

understanding and their PCK for NOS. Each part provided the answers for sub-

problems of the main research question, which is ñHow is pre-service chemistry 

teachersô PCK for NOS including STO, KoL, KoIS, and KoA developed throughout 

PCK for NOS instruction?ò The change in pre-service chemistry teachersô NOS 

understanding part answered the sub-problems of ñWhat kinds of views do the 

preservice chemistry teachers have on the NOS concepts before explicit-reflective 

NOS instruction?ò and ñWhat kinds of views do the preservice chemistry teachers 

have on the NOS concepts after explicit-reflective NOS instruction?ò Development 

of pre-service chemistry teachersô PCK for NOS provided answers to the sub-

problems of ñWhich components of PCK for NOS do pre-service chemistry teachers 

develop throughout PCK for NOS instruction? How and to what degree do pre-

service chemistry teachers translate PCK components into their lesson plans?" and 

How and to what degree do pre-service teachers integrate the components of their 

PCK for NOS?ò Relationship between pre-service chemistry teachersô NOS 

understanding and their PCK for NOS part included the answer given to the question 

of ñHow are pre-service chemistry teachersô NOS understanding and their PCK for 

NOS related? ò 

 

4.1. The Change in Pre-service Chemistry Teachersô NOS Understanding 

 

VNOS-C in conjunction with follow-up interviews was used as main data 

collection source in identifying how pre-service chemistry teachersô NOS views 
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changed. Considering the administration of VNOS-C at several times and there are 

some missing data in second administration of VNOS-C, the change in participantsô 

NOS understanding was presented under several sub-parts; 

 the participantsô NOS views before and after  the NOS instruction (as 

indicated by the percentages of their views);  

 the change in the participantsô views on each NOS aspect before and after 

the NOS instruction (as indicated by percentages of naµve, transitional, 

and informed views and supported with the quotes for those views).  

Although a a researcher I did my best in collecting data in some of the 

VNOS-C there were some unanswered items and this caused missing data related to 

some aspects of NOS. In the first VNOS-C administered before NOS instruction 

13.3% of the participants' views in each NOS aspect was missing whereas it was 

3.3% in theory and law aspect in the VNOS-C administered after NOS instruction. 

Therefore, the sum of percentages of participants with naive, transitional, and 

informed views may not be 100 at all times when percentages were presented. First 

of all, the overall change in participantsô naive, transitional, and informed NOS 

views before and after the NOS instruction was presented to provide a big picture of 

the change (see Figure 11). In Figure 11, the percentage of participants with naµve, 

transitional, and informed NOS views in two administration of VNOS-C instrument 

was presented independent from the aspects so that how the number of participants 

with different NOS views changed could be easily realized. There was a gradual 

increase in the number of participants with informed NOS views (26.2% of 

participants before and 72.9% after) whereas there was a gradual decrease in the 

number of participants both with naµve NOS views (32.9% of participants before and 

5.2% after) and with transitional NOS views (27.6% of participants before and 

21.4% after). It can be concluded that explicit-reflective NOS instruction contributed 

to pre-service chemistry teachersô NOS understandings. 
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Figure 11. Percentage of participants with naµve, transitional, and informed NOS 

views before and after NOS instruction 

 

 

Second, analysis of VNOS-C administered before the NOS instruction 

indicated that pre-service chemistry teachers had various misconceptions about NOS 

(e.g., hypotheses become theories that turn into laws, scientists are particularly 

objective). When all NOS aspects addressed in the NOS instruction was considered, 

the percentage of naµve (32.9%) and transitional (27.6%) views was 60.5% whereas 

the percentage of informed views was 26.2% (13.3% of the views was missing). 

While vast majority of the participants (80%) had naµve view about theory-law 

aspect of NOS, interestingly no participant had naµve view about creative and 

imaginative NOS aspect. However, even in the creative NOS aspect where no 

participants expressed naµve view, 43.3% of the participants had transitional view 

about the role of creative and imagination in science, which was an evidence for the 

inconsistency in their NOS views (see Figure 12).  
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Figure 12. The percentage of participants with naµve, transitional, and informed 

NOS views in each NOS aspect before NOS instruction 

 

 

Third, analysis of VNOS-C administered after the NOS instruction indicated 

that participantsô NOS views changed in the desired way; decrease in naµve and 

transitional views, and increase in informed views (see Figure 13). When all NOS 

aspects addressed in the NOS instruction was considered, it is seen that the average 

percentage of transitional and naµve views decreased substantially whereas the 

percentage of informed views rose to 72.9%.  In spite of the increase in informed 

NOS views, pre-service chemistry teachers still had difficulty in understanding 

empirical-based (6.7%), and social and cultural embedded NOS (6.7%) as well as the 

difference between theory and law (13.3%), and observation and inference (10%). 
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Figure 13. The percentage of participants with naµve, transitional, and informed 

NOS views in each NOS aspect after NOS instruction 

 

 

Fourth, to provide a clear picture of how the number of naµve, transitional, 

and informed NOS views changed throughout the NOS instruction, participants 

VNOS-C results before, during, and after the NOS instruction were compared (see 

Figure 14). The comparisons revealed that there were remarkable increases in the 

number of participants with informed NOS views in each aspect. The most 

noticeable change was observed in theory and law aspect and this was followed by 

social and cultural embedded and theory-laden NOS aspects. The number of 

participants with naµve views decreased in those aspects and those decreases were 

accompanied by increases in the number of participants with informed views. The 

least change was evidenced in creative and imaginative NOS aspect since there was 

no participant with naµve views before NOS instruction. 
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Figure 14. The comparison of VNOS-C results obtained from its administration 

before and after NOS instruction 

 

 

Finally, regarding how the participantsô NOS understanding changed 

throughout NOS instruction, in this part, the change in pre-service chemistry 
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teachersô views on each NOS aspect before, during, and after NOS instruction was 

elaborated under the sub-headings of NOS aspects. 

Scientific knowledge is tentative: Before the NOS instruction, all participants 

stated that scientific knowledge was tentative. However, most of them explained that 

laws do not change and are absolute. Therefore, 40% of the views in this aspect were 

categorized as transitional. A gradual decline was observed in the number of the 

participants believing that laws are absolute in VNOS-C administered after the NOS 

instruction. Also, the percentage of transitional views decreased in VNOS-C 

administered after the NOS instruction and this decrease was accompanied by the 

increase in the percentage of the participants with informed views (96.7%) (see Table 

10). After the NOS instruction, most of the participants expressed that all scientific 

knowledge could change and there was no place for absolute knowledge in science 

(see Table 11 for sample statements).  

 

 

Table 10. The number and percentage of the participantsô views about 

ñtentativeness of scientific knowledgeò in VNOS-C administered before and after 

the NOS instruction 

 

 Time of VNOS-C administration in the NOS instruction 

Views Before After 

Naive 4 (13.3%) 0 (0%) 

Transitional 12 (40%) 1 (3.3%) 

Informed 10 (33.3%) 29 (96.7%) 
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Table 11. Participantsô sample statements related to tentativeness of scientific 

knowledge after the NOS instruction 

 

Level Sample Statements 

Naive 

é things that we accepted as laws cannot change in any sense.  

Scientific theory can change while scientific laws cannot. For 

instance, Conservation of Mass law is always true and covers all the 

physical-chemical changes.  

élaws do not change such as law of gravity 

Informed 

éscience is tentative and can be questioned. It is not static and 

absolute. If [scientific knowledge] is insufficient in answering 

questions of humankind in time, it changes.   

Science does not consist of absolute truths. It can continuously 

change as a result of researches.  

Because scientific knowledge can change.  

But science can be questioned and change. In first place, 

fundamental base of science is the change. 

 

Science is based on observations and experiments: Before the NOS 

instruction, only 26.7% of the participants expressed that experiments have important 

role in science and experiments are not the principal role to scientific knowledge (see 

Table 12). After the NOS instruction, there was a considerable decrease in the 

number of participants with naµve and transitional views and almost three quarter of 

the participants had informed views about this aspect (see Table 13).  

 

Table 12. The number and percentage of the participantsô views about ñscience is 

based on observations and experimentsò in VNOS-C administered before and 

after the NOS instruction 

 

 Time of VNOS-C administration in the NOS instruction 

Views Before After 

Naive 8 (26.7%) 2 (6.7%) 

Transitional 10 (433.3%) 6 (20%) 

Informed 8 (26.7%) 22 (73.3%) 
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Table 13. Participantsô sample statements related to ñscience is based on 

observations and experimentsò after the NOS instruction 

 

Level Sample Statements 

Naive 

If we do not do the experiments, we cannot prove that scientific 

knowledge is wrong.  

Whether hypotheses are true or not can reveal only when we 

conduct experiment.  

Because we can prove that scientific knowledge is true merely by 

doing experiments.  

Informed 

Experiments may not be required to produce every kind of 

scientific knowledge.  

I do not thing that scientific knowledge is not produced without 

doing an experiment. But I believe that experiments are necessary 

for producing scientific knowledge more easily or developing it.  

[Science] is a mental activity where data obtained from the 

experiments are questioned, evaluated, [and] warrants are 

presented, [and] which is enriched by hypotheses and theories. 

 

Scientific knowledge is based on inferences as well as observations: Before 

the NOS instruction, majority of the participants had naµve and informed views in 

this aspect (see Table 14). In other words, the participants did not provide consistent 

views about the role of indirect evidence in science, the role inferences as well as 

observations in producing scientific knowledge, and the nature of scientific models 

(see Table 15). After the NOS instruction, there was an increase in the number of 

participants with informed views (from 13.3% to 23.3%) bearing in mind that, this 

increase was not enough as desired.  

 

Table 14. The number and percentage of the participantsô views about ñscientific 

knowledge is based on inferences as well as observationsò in VNOS-C 

administered before and after the NOS instruction 

 

 Time of VNOS-C administration in NOS instruction 

Views Before After 

Naive 8 (26.7%) 3 (10%) 

Transitional 14 (46.7%) 20 (66.7%) 

Informed 4 (13.3%) 7 (23.3%) 
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Table 15. Participantsô sample statements related to ñscientific knowledge is 

based on inferences as well as observationsò after the NOS instruction 

 

Level Sample Statements 

Naive 

Science is based on confirmation and proof. Therefore, science 

reflects reality. For instance, [the idea of] atoms have building 

blocks was proven.   

[Scientific knowledge] is verified by observations, proofs. With 

the electroscopes, [scientists] investigated the smallest building 

block of matter. 

Informed 

We said that science progressed systematically. Hence, new data 

[and] scientific knowledge is produced with the more 

comprehensive experiments and inferences based on those 

[experiments] conducted in the light of technological 

developments. 

Scientists have been accepted the most valid model about structure 

of the atom and used it. Still it has not been stated that this model 

is absolutely true. But it was accepted since that model is the one 

of which its use is true.  

Nowadays, various atom models have been developed. But, atom 

[as we know it today] was modeled with the experiments.  

 

 

Scientific theories and laws have different roles in science: Before NOS 

instruction only one participant had informed view about the role of theories and 

laws in science (see Table 16). Additionally, this aspect is the one of which the 

participants had the highest number of naµve views when compared to the ones in 

other aspects of NOS. Most of the participants believed that there was a hierarchical 

relationship between theory and law as well as theories were not proven and would 

be laws when proven (see Table 17). Also, they confused law with phenomenon. 

Naµve views about the role of theory and law in science decreased mostly when 

compared to the decreases in naµve views in other NOS aspects. However, the 

percentage of participants with informed views increased to 70% in the VNOS-C 

administered after the NOS instruction. 
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Table 16. The number and percentage of the participantsô views about ñscientific 

theories and laws have different roles in scienceò in VNOS-C administered 

before and after the NOS instruction 

 

 Time of VNOS-C administration in NOS instruction 

Views Before After 

Naive 24 (80%) 4 (13.3%) 

Transitional 1(3.3%) 4 (13.3%) 

Informed 1 (3.3%) 21 (70%) 

 

 

Table 17. Participantsô sample statements related to ñscientific theories and laws 

have different roles in scienceò after the NOS instruction 

 

Level Sample Statements 

Naive 

Theories can change. If a theory is accepted by all scientists, it 

turns into law. When it becomes a law, it does not change. 

Law is an unchanged reality. On the other hand, theory is a 

knowledge which is not accepted by all scientists and can change 

with new information.  

éas it is obvious from its name it is a theory and not absolute. 

Scientific theories can change in time while scientific laws are 

accepted without pursuing their change. For instance, theory of 

evolution is known but not accepted whereas law of gravity is 

known and accepted. 

Since whether theories are true or not cannot be completely 

proved they did not turn into laws and can change.  

Informed 

Scientific theory explains phenomena. Laws are about the 

relationships between phenomena. For instance, 

 Law of gravity. 

Boyle and Charles Laws explain the relationship between 

variables while Kinetic Molecular Theory explains how the 

phenomenon occurs.  That is the difference between scientific 

theory and law is not to with one is supported more than the 

other. There is no hierarchy between them. 

 

 

Scientific knowledge is theory-laden and includes subjectivity: Before the 

NOS instruction, almost one third of the participants had naµve view in this aspect 

stating that science and scientific knowledge is objective, and is not affected by 

scientistôs existing knowledge, attitudes or values. However, there was no participant 
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having that belief in VNOS-C administered after the NOS instruction (see Table 18). 

Before the NOS instruction, 33.3% of the participants had informed view about 

theory-laden NOS aspect and there was a remarkable increase in the participants with 

informed view in this aspect (80% of the participants in VNOS-C administered after 

the NOS instruction). Most of the participants emphasized that scientists inevitably 

are affected by their existing knowledge, attitudes, and values after NOS instruction 

(see Table 19). 

 

 

Table 18. The number and percentage of the participantsô views about ñscientific 

knowledge is theory-laden and includes subjectivityò in VNOS-C administered 

before and after the NOS instruction 

 

 Time of VNOS-C administration in NOS instruction 

Views Before After 

Naive 9 (30%) 0 (0%) 

Transitional 7 (23.3%) 6 (20%) 

Informed 10 (33.3%) 24 (80%) 

 

 

Table 19. Participantsô sample statements related to ñscientific knowledge is theory-

laden and includes subjectivityò after the NOS instruction 

 

Level Sample Statements 

Naµve 

Scientific knowledge is objective.  

Science must not be affected by these terms. There is one reality. That 

reality does not change from region to region or person to person.  

But physics, biologyé[are] objective. There is no place for subjectivity.  

Informed 

When scientists propose and explanation about a phenomenon they are 

affected by their experiences, existing knowledge, and beliefs.  

Since scientistsô personality, point of views, interpretations, and beliefs 

are different from each other there are two hypotheses  

It [presence of two theories on extinction of dinosaurs] stems from the 

differences in scientistsô existing knowledge. Individuals having different 

degrees in various disciplines bring different viewpoints for the events 

they encountered and hence they propose different hypotheses.  

Scientists can reach different conclusions even they use the same data 

based on their existing beliefs, and social and cultural environment they 

live.  
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Social and cultural factors affect science: Before the NOS instruction 30% 

of the participants believed that science was inevitably affected by social and cultural 

values whereas the percentage of participants with that belief increased to 73.3% 

(Table 20). About half of the participants (53.3%) stated that science was universal, 

and not affected by social and cultural factors before the NOS instruction. However, 

there were only two participants having that belief after the NOS instruction (see 

Table 21 for participantsô statement examples in this aspect).  

 

 

Table 20. The number and percentage of the participantsô views about ñsocial 

and cultural factors affect scienceò in VNOS-C administered before and after the 

NOS instruction 

 

 Time of VNOS-C administration in NOS instruction 

Views Before After 

Naive 16 (53.3%) 2 (6.7%) 

Transitional 1 (3.3%) 6 (20%) 

Informed 9 (30%) 22 (73.3%) 

 

 

Table 21. Participantsô sample statements related to ñsocial and cultural factors 

affect scienceò after the NOS instruction 

 

Level Sample Statements 

Naive 

Science is universal. Science is not affected from social and cultural 

values in any sense.  

If science is not universal we would be living in Stone Age. 

There is no true or false and everybody has his/her own idea. 

We have a proof in hand and we defend it. It is impossible that the 

proof can be affected from social and cultural values.  

Informed 

Science reflects the social and cultural values of the society in which 

it is conducted. Because science is a human endeavor.  

Social and cultural values direct peopleôs need too. Scientific studies 

are conducted with the purpose of satisfying those needs. Therefore, I 

have the belief that scientific studies reflect the social and cultural 

values. 

Science reflects the social and cultural values and is affected from 

them.  
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Creativity and imagination plays a major role in science: The role of 

creativity and imagination aspect is the one of which the participants had least 

difficulty in understanding (see Table 22). Before the NOS instruction, all 

participants explained that creativity and imagination is important in science and 

nearly half of the participants believed that creativity and imagination is used in 

particular phases of an investigation. More importantly, they advocated that scientists 

must be objective and therefore creativity and imagination is not used in data 

interpretation (see Table 23). After the NOS instruction, 93.3% of the participants 

stated that creativity and imagination is important in every phase of a scientific 

investigation including data interpretation.  

 

Table 22. The number and percentage of the participantsô views about ñcreativity 

and imagination plays a major role in scienceò in VNOS-C administered before 

and after the NOS instruction 

 

 Time of VNOS-C administration in NOS instruction 

Views Before After 

Naive 0 (0%) 0 (0%) 

Transitional 13 (43.3%) 2 (6.7%) 

Informed 13 (43.3%) 28 (93.3%) 

 

 

 

Table 23. Participantsô sample statements related to ñcreativity and imagination 

plays a major role in scienceò after the NOS instruction 

 

Level Sample Statements 

Naive 

éIt is useful to utilize it [creativity and imagination] in the first phase 

[planning and design of an investigation]. The latter phases [data 

collection and data interpretation] must be bases on evidence. 

Scientists use their creativity and imagination after they collect data. 

Informed 

In every phase [planning and design of an investigation, data 

collection, and data interpretation] of an investigation, creativity and 

imagination is used. 

Scientists put their creativity and imagination into every phase 

beginning from the observation when they produce scientific 

knowledge.  
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Science and technology is not the same thing: Since there was no question 

related to this aspect in VNOS-C, activity sheets, video recordings of class 

discussion, and interviews were used as data sources. Analysis of data revealed that 

the participants had inadequate views about science and technology before the NOS 

instruction. They stated that science and technology were different from each other 

but could not explain the difference. Most of the participants (82%) defined 

technology as the application of science (e.g., machines or computers). After the 

NOS instruction, only five participants had still that belief about technology whereas 

others described technology as a technique, process or system directed to satisfy a 

need. Additionally, 82% of the participants explained the difference between science 

and technology by differentiating them with regard to purpose, process, and product. 

All the participants believed that science and technology were closely related both 

before and after the NOS instruction. However, 61% of the participants thought that 

a technological development based on a scientific discovery, which was consistent 

with their belief that technology was an application of science before the NOS 

instruction. On the contrary, all the participants but three started to think that science 

is not the only base for a technological development.  

 

4.1.1. The Change in Each Participantôs NOS Views with regard to Every 

Aspect Before and After the NOS Instruction 

 

NOS understanding refers to SMK in this study and is a pre-requisite for a 

well-developed PCK for NOS (van Driel et al., 1998). Therefore, it is important to 

analyze how each participant changed his/her NOS views with regard to every aspect 

after the NOS instruction (see Table 24). Also, those findings will shed light to the 

findings about the relationship between pre-service chemistry teachersô NOS 

understanding and their PCK for NOS. 

 

 

 

 

 



 

 

 

 

 

 

 

Table 24: The change in participantsô NOS views with regard to each aspect before and after NOS instruction  

 

 NOS aspects 

 Tentativeness 
Empirical -

based 

Observation 

& Inference 

Theory & 

Law 

Theory-

Laden 

Sociocultural-

embedded 

Creativity & 

Imagination 

 Before After Before After Before After Before After Before After Before After Before After 
Participants 

Ahmet I*  I T I I I N I T T I I T I 

Ayse T**  I T T N I N T N I N I T I 

Arda M***  I M I M T M N M T M I M T 

Beste T****  I I I I I N N N I N I I I 

Bur­ak M I M I M T M I M T M I M I 

Derya N I T I N N N I I T N I I I 

Ebru T I I I I I N T N I N I T I 

Erdi I I I T T T N I T I I I I I 

Ferhat M I M I M T M N M I M T M I 

Figen T I I I I T N I T I N I I I 

Gºzde T I T I N T N I T I N I I I 

Gaye I I N I I I N I T I N I T I 

Gºk­e I I T I N T N I N I N I T I 

Haydar N I I I T T N T I I N I I I 

               

1
3

6 
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 Table 24 (continued) 

 

 NOS Aspects 

 Tentativeness 
Empirical -

based 

Observation 

& Inference 

Theory & 

Law 

Theory-

Laden 

Sociocultural-

embedded 

Creativity & 

Imagination 

Participants Before After Before After Before After Before After Before After Before After Before After 

Hale T T N N I N N I I I I T I I 

H¿lya T I I I N I N I I I I T I I 

Haki T I T I I I N N N I I I T I 

Ķzzet I I I I I I N I N T I T I I 

Kader I I N N I I I I I I I I T I 

Melek N I T T N I N I I I N I I I 

Meral N I N I I I N I N I I I T I 

Mehtap I I N I T I N I N I N I T I 

Nilay I I I I I I N I I I N T I I 

Nurdan T I T I T I N I I I N I T I 

¥zg¿n I I T T T N N T I I I T I I 

Oya T I T T I I N I T T N N T T 

¥zden I I N I I I T I T I N I I I 

Serhat M I M T M I M M M I M N M I 

Serap T I N I T I N I N I T I T I 

Yasemin T I N I N T N I I I N I T I 

*I refers to informed view, **T refers to transitional views, ***M refers to missing data, ****N refers to naive view 

1
3

7 
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4.2. Development of Pre-service Chemistry Teachersô PCK for NOS 

 

In the PCK literature it is strongly recommended that researchers must focus 

on the interaction among the components (Abell, 2008) in order to understand the 

quality of PCK. Since a teacherôs PCK highly depends on the degree of integration 

and coherence among components (Park & Oliver, 2008a; Friedrichsen Abell, Pareja, 

Brown, Lankford, & Volkman, 2009) and the literature provides the evidence for 

uneven development of PCK components (Hanuscin et al., 2011, Magnusson et al., 

1999), I will focus on  (a) the degree of integration among PCK components, (b) the 

frequency and nature of connections, (c) connections evident in application versus 

evident in knowledge only, and finally (d) the power of connections among the 

participants in the same category. 

 

4.2.1. The Degree of Integration 

 

The analysis of 30 pre-service chemistry teachersô post-intervention PCK for 

NOS maps showed that all participants developed PCK for NOS in some extent and 

nevertheless the participantsô PCK for NOS were different from each other in terms 

of both the degree of integration among the components and the degree to which 

these components and connections manifest themselves in their lesson plans and 

reflection papers. Table 25 shows how pre-service chemistry teachers are distributed 

among seven categories emerged as a result of constant-comparison analysis of PCK 

maps. Results related to participants in each group will be presented separately. 

 

 

Table 25. Number of participants in each PCK category 

 

Degree of integration 

Degree of translation into lesson plan 

Knowledge Knowledge-Application Application 

   Highly-integrated 2 2 10 

Somewhat-integrated 4 3 6 

Non-integrated 0 0 3 
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4.2.1.1. Highly-Integrated PCK for NOS 

 

The participants in this groups are the pre-service chemistry teachers who 

have five and six connection and consistency in their PCK for NOS map (the 

maximum number of connection and consistency can be six since there are four 

conponents of PCK for NOS). These group will be elaborated considering the degree 

to which those pre-service chemistry teachers translated their PCK for NOS into their 

lesson plans. First of all, participants in application level  (i.e., five or six of the lines 

in their map are bold indicating they all translated the components that they 

developed to their lesson plans) will be explained, then in knowledge-application  

level (i.e., their map include a mixture of bold and solid lines indicating that they 

translated some of the componentd they developed), and finally in knowledge level 

(i.e., their map include one bold line and the rest is solid indicating that they could 

not translate all of the components they developed but one). 

One third of the participants were categorized as application level, integrated 

the four components of PCK that were emphasized in the course, as evident in their 

lesson plans. All of them were oriented to teach NOS and included NOS objectives 

in their lesson plans as well as chemistry related ones. Also, their orientations to 

integrate NOS into their teachings were obvious in their reflection papers as they 

answered the question related to the purpose of their chemistry teaching. One of the 

pre-service chemistry teachers stated that "The purpose of chemistry education is to 

reach scientific literacy by helping students to understand and gain science process 

skills, nature of science as well as chemistry concepts.ò Moreover, the NOS related 

objectives were evident in her lesson plan (e.g., students will be able to explain what 

theory is, what law is, the difference between theory and law). All participants in this 

group provided evidence for consistency of their KoL, KoA, and KoIS with their 

NOS teaching orientation in their lesson plans. They all planned their lesson 

considering studentsô difficulties and misconceptions about NOS, used various types 

of explicit-reflective approaches as the instructional strategy, and assessed studentsô 

understanding of NOS at the beginning, throughout, and/ or at the end of the lesson. 

For instance, one of the student teachers, Gozde, planned her lesson to teach 

Avogadroôs number and she asked her students to design an investigation for 

measuring the mass of one NaCl crystal where students only used observations. Her 
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goal was to overcome studentsô belief in the myth that ñExperiments are the principal 

routes to scientific knowledge (McComas, 1998).ò After groups completed and 

presented their findings together with their investigation process, Gozde conducted 

an explicit-reflective debriefing by asking the questions of  

...How did you measure the mass of one NaCl crystal? Did you conduct any 

experiment or did you just make observations? Is it possible to produce 

scientific knowledge without doing an experiment in science? Can you give 

examples of scientific knowledge where scientists rely on observations and 

inferences?...  

To assess whether students changed their NOS conceptions, Gozde chose to 

have her students watch a video including different areas of science of which some 

of them use observation and experiment while other just can use observations. After 

students watched the video, she asked students to differentiate these areas and give 

examples from the video together with their reasoning. 

In addition to consistencies evident in highly-integrated groupôs participants, 

six of the participantsô KoL, KoA and KoIS informed each other in different ways. 

Five of them had connections among their KoL, KoIS, and KoA and four of them 

used their KoA to reveal students misconceptions on related NOS aspect they wanted 

to teach and then considered studentsô misconceptions when designing instruction. 

That is, their KoA consecutively informed their KoL and KoIS. They used concept 

maps, true-false test items, and questions to reveal studentsô misconceptions and then 

preferred instructional strategies and discussion questions to eliminate those 

misconceptions. For instance, Nilay administered 10 questions in true-false format as 

a pre-assessment and three of the questions were directly related to NOS; 

ñDefinitions about the phases of matter is absolute, Scientists produces unchangeable 

knowledge since they do numerous test, Scientists claim that previous knowledge in 

the discipline is wrong since they do not like each other.ò She stated that ñThe 

purpose of administering this test is to elicit studentsô misconception and design 

instruction considering studentsô misconception.ò Moreover, she conducted explicit-

reflective discussion based on expected studentsô answers; 

Nilay (N): Scientists thought and searched for the nature and states of matter 

throughout the history. If you consider this process for producing scientific 
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knowledge, what are the things that stood out to you? Is there only one and 

only scientists studied on nature of matter?  

Expected Student Answer (ESA): Lots of scientists worked on the same 

topic.  

N: What else? Did any of them use the already existing knowledge in the 

discipline? or Did scientists start to work over?  

ESA: Scientists used the previous knowledge available in the discipline 

produced by other scientists.  

N: Were the knowledge accepted as absolute or did they change over time?  

ESA: There was a change in scientific knowledge produced throughout 

history.  

Also, Nilay explained the plasma state of matter and she stated that by this 

way she exemplified the tentativeness of scientific knowledge.   

Five of the participants in highly integrated group were different than the 

ones mentioned above in that their KoL and KoIS informed their KoA. These 

participants specifically designed their lessons for eliminating studentsô 

misconceptions in related NOS aspect and they used specific assessment strategies to 

identify whether students still had these misconceptions at the end of the instruction 

which is an indication that their KoL informed their KoA. For instance, Hale formed 

three groups in class, then provided one area for each about the usage of radioactivity 

where instances of science and technology together and asked students to discuss 

whether which parts of these areas exemplifies science or technology. These areas 

were;  

...The first one: Usage of radioactive elements for activating an automatic 

valve system that distributes petroleum to different tanks. The second one: 

Usage of radioactive elements (e.g., Co 60, Iodine 131) in the treatment of 

cancer and thyroid defect. The third one: Usage of radioactive elements in 

measuring the thickness of a material...  

Hale at the end of the lesson asked her students give examples for both 

science and technology and had other students to express their ideas about the 

relevancy of examples. One pre-service chemistry teacher, Oya, differed from the 

others who had same number of integration in that she asked her students to design a 
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poster where students were expected to present their investigation together with their 

understanding about NOS at the end of the lesson. In that lesson, Oya used explicit-

reflective inquiry method to teach rate of reactions and several NOS aspects which is 

an indication that her KoIS informed her KoA.  

So far, I have summarized the way pre-service chemistry teachers in highly-

integrated group translated their PCK into their lesson plan, which are in application 

level. With regard to the participants in knowledge-application level, there was no 

clear pattern in terms of the components they developed and the degree to which they 

intagrated and translated those components. When it comes to participants in highly 

integrated group in knowledge level, I saw that both of them were aware that 

studentsô existing misconceptions are one of the difficulties they can encounter in 

their NOS teaching and they thought that first of all they should elicit studentsô 

misconceptions using various assessment techniques and then design instruction 

accordingly. Although they are aware the way they can integrate the components, 

they did not translate their knowledge into their lesson plan.  

 

4.2.1.2. Somewhat-Integrated PCK for NOS 

 

The participants in this groups are the pre-service chemistry teachers who 

have three and four connection and consistency in their PCK for NOS map (the 

maximum number of connection and consistency can be six since there are four 

conponents of PCK for NOS). These group will be elaborated considering the degree 

to which those pre-service chemistry teachers translated their PCK for NOS into their 

lesson plans. First of all, participants in application level  (i.e., three or four of the 

lines in their map are bold indicating they all translated the components that they 

developed to their lesson plans) will be explained , then in knowledge-application  

level (i.e., their map include a mixture of bold and solid lines indicating that they 

translated some of the componentd they developed), and finally in knowledge level 

(i.e., their map include one bold line and the rest is solid indicating that they could 

not translate all of the components they developed but one). 

One-fifth of the participants developed somewhat-integrated PCK for NOS as 

evident in their lesson plans (somewhat-integrated in application level, see Table 25). 



 

 

 

143 

Their post-intervention PCK for NOS maps showed that four of them were the same 

in terms of the nature of their PCK.  Although they focused on anticipated student 

misconceptions about NOS (e.g., A general and universal scientific method exists 

and Experiments are the principal route to scientific knowledge, McComas, 1998) 

and used different types of instructional strategies (e.g., explicit-reflective-inquiry 

and explicit-reflective-case-based) to teach NOS, all four had KoL, KoIS, and KoA 

consistent with their orientation of teaching NOS. For instance, one of them, Figen, 

used guided-inquiry method in her lesson plan where students used a simulation of 

an electrochemical cell and were asked to write their observations and inferences 

throughout their investigation. After completion of presentation of investigations, she 

conducted an explicit reflective discussion on observation, inference, and the 

difference between them by asking the questions of ñWhat are your observations?, 

How did you observe?, What are your inferences?, and What is the difference 

between observation and inference?ò As an assessment opportunity, Figen preferred 

to use a project work, as she mentioned in her reflection paper, where students were 

required to design a cell and explain it using their knowledge about electrochemistry 

and NOS. In her reflection, she stated that ñI learned how I can assess whether 

students learned nature of science or not. I learned different assessment methods such 

as concept maps, concept cartoons, project works, and question-answer method 

(informal way).ò Another thing that is the same for four participants is the way they 

connected their KoL to their KoIS. In order to eliminate studentsô misconceptions 

called as ñExperiments are the principal route to scientific knowledge. (McComas, 

1998)ò, Hulya purposefully involved students in observing rate of dissolving (time 

passed for sugar to dissolve) of granule, powdered, and cube sugar in three beakers 

of waters at different temperatures (80ÁC, 25ÁC, and 0ÁC) and come up with an 

explanation. After groups shared their explanations, Hulya conducted an explicit-

reflective discussion on the myth of experiments are the only route to scientific 

knowledge by asking the questions of  

...What are their observations? How did they observe?, Which senses or what 

did they use? What are their inferences? How did they propose their 

explanations on what they observe? Is the observation only way to reach 
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valid and reliable claims in science? What are the other ways used in science? 

Is making experiment possible at all times in science?...  

In other words, for all of the four participants in somewhat-integrated in 

application level group, their KoL informed their KoIS. Two participants in this 

group successfully translated their PCK for NOS into their lesson plans. They were 

similar in the sense that they were able to connect the components they developed. 

For instance, Ebru did not have KoA and therefore her map had integration among 

STO, KoL, and KoIS only, while Ardaôs PCK for NOS map showed connections 

among STO, KoIS, and KOA since he did not have well-developed KoL.  

Three participants in this group were categorized as knowledge-application 

level. All the three pre-service chemistry teachers in this group provided consistency 

between their  STO, KoA, and KoIS in their lesson plan whereas consistency 

between their STO and KoL stayed in knowledge level. Also, two participants' KoL 

informed their KoIS in knowledge level. Four pre-service chemistry teachers at 

knowledge level were similar in the sense that they could only align their KoIS with 

their STO in application. Also, all four developed KoL and KoA at knowledge level 

consistent with their STO. In addition to these consistencies, three of those 

participantsô KoL informed their KoIS but they were not able to translate their 

understanding into lesson plan. For instance, Haydar emphasized the importance of 

considering misconceptions in his reflections as ñWhen I saw the concept cartoons, I 

realized that there are some students who have various kinds of misconceptions 

about nature of science that I do not have. I thought that I should elicit studentsô 

misconceptions at first. If we ignore the existence of misconceptions, students will 

not learn targeted nature of science aspects and will continue to keep the 

misconceptionsò but he did not consider to elicit studentsô misconceptions and did 

nothing in his lesson plan. 

 

4.2.1.3. Non-Integrated PCK for NOS 

 

The participants in this groups are the pre-service chemistry teachers who 

have two and one connection and consistency in their PCK for NOS map (the 

maximum number of connection and consistency can be six since there are four 



 

 

 

145 

conponents of PCK for NOS ). These group will be elaborated through the features 

of the participants in application level  (i.e., two or one wof the lines in their map are 

bold indicating they all translated the components that they developed to their lesson 

plans) since there were no participants in knowledge-application and knowledge 

level. All three pre-service chemistry teachers in the non-integrated group were 

successful in aligning their KoIS with their STO. That is, they used explicit-

reflective-inquiry and explicit-reflective-history of science approach to communicate 

various aspects of NOS (e.g., tentativeness, cumulative nature of science, creativity 

and imagination, and empirical-basis). It was not surprising that none of the three 

pre-service teachers had connections among KoL and other components since there 

was no evidence about their KoL in all data sources. Two of these participants had a 

consistency between their KoA and STO which is supported by their use of specific 

assessment strategies (e.g., having students interpret a case) to identify whether 

students understand the emphasized NOS aspect throughout the lesson. On the other 

hand, the other student teacher did not provide any evidence about his KoA and also, 

he did not consider assessing NOS in his lesson plans and reflections. 

 

4.2.2. The Frequency and Nature of Connections 

 

The connections and consistencies both evident in all 30 pre-service 

chemistry teachersô application (represented by bold lines) or knowledge level 

(represented by solid lines) were compiled into a comprehensive PCK for NOS map 

to provide a summary of the most and least frequent connections and to identify the 

outstanding features of integration of the PCK components (see Figure 15) within the 

group as a whole. 
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Figure 15. Comprehensive PCK for NOS map showing the frequency of connections 

among PCK components, evident in 30 participantsô individual maps. Numbers in 

circles show the frequency of connection among two components. 

 

 

While I was compiling individual maps into this map, I observed that 

integration of components was idiosyncratic. That is, the way and the degree they 

connected the components differed to a certain degree. This idiosyncrasy is evident 

from the distribution of participants among seven out of nine categories emerged 

during constant-comparative analysis of PCK for NOS maps (see Table 25). 

Moreover, even participants in the same category were different from each other in 

terms of the way they connected any two components of their PCK. For example, in 

some instances, pre-service teachersô KoA informed their KoIS and KoL and in 

others their KoL and KoIS informed teachersô KoA. Although there were different 

features for each map peculiar to oneself, there were common aspects shared by all 

maps. Until student teachers developed KoA, KoL, and KoIS either in knowledge or 

application level, they succeeded to align these components with their STO. That is, 

STO 

KoA 

KoIS KoL  

16 
10 

6 22 

30 

8 

16 

12 
3 

3 
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they were aware that students may have misconceptions and difficulties about NOS 

(e.g., confusing observation and inference; experiments are the principal routes to 

scientific knowledge), they used instructional strategies-various types of explicit-

reflective approach to communicate aspects and to overcome misconceptions; and 

finally they assessed studentsô understanding of NOS using several assessment 

techniques (e.g., concept maps, concept cartoons, true-false questions, and question-

answer method). In addition to these consistencies, the connection between KoL and 

KoIS was one way. At all times as long as there was a connection between those two 

components, pre-service teachersô KoL informed their KoIS.  

Another salient feature that draws attention in all participantsô post-

intervention PCK for NOS map was that STO and KoIS was central to the 

integration. That is, they were the most frequently connected ones compared to any 

two others. In addition, the connection between STO and KoIS was the only one that 

all participants could translate their knowledge into application. When I looked at 

how pre-service chemistry teachers were successful in aligning their instructional 

strategy (KoIS) with their orientation of teaching NOS (STO), all but three decided 

to use various types of explicit-reflective approach in their teaching. Inquiry was the 

most preferred instructional teaching strategy (16) and the order of the preferences 

for instructional strategy was as; inquiry together with HOS (5), HOS (3), case-based 

(2), and activity (1). Only three of the participants used implicit approach for 

teaching NOS and again inquiry was preferred by two of them against HOS used by 

one. 

To delve into the complexities the nature of interaction among KoL, KoIS, 

and KoA, I did a close analysis on the way these components inform each other and I 

came up with a new map (see Figure 16) representing all the interactions among 

KoL, KoIS, and KoA in both application (represented by bold lines) and knowledge 

level (represented by solid lines).  
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Figure 16. The map showing the nature of interaction among KoL, KoIS, and KoA 

 

 

KoL was more often connected to KoIS than KoA and in addition, different 

than the other interactions among any two components, there was one way 

interaction between KoL and KoIS. That is, in all instances where teachersô KoL and 

KoIS are evident always participantsô KoL informed their KoIS. Pre-service 

chemistry teachers who had this connection purposefully selected instructional 

strategies or asked appropriate questions in explicit-reflective discussions where they 

can dissatisfy or challenge studentsô existing misconceptions related to NOS. For 

instance, Yasemin designed her instruction to teach the difference between theory 

and law in the content of Graham Diffusion Law and carefully selected her explicit-

reflective discussion questions. She assumed that students learned about Kinetic 

Molecular Theory in previous lesson and in that class Yasemin divided students into 

groups of four and asked to design an investigation to explore the factors affecting 

rate of diffusion of gases by providing the materials. After completion of the 

investigations students presented their investigation and what they found about 

diffusion of gases. Then, Yasemin conducted a whole class discussion on Graham 

Diffusion Law and also conducted an explicit-reflective class discussion on the 

nature of theory and law by asking the questions  

...What does Graham diffusion tell about gases?, Does it describe a 

relationship or pattern?, What does Kinetic Molecular Theory tell us about 

KoA 

KoIS KoL  

6 

6 

6 

3 

16 

8 

3 
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gases?, Does it describe a relationship or pattern too or does it explain the 

relationship or pattern described by laws?... 

Although both of the interactions between KoL-KoA and KoA-KoIS are two 

directional, the number of connections between KoL-KoA (12) is more than the 

number of connections between KoA-KoIS (9). A closer look at the interaction 

between KoA and KoIS showed that teachersô KoA informed their KoIS twice as 

often as their KoIS informed their KoA. In the former, student teachers used 

assessment opportunities to reveal studentsô existing conceptions at the beginning 

and then design instruction accordingly or they used assessment tasks to understand 

whether students still hold misconceptions at the end of the lesson and then apply an 

instructional strategy to overcome the misconceptions. Among the participants who 

had KoL and KoA interaction, the number of cases where KoL informed KoA was 

equal to the number of cases where KoA informed KoL. Pre-service chemistry 

teachers who focused on eliminating a difficulty or misconception about NOS 

preferred to use specific assessment strategies to determine whether students were 

able to overcome these difficulties or misconceptions. For instance, Nurdan focused 

on differentiation between science and non-science in her teaching and as an 

assessment she asked students to interpret a cartoon (see Figure 17). For the 

participants of whom their KoA informed their KoL, they used assessment tasks to 

elicit studentsô misconceptions or difficulties about NOS. One of them explained her 

idea in her reflection paper as ñConcept maps, concept cartoons, case, and diagnostic 

tree can be used to assess studentsô understanding of nature of science. I use these 

assessment methods to identify studentsô misconceptions about science and then 

design instruction considering misconceptions.ò 
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Figure 17. Cartoon used by Nurdan for assessment purposes 

 

4.2.3. Connections Evident in Application  versus Evident in Knowledge Alone 

 

When I compared the number of participants who aligned their KoL, KoIS, 

and KoA with their STO in application versus knowledge (e.g., articulated in 

reflection papers but not lessons), I saw that translating their KoL into their lesson 

plans was the greatest area of difficulty (see Figure 15). Sixteen participants provided 

evidence about their KoL through focusing on helping students to eliminate at least 

their one of their misconceptions or difficulties related to NOS. On the other hand 

nine of 10 student teachers whose KoL was evident in their reflection papers had 

general ideas about their learners such as students may have misconceptions or 

prejudges about science. For instance, after KoL lesson Kader stated that  

Since I have had similar misconceptions before this lesson, I know that it is 

hard to eliminate studentsô misconceptions about nature of science. 

Therefore, I will be careful when teaching ideas about nature of science and 

try to eliminate misconceptions about NOS.  

However, she did nothing to elicit and eliminate these misconceptions in her 

lesson plan. When it comes to KoA, participants were more successful in translating 

their KoA to their lesson (application level) than translating their KoL. Twenty two 

out of 30 participants assessed NOS in their lesson plans using various assessment 
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techniques (see Table 26). On the other hand, although four of six participants who 

had consistency between KoA and STO in their knowledge level, as evident in their 

reflections, were aware of that they should assess studentsô understanding of NOS 

and the various ways they can use to assess (e.g., concept maps, concept cartoons, 

true-false items, and case), they did not consider assessing NOS in their lesson plans. 

Other two pre-service chemistry teachers in knowledge level rather developed 

awareness less than other four since the two just explained in their reflection papers 

that they should consider assessing NOS. 

 

Table 26. Various assessment techniques used in lesson plans for assessing NOS 

 

Preferred assessment techniques for NOS Frequency 

Concept map 6 

Informal assessment 4 

Giving examples 2 

Poster 2 

Video-case 2 

Project work on the chemistry topic and emphasized NOS aspects 1 

Cartoon  1 

Concept cartoon  1 

True-false test  1 

Research on focused aspects  1 

Diagnostic tree  1 

 

Closer analysis of the ways KoL, KoIS, and KoA interact among themselves 

in application versus knowledge level revealed that although two way connections 

between KoL-KoA and KoA-KoIS were evident in participantsô lesson plans, there 

were only one way interactions in knowledge level (see Figure 16). In addition, 

connecting KoL-KoA and KoA-KoIS in lesson plans was harder for participants than 

connecting KoL-KoIS. In some cases, participants used assessment opportunities to 

understand whether their students eliminate the misconceptions (that is their KoL 

informed their KoA) or they preferred an assessment strategy compatible with the 

instructional strategy (that is their KoIS informed their KoA) in their lesson plans. 

However, student teachers in knowledge level preferred to use assessment for the 

purpose of eliciting studentsô ideas about NOS and then design instruction 

accordingly. One of them explained in her reflection that ñI realized that to elicit 
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studentsô misconceptions and to identify whether students have adequate 

understanding about NOS, assessing nature of science is very important. We can 

revise or modify our nature of science teaching based on the assessment results.ò The 

connection between KoL and KoIS had the same nature both in application and 

knowledge level, that is always KoL informed KoIS.  

 

4.2.4. The Power of Connections among the Participants in the Same Category 

 

A closer look to the participantsô PCK for NOS maps in the same category 

helped me to realize that although they had the same connections, they differed in 

terms of how powerfully connect the components of PCK. These differences 

emerged especially among the participants who can highly integrate their PCK in 

application and knowledge level. Therefore, in this part, I will focus on students in 

highly integrated group. 

Five of the pre-service teachers in highly-integrated-application group used 

assessment opportunities to reveal studentsô misconceptions at some point 

throughout instruction (e.g., at the beginning and at the end) and then design 

instruction accordingly to remedy those misconceptions. But some of them used 

more effective ways for assessing and eliminating misconceptions. In her post 

interview, Derya stated that she preferred to have students to draw a concept map 

both in gases topic (e.g., ideal gas, real gas, Kinetic Molecular Theory, and Boyle-

Mariotte Law) and NOS and to direct specific questions to reveal studentsô 

misconceptions. In her lesson plan, she conducted explicit-reflective discussion 

based on expected student answers with the aim of dissatisfy students existing ideas 

and the below is a section from her lesson plan 

Derya (D): Why do we call Charles Law as law not as Charles theory? 

ESA: Laws have more support/evidence than theories. 

D: Is the difference related to amount of evidence? Laws have more support 

than theories?, Could somebody remind us kinetic molecular theory that we 

learned in previous class? Could somebody explain Charles Law? What is the 

difference between them? Is there a difference between what they tell us 

about the phenomena? 
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In another case, Gaye asked students to investigate Gilbert Newton Lewis 

before the class they teach about polarity in covalent bonds, had students share what 

they found and then conducted explicit-reflective discussion considering expected 

studentsô misconceptions. Moreover, she was aware one of the sources (daily life 

usage of the words) of the misconception about the hierarchical relationship between 

theory and law, explained it to students, and then gave several examples (e.g., 

evolution theory, gas laws, kinetic molecular theory) to explain the nature of theories 

and laws and the difference between them. A part from Gayeôs lesson plan is as 

follows; 

Gaye (G): Why do we call it as Lewis theory although it shed light modern 

chemistry? and Can there be a Lewis Law?  

ESAs: (1) Since the truth of Lewis theory is not proved, it is not called as 

law, (2) Since it is not directly observable, it stayed as theory. For instance, 

evolution is a theory and it is not observable too, and (3) The Lewis theory is 

not accepted by all scientific community and therefore stayed as theory not 

become a law.  

G: There is difference between the way we used the word theory in our daily 

life and the way it is used in science (scientific theory) and the continued that 

If the truth of theories was not proved or theories were not accepted by most 

of the scientific community, we would not teach and learn in our chemistry or 

science classes.  

Burcak who focused on the nature and role of observation and inference in 

science preferred to use two gestalt pictures in order to overcome the misconception 

of ñScientific knowledge is based on the only careful observations. There is no room 

for inference.ò She asked students to observe and then made a whole class 

discussion. Different from Burcak, Gaye, and Derya two of the pre-service teachers 

who used assessment at first to reveal misconceptions and then for informing 

instruction preferred to use lecturing when they identified students still had 

misconceptions at the end of the class. As an assessment one of them used question-

answer method and the other one asked her students to draw a concept map.  

Similarly, two student teachers in highly-integrated-knowledge level group differed 

in terms of the proposed assessment and instructional method to overcome studentsô 
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misconceptions. While one of them just mentioned about her ideas about assessment 

and misconceptions in general sense saying that ñI realized that to elicit studentsô 

misconceptions and to identify whether students have adequate understanding about 

NOS, assessing nature of science is very important. We can revise or modify our 

nature of science teaching based on the assessment results.ò The other one explained 

that videos, concept maps, and concept cartoons could be used to elicit studentsô 

ideas and then strategies that create dissatisfaction with studentsô existing ideas 

should be used. 

 

4.3. Relationship between Pre-service Chemistry Teachersô NOS Understanding 

and their PCK for NOS 

 

Lack of NOS understanding has been pointed out as one of the factors that 

impede translation of teachersô NOS understanding into classroom teaching (Abd-El-

Khalick et al., 1998; Akerson et al., 2009; Lederman, 1999; Lederman et al., 2001; 

Ochanji, 2003; Schwartz & Lederman, 2002). Therefore, in this part the relationship, 

if existed, between the participantsô PCK for NOS and NOS understanding was 

elaborated. As explained in the development of pre-service chemistry teachersô PCK 

for NOS part, 30 participants were different from each other in terms of both the 

degree to which they integrated the PCK for NOS components they developed and 

the degree to which those components and connections/consistencies among 

components manifested themselves in their lesson plans and reflection papers. 

Although there was nine-dimensional matrix (see Table 25), the participants were 

distributed among seven categories.  There were no participants in non-integrated in 

knowledge-application level and non-integrated in knowledge level.  

In order to understand whether there is clear relationship between the 

participantsô NOS understanding and their PCK for NOS, various comparisons were 

made by using the data of participants in the same group (e.g., highly-integrated in 

application level) and different group (e.g., highly-integrated in application level vs. 

highly-integrated in knowledge level and highly-integrated vs. non-integrated). First 

of all, a comparison was made among the participants with highly-integrated, 

somewhat-integrated, and non-integrated group. Those participants were compared 
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in terms of number of informed, transitional, and naµve views as indicated in their 

VNOS-C. There was no clear pattern or relationship between those two (e.g., the 

more number of informed view a participant have about NOS aspects the more 

integrated PCK for NOS s/he has). Secondly, the participants in the same group (e.g., 

somewhat-integrated) but from different levels (e.g., application, knowledge- 

application, and knowledge) were compared and no clear pattern or relationship was 

found either. Finally, participantsô profiles were examined to see the aspects they 

addressed in their lesson plans and to identify what kind of views they had about the 

aspects they addressed (see Table 26). It was revealed that most of the participants 

attempted to teach NOS aspects on which s/he had informed view. Only four 

participants (Bur­ak, Oya, Figen, and Erdi) included the NOS aspects of which they 

had transitional views. When those participantsô and profiles were examined again, it 

was seen that they relied on their informed views during their explicit-reflective 

discussions. More interestingly, two participants (Ferhat and Kader) designed their 

instruction to teach the aspects that they have naµve views about them. As a result of 

their limited NOS understandings, those two participants were categorized in 

somewhat-integrated in knowledge level and non-integrated in application level. 

 As a final point, some participants addressed some myths about NOS (e.g., 

models are not copies of the reality) and some NOS aspects that were not addressed 

in VNOS-C but addressed in our NOS instruction (e.g., scientific knowledge is 

cumulative). For instance, Nurdan taught the difference between science and non-

science. When her VNOS-C was analyzed, it was observed that she had informed 

views all NOS aspects in VNOS-C. Also, her lesson plan provided evidence about 

her adequate NOS understanding through the explicit-reflective discussions she 

conducted. Gºk­e addressed cumulative nature of scientific knowledge and Ayĸe 

attempted to eliminate the myth of ña universal and step-by-step scientific method 

existsò. Similarly both have informed views on almost all of the NOS aspects (five 

out of seven, see Table 26) and transitional views on the others. Interestingly, Hale 

included the difference between science and technology and ¥zg¿n addressed the 

nature of scientific models in their lesson although they had some naµve views on 

some NOS aspects (two out of seven, see Table 27).  Again, their lesson plans were 
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reviewed whether there was any evidence about translation of their naµve views to 

their teaching. No evidence was found in that respect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 27. Each participantsô PCK for NOS and NOS Aspects addressed in his/her lesson plan 

 

Participants Tentativeness 
Empirical -

based 

Observation 

& Inference 

Theory 

& Law  

Theory-

Laden 

Sociocultural-

embedded 

Creativity & 

Imagination 

PCK for 

NOS 

Bur­ak I I T*  I T I I HI-A
1 

Derya I*  I N I*  T I I HI-A 

Gºzde I I*  T I I I I HI-A 

Gaye I I I I*  I I I HI-A 

Mehtap I*  I I I*  I*  I I*  HI-A 

Nilay I*  I I I I*  T I*  HI-A 

Nurdan I I I I I I I HI-A 

Oya I T I I T*  N T*  HI-A 

Hale T N N I I T I HI-A 

Melek I T I*  I I*  I I*  HI-A 

Yasemin I I T I*  I I I HI-KA
2 

Beste I I*  I N I I I HI-KA 

Ahmet I I*  I I T I*  I*  HI-K
3 

Gºk­e I I T I I I I HI-K 

Ayse I T I T I I I SI-A
4 

Arda I*  I*  T N T I T SI-A 

Ebru I I I T I I I*  SI-A 

Figen I I T*  I I I I SI-A 

H¿lya I I*  I I I T I SI-A 

        
 

1
5

7 



 

 

 

Table 27 (continued) 

Participants Tentativeness 
Empirical -

based 

Observation 

& Inference 

Theory 

& Law 

Theory-

Laden 

Sociocultural-

embedded 

Creativity & 

Imagination 

PCK for 

NOS 

H¿lya I I*  I I I T I SI-A 

¥zden I I*  I I I I I SI-A 

Ķzzet I I*  I I T*  T I SI-KA
5 

Meral I I*  I I I*  I I*  SI-KA 

Serhat I*  T I M I*  N I*  SI-KA 

Erdi I T T*  I I I I SI-K
6 

Haydar I*  I T T I*  I I SI-K 

Kader I N*  I*  I I I I*  SI-K 

¥zg¿n I T N T I T I SI-K 

Ferhat I*  I T N* I*  T I NI-A
7 

Haki I I I N I I I*  NI-A 

Serap I I*  I I I I I NI-A 

* indicates the NOS aspect addressed in lesson plan, 1 represents Highly-Integrated in Application level, 2 represents Highly-

Integrated in Knowledge- Application level, 3 represents Highly-Integrated in Knowledge level, 4 represents Somewhat-

Integrated in Application level, 5 represents Somewhat-Integrated in Knowledge- Application level, 6 represents Somewhat-

Integrated in Knowledge level, and 7 represents Non-Integrated in Application level 
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4.4. Summary of Results 

 

In this study, both how pre-service chemistry teachersô changed their NOS 

understanding and they developed PCK for NOS were explored after participating to 

the course including learning NOS and how to teach NOS. The main findings of the 

study are as below; 

 Before NOS instruction, majority of the pre-service chemistry teachers had 

naµve and transitional views about various NOS aspects. Most of the pre-

service chemistry teachers used to think that 

o Some scientific knowledge is absolute such as laws (53.3%) 

o Experiments are the principal routes to scientific knowledge (60%) 

o Science based on confirmation and proof (73.4%) 

o Law is an unchanged reality. On the other hand, theory is a 

knowledge which is not accepted by all scientists and can change with 

new information (83.3%) 

o Science is objective and there is place for subjectivity (53.3%) 

o Science is universal and not affected from social and cultural factors 

(56.6%) 

o Creativity and imagination is used in planning and design of an 

investigation. Data collection and interpretation must be based on 

evidence (43.3%) 

o Technology is the application of science (82%). 

 After the pre-service chemistry teachers learned NOS through explicit-

reflective NOS instruction, which spanned one and half semester, most of 

them had informed views on numerous NOS aspects. However, few of them 

still indicated naµve views about some NOS aspects; namely, scientific 

knowledge is empirical-based (6.7%) and social-cultural embedded (6.7%) as 

well as the roles of both observation and inference (10%) and theory and law 

(13.3%) and the difference between those. 

 Examination of pre-service chemistry teachersô first lesson plans, which were 

prepared before PCK for NOS instruction, indicated that only two of them 

integrated NOS into their teaching using implicit approach.  
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 Although there were some similarities among 30 pre-service chemistry 

teachersô post intervention PCK map, the way and the extent to which 

participants connected the components differed to a certain degree. Those 

pre-service chemistry teachers were distributed among seven out of nine 

categories (the degree of integration vs. the degree of translation, also see 

Table 25). Also, participants in the same category were different from each 

other in terms of the way they connected any two components of their PCK.  

 Development of pre-service chemistry teachersô PCK was uneven, that is 

changes in one PCK component (e.g., knowledge of instructional strategies) 

may not be accompanied by the changes in another component (e.g., 

knowledge of assessment).  

 In terms of the frequency and nature of connections, it was revealed that 

KoIS and STO were central to the integration and were the only ones that all 

participants could translate their knowledge into their lesson plans.  

 Through the participation to PCK for NOS instruction, all but three pre-

service chemistry teachers developed KoIS effective for teaching NOS more 

successfully than any other components. 

 With regard to the way KoL, KoIS, and KoA inform each other, there was 

only one way interaction between KoL and KoIS, in contrast, interactions 

between KoL-KoA and KoIS-KoA were two directional. In all cases where 

participants connect their KoL with KoIS, always their KoL informed their 

KoIS.  Also, number of participants who could use their KoL to design 

instruction was higher than the ones who can connect KoL-KoA and KoA-

KoIS.  

 When the comparisons were made between connections evident in 

application versus evident in knowledge indicated that pre-service chemistry 

teachers were more successful in translating their KoA and KoIS into their 

lesson plans than they do KoL.  

 There was no clear relationship between pre-service chemistry teachersô NOS 

understanding and their PCK for NOS (e.g., the more number of informed 

views on NOS aspects, the more integrated PCK for NOS s/he has). 

However, most of the participants preferred to teach the NOS aspect/s that 
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they had informed view/s about. Only four participants included the NOS 

aspects of which they had transitional views but they relied on their informed 

views during their explicit-reflective discussions. More interestingly, two 

participants designed their instruction to teach the aspects that they have 

naµve views about them and expectedly those two were categorized in 

somewhat-integrated in knowledge level and non-integrated in application 

level. Also, some participants addressed some myths about NOS (e.g., models 

are not copies of the reality) and some NOS aspects that were not addressed 

in VNOS-C but addressed in our NOS instruction (e.g., scientific knowledge 

is cumulative).  
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CHAPTER V  

 

 

DISCUSSION, CONCLUSION, and IMPLICATIONS  

 

 

 

In this chapter, first of all, the results, which are the change in pre-service 

chemistry teachers' NOS views, PCK for NOS, and the relationship between NOS 

understanding and PCK for NOS, were discussed. Then, conclusions were made 

based on the results derived from the study. Finally, implications for pre- and in-

service education, curriculum developers, and textbook writers and recommendations 

for science education research were presented.  

 

5.1. Discussions 

 

In this part, results of the study were compared and contrasted with the other 

studies on NOS, PCK, and PCK for NOS. Since there were three main results of this 

study (i.e., the change in NOS understanding, development of PCK for NOS, and the 

relationship between teachersô NOS understanding and their PCK for NOS), each 

result was discussed under different headings as discussion of the results for the 

change in NOS understanding, discussion of the results for PCK for NOS, and finally 

discussion of the results for NOS understanding and PCK for NOS. 

 

5.1.1. Discussion of the Results for the Change in NOS Understanding 

 

In this part, I will discuss findings with regard to how and to what degree the-

pre-service chemistry teachersô NOS understanding changed considering their NOS 

views before and after NOS instruction, and then how NOS instruction influenced 

that change. 

First, vast majority of the pre-service chemistry teachers had naµve and 

transitional views about various NOS aspects (e.g., scientific knowledge is absolute, 
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theories change while law do not, scientists are objective, technology is the 

application of science, and science is based on confirmation), which is consistent 

with the literature indicating that both pre and in-service teachers lack of informed 

NOS understanding (Abd-El-Khalick & BouJaoude, 1997; Akerson et al., 2008; 

Aslan, 2009; Ayvaci & Er Nas, 2010; Brown et al., 2006; Chen, 2001; Doĵan, 2005; 

Doĵan et al., 2011; Erdoĵan, 2004; G¿rses et al.,, 2005; Haidar, 1999; Lederman, 

1992; Liang et al. 2008; Liu & Lederman, 2007; Murcia & Schibeci, 1999; ķahin et 

al., 2006; Tairab, 2001; Thye & Kwen, 2003; Yalva­ et al., 2007). the majority of the 

pre-service teachers had naive view on the theory and law aspect. This aspect was 

followed by sociocultural-embedded and theory-laden NOS aspects. These findings 

were similar with the others (Aslan, 2009; Chen, 2001; Doĵan, 2005; Haidar, 1999; 

Liang et al., 2008; Tairab, 2001; Yalva­ et al., 2007) revealing that both pre and in-

service teachers experienced the most difficulty in understanding theory and law, 

sociocultural-embedded, and theory-laden NOS aspects. Creative and imaginative 

aspect was the one about which pre-service chemistry teachers did not have naµve 

views instead they had transitional and informed views about that aspect, which is 

compatible with the literature (Akerson, Abd-El-Khalick, & Lederman 2000; Ayvacē 

& Er Nas, 2010).  

Second, analysis of pre-service chemistry teachersô views after NOS 

instruction indicated that most of the participants tackled their naµve and transitional 

views on most of the NOS aspects (e.g., tentativeness, theory-laden, creativity and 

imagination, and difference between science and technology) whereas few of them 

still had naµve views about several NOS aspects, namely, scientific knowledge is 

empirical-based (6.7%) and social-cultural embedded (6.7%) as well as the roles of 

both observation and inference (10%) and theory and law (13.3%) and the difference 

between those. These findings are consistent with the findings of studies 

investigating the effect of various teaching approaches on NOS understanding (Abd-

El-Khalick & Akerson, 2004; Abd-El-Khalick, Bell, & Lederman, 1998; Akerson et 

al., 2000; Lin & Chen, 2002). Those findings were evidence for the fact that pre-

service chemistry teachersô naµve views about those aspects were resistant to change 

even after explicit-reflective NOS instruction spanned one and half semester. Also, 

this is compatible with the research on misconceptions, pointing out that they are 
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resistant to change (Posner, Strike, Hewson, & Gertzog, 1982). Pre-service chemistry 

teachers built their NOS understanding as a result of long-lasting primary, secondary, 

and higher education communicating implicit NOS aspects through various ways 

(e.g., science teachersô language and textbooks). Throughout their education, science 

textbooks, teachers, classroom instruction and laboratory experiences have been 

perceived to influence the formation of studentsô NOS understanding (McComas, 

Clough, & Almazroa, 2000). For instance, until recently, the hierarchical relationship 

between theory and law has been presented in science textbook while explaining the 

scientific method (Abd-El-Khalick, Waters, & Le, 2008; Ķrez, 2009). The pre-service 

chemistry teachers themselves pointed out various factors accounted for the naµve 

NOS views they had before NOS instruction. These factors are as not being taught 

NOS in schools, inability to disprove existing theories and laws, textbooks, TV 

shows, traditional science teaching, internet, and journals. They advocated that 

especially textbooks, TV shows, internet, and journals communicate implicit 

messages about theories and laws through the language they used. For instance, 

theory is used for the ideas that are not tested and law is used for the things that do 

not change.  Therefore, science teachers should be alert about the implicit NOS 

messages received by their students via the language and textbooks they used during 

their instruction. Additionally, teachers should be engaged in various opportunities in 

various contexts for more informed NOS understanding as emphasized by Akerson, 

Morrison, and McDuffie (2006). 

Third, although pre-service chemistry teachers had naµve and transitional 

views on numerous NOS aspects, there was a substantial increase in the percentage 

of participants with informed views on the majority of the NOS aspects as a result of 

explicit-reflective NOS instruction. This is consistent with the findings of Abd-El-

Khalick & Lederman, 2000a, 2000b; Akerson et al., 2000; Abd-El-Khalick & 

Akerson, 2004; Ayvacē, 2007; Bell, Matkins, & Gansneder, 2011; Lin & Chen, 2002; 

McDonald, 2010. More specifically, various settings, namely, argumentation inquiry, 

and HOS served as contexts throughout explicit-reflective NOS instruction in this 

study. These contexts created a collaborative and social environment where pre-

service chemistry teachers explained their ideas about NOS, compared their NOS 

understandings with the ones addressed in the activities, realized the myths they had 
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about NOS and critically discussed on them, and finally made inferences about NOS 

considering all those experiences. The effectiveness of those environments, where 

learners are provided authentic science experiences, on NOS understanding also was 

supported by others for HOS (Abd-El-Khalick & Lederman, 2000b), argumentation 

(McDonald, 2010; Ogunniyi, 2006), and inquiry (Schwartz & Crawford, (2004; 

Yacoubian & BouJaoude, 2010).  Another salient feature of NOS instruction in this 

study is itsô long-lasting nature. The NOS instruction spanned one and half semester 

and moreover, the pre-service chemistry teachers engaged in PCK for NOS activities 

where they both learned and taught about NOS. This long-lasting nature helped the 

participants to retain and translate their NOS understandings into other settings more 

easily than the others learned NOS in shorter period. Although, the instruction in this 

study was not enough for stimulating the change for all participants from naµve views 

to the informed ones, this kind of change might be realized by engaging students in 

explicit-reflective NOS activities in various settings and encouraging them to transfer 

those understandings into other settings (e.g., decision-making on socioscientific 

issues) (Akerson et al., 2006; Lynne Eastwood et al., 2012).  

 

5.1.2. Discussion of the Results for PCK for NOS 

 

In this part, I will discuss findings related to pre-service chemistry teachersô 

PCK for NOS considering applicability of Magnusson et al.ôs PCK model as a lens 

for research on  teaching NOS; nature of PCK for NOS developed throughout 

instruction - the nature of PCK for NOS itself (e.g., general, discipline-specific, and 

topic specific), similarity and difference among participantsô PCK, the way and the 

degree to which components and connections manifested themselves in lesson plans 

and reflection papers; the frequency and nature of connections in terms of centrality 

of components and connections; and PCK components of which pre-service teachers 

have difficulty in translating these components into their lesson plans. 

First of all, this research provided evidence for applicability of Magnusson et 

al.ô (1999) PCK model in characterizing and evaluating the quality of teachersô PCK 

for NOS, which is consistent with the literature (Faikhamta, 2012; Hanuscin & Hian, 

2009; Hanuscin et al., 2011). Another important finding about the nature of PCK for 
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NOS was its idiosyncratic nature, which has been empirically supported by other 

scholars (Loughran, Mulhall, & Berry, 2008; Park & Chen, 2011; Van Driel et al., 

1998) for other topics (e.g., chemical equilibrium, photosynthesis, and heredity). 

Although there were some similarities among 30 participantsô post intervention PCK 

map revealed as a result of constant comparative analysis, the way and the extent to 

which participants connected the components differed to a certain degree. This 

idiosyncrasy was evident from the distribution of participants among seven out of 

nine categories (the degree on integration vs. the degree of translation, also see Table 

3) and even participants in the same category were different from each other in terms 

of the way they connected any two components of their PCK. For instance, the 

highly integrated participants differed in terms of how powerfully they connect the 

components of PCK. While some of the participants used more specific assessment 

techniques to reveal misconceptions and then preferred to use instructional strategies 

that dissatisfy students with their existing ideas, others used question-answer method 

to understand whether students still had misconceptions at some point in the lesson 

and then lectured about emphasized NOS aspects.  

When I examined studentsô first lesson plans prepared after learning NOS 

part I saw that only two of the participants integrated NOS into their teaching using 

implicit approach. They both did not state their NOS related objectives explicitly, 

and in their post interviews they stated that they assumed students could learn NOS 

through experiencing the science itself. This finding supported the view that even 

when teachers have informed understandings of NOS consistent with reforms, they 

generally do not explicitly teach NOS (Schwartz & Lederman, 2002). Analysis of 

various data sources (lesson plans 2, reflection papers, and interviews) used 

throughout and after PCK for NOS instruction indicated that all participants 

developed PCK for NOS in some extent. However, the participantsô PCK for NOS 

were different from each other in terms of both the degree of integration among the 

components and the degree to which these components and connections manifest 

themselves in their lesson plans and reflection papers. While some of the participants 

in highly integrated group developed all components of PCK and translate these 

components and connections among them into their lesson plans some others in 

somewhat integrated group were not able to connect all components or to develop 
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some components (e.g., KoL, KoA).  Similarly, participants in non-integrated group 

did not develop KoL and/or KoA. Students in knowledge level for each integration 

category had similar type of connections among the components but they could not 

translate those into their lesson plans. These findings are compatible with prior 

researches (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Magnusson et al., 1999) 

suggesting that the development of teachersô PCK may be uneven, that is changes in 

knowledge of one component (e.g., knowledge of instructional strategies) may not be 

accompanied by changes in other components (e.g., knowledge of assessment). 

I also explored the frequency and nature of connections to shed light on the 

degree to which the instruction was successful in improving studentsô PCK for NOS. 

When individual maps were compiled into a group map, I saw that KoIS and STO 

were central to the integration and was the only ones that all participants could 

translate their knowledge into their lesson plans. This integration showed that PCK 

for NOS instruction tackled an important challenge namely helping teachers in 

internalizing NOS as an important learning outcome and achievable by students 

(Abd-El-Khalick et al., 1998; Schwartz & Lederman, 2002). Also this instruction 

fulfilled the lack of research on providing guidance for how to develop teachersô 

valuing of NOS (Lederman, 2007), which is compatible with the finding that a PCK-

based NOS course contributed to the change in in-service science teachersô 

orientations to teach science (Faikhamta, 2012). Through the participation to PCK 

for NOS instruction, all but three pre-service chemistry teachers developed KoIS 

effective for teaching NOS more successfully than any other components. This 

finding aligns with the research providing evidence for teachersô development of 

instructional strategies is more than development of assessment (Abd-El-Khalick et 

al., 1998; Bell et al., 2000; Hanuscin & Hian, 2009). In contrast to prior studies (Bell 

et al., 2000; Hanuscin & Hian, 2009) most of the pre-service chemistry teachers in 

this study (22 out of 30) specifically assessed studentsô understanding of NOS as 

evident in their lesson plans. Some attribute teachersô inability to assess NOS to their 

lack of knowledge of strategies for assessing studentsô NOS understanding 

(Hanuscin & Hian, 2009) while others hold the discrepancy between practice and 

belief in the importance of teaching NOS responsible for teachersô not assessing 

NOS (Abd-El-Khalick et al., 1998). In both circumstances, the PCK for NOS 
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instruction helped student teachers to align their belief with their practice and to 

increase their knowledge of assessment in terms of both what and how to assess. 

Another interesting finding is related to the way KoL, KoIS, and KoA inform each 

other. While there was only one way interaction between KoL and KoIS, in contrast, 

interactions between KoL-KoA and KoIS-KoA were two directional. In all cases 

where participants connect their KoL with KoIS, always their KoL informed their 

KoIS and they purposefully used several instructional strategies to overcome 

studentsô misconceptions about NOS. Also, number of participants who could use 

their KoL to design instruction was higher than the ones who can connect KoL-KoA 

and KoA-KoIS. Although there is no universally accepted elements for PCK, this 

provides empirical evidence for the agreed upon elements on PCK components as 

KoL and KoIS (Park & Chen, 2011; Park & Oliver, 2008a; Shulman, 1986) 

Comparisons of connections evident in application versus evident in 

knowledge only helped me to understand the PCK components of which pre-service 

teachers had difficulty in translating these components into their lesson plans. 

Participants were more successful in translating their KoA and KoIS into their lesson 

plans than they do KoL. Several studies provided consistent findings about teachers 

KoL. In a study by De Jong and Van Driel (2001) they reported that even in-service 

teachers did not have concerns for studentsô learning. Also, several studies indicated 

that pre-service teachers do not consider studentsô ideas in their practice adequately 

(Park & Chen, 2011; Tabachnick & Zeichner, 1999). Since participants of this study 

did not have the chance to implement their lesson plans in real classrooms, they were 

not able to translate their KoL into their lesson plans which supports the explanation 

of KoL improves with teaching experience (Abell, 2007). The other reason for pre-

service teachersô having difficulty in considering studentsô ideas was attributed to 

teachersô limited KoA (Hanuscin & Hian, 2009). This explains another important 

finding; participants had the most difficulty in using assessment revealing studentsô 

ideas and designing or revising the instruction accordingly. Another reason for why 

pre-service chemistry teachers had difficulty in translating their KoL into their lesson 

plan may be related to the nature of KoL class during PCK for NOS instruction. 

Although students' difficulties and misconceptions about NOS were adressed in that 

class, several participants stated that they eliminated their own miconceptions about 
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NOS after that class rather than they learned how to eliminate students' 

misconceptions in their future classes. Also, there was only one directional 

connection between KoL-KoA and KoIS-KoA in knowledge level although two 

directional connections were evident in lesson plans. Knowledge level pre-service 

teachers did not consider the ways where their KoL and KoIS might inform their 

KoA. Since these pre-service teachers could not translate their knowledge into their 

lesson plan, they might not have seen or discover possible alternative ways where 

they could connect KoL-KoA and KoIS-KoA. 

The discussion on nature of PCK for NOS helped me to answer the sub-

problem of ñWhich PCK model (general PCK, discipline-specific PCK, or topic 

specific PCK) best explains the nature of PCK for NOS?ò Although Magnusson et 

al.ôs (1999) PCK model helped me examine the interplay among PCK components, 

the use of this model does not imply that I am taking any stance towards to the nature 

of PCK for NOS (e.g., discipline-specific, topic specific, and general). In addition to 

idiosyncratic nature another important aspect that needs consideration about PCK for 

NOS is itsô nature. I proposed several assertions related to categorization of PCK for 

NOS based on the literature as general PCK (Veal & MaKinster, 1999) and topic 

specific PCK (Hanuscin & Hian, 2009; Hanuscin et al., 2011; Lederman, 1998). 

When one teaches NOS as itsô own content using content generic activities, topic-

specific nature may fully explain the way teachersô translation of their NOS 

understanding into teaching. But, what happens when one teaches NOS using content 

embedded activities? For instance, one chemistry teacher may have PCK for both 

atomic theories and acid-base theories and both of the topics may provide 

opportunities teaching the same aspects such as nature of theories. This instance was 

evident in our participantsô lesson plans. Although Ferhat prepared his lesson on 

teaching atomic theories and Haydar designed a lesson on acid-base theories, and 

they have different PCK for these different chemistry topics both of them used 

explicit-reflective approach to teach nature of theories. At this point, argument 

proposed by Davis and colleagues (2008) resolved the issue. They advocated that 

ñé[w]hile PCK is typically conceptualized as topic-specific, teachers also need 

discipline-specific knowledge about how a discipline worksò (2008, p. 6). Moreover, 

Davis and Krajcik (2005) defined PCK for disciplinary practices as ñteachers must 
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know how to help students understand the authentic activities of a discipline, the 

ways knowledge is developed in a particular field, and the beliefs that represent a 

sophisticated understanding of how the field works (p. 5). Davis et al. (2008) 

deepened their argument by discussing on PCK for scientific modeling including  

ñéknowledge of instructional strategies that can promote studentsô engagement in 

modeling practices and learning of metamodeling knowledgeé[as well as] teacherôs 

knowledge of their studentsô ideas and the challenges students face, again associated 

with modeling practices and metamodeling knowledgeò (p. 6). Discipline specific 

perspective helps to explain teachersô NOS teaching practices in appropriate 

contents.  Reflecting on nature of PCK for NOS helped me to fill the gap in 

understanding different types of PCK (e.g., general, discipline-specific, and topic 

specific) and deepened my knowledge on science teacher knowledge. 

Finally, since pre-service teachers have relatively undeveloped PCK (Van 

Driel et al., 1998). However, bearing in mind that pre-service teachers will enact 

these knowledge when they become practicing teachers, one can think pre-service 

teachersô PCK as their PCK readiness (Davis, 2003; Smithey, 2003) or PCK pre-

packaging and pursue some research on their PCK (Abd-El-Khalick et al., 1998; Bell 

et al., 2000). More evidence is needed how these pre-service chemistry teachers 

unpack their PCK for NOS and enact in their classroom practices. 

 

5.1.3. Discussion of the Results for the Relationship between NOS 

Understanding and PCK for NOS 

 

 There have been several efforts for understanding how teachersô NOS 

understanding and their classroom practices are related. Those efforts revealed that 

no clear-cut relationship between the two and moreover, inadequate NOS 

understanding has been pointed out as one of the factors that impede both pre and in-

service teachersô translation of their NOS understanding into effective NOS teaching 

practices (Abd-El-Khalick et al., 1998; Akerson & Abd-El-Khalick, 2003; 1998; 

Akerson et al., 2009; Bell et al., 2000; Lederman, 1999; Lederman et al., 2001; 

Ochanji, 2003; Schwartz & Lederman, 2002). More importantly, there is a need for 

research on how SMK, NOS, and pedagogy contribute to the formation of PCK for 
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NOS (Lederman, 2007; Schwartz & Lederman, 2002). Although, the need has been 

well documented, the relationship between NOS understanding and their PCK for 

NOS was not articulated by the ones using an explicit PCK for NOS framework (e.g., 

Hanuscin et al., 2011; Lederman et al., 2001). For instance, Hanusin et al. (2011) 

investigated three elementary teachersô PCK for NOS, who both had informed NOS 

understanding and were successful in improving their studentsô NOS understanding. 

Their findings indicated that three teachers had robust knowledge of instructional 

strategies indicating itself in several ways (e.g., drawing analogies and using 

childrenôs literature) and lacked of knowledge of assessment. However, how teachers 

with different PCK for NOS were the same or different was not an explicit concern. 

One of the most important findings of this study was the absence of clear-cut 

relationship between the pre-service chemistry teachersô NOS understandings and 

their PCK for NOS. In other words, no pattern was detected with regard to NOS 

understanding among the participants in the same group (e.g., highly-integrated in 

application level vs. highly integrated in knowledge level) and the participants in 

different groups (e.g., highly-integrated vs. somewhat-integrated). However, a closer 

look revealed that majority of the participants provided evidence for his/her PCK for 

NOS in the NOS aspects of which they had informed views. This finding was 

expectable knowing that one cannot teach what s/he does not understand (Shulman, 

1986). Interestingly, two of the pre-service chemistry teachersô PCK for NOS 

indicated itself in the aspects that they had naµve views and consequently one of them 

was categorized in somewhat-integrated in knowledge level and the other was in 

non-integrated application level. This finding is consistent with the view that SMK, 

which refers to NOS understanding in this study, is a pre-requisite for a rich PCK 

(Aydēn, 2012; Shulman, 1986).  

 

5.2. Conclusion 

 

In this study, how pre-service chemistry teachersô changed their NOS 

understanding, how they developed PCK for NOS, and how their NOS understanding 

and PCK for NOS related were explored after participating to the course including 

learning NOS and how to teach NOS.Khishfe and Ledermanôs (2002) framework, 
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assuming a continual change in studentsô understanding about NOS (as naµve, 

transitional, and informed) was used for the analysis of NOS understandings. Based 

on the analysis of the participantsô VNOS-C and associated interviews, the following 

conclusions were made: 

 As long as pre-service chemistry teachers do not receive explicit NOS 

instruction, they have naµve and transitional views about various NOS 

aspects, namely, scientific knowledge is tentative, empirical-based, theory-

laden, and sociocultural-embedded as well as the role of creativity and 

imagination in science, and the roles of both observation and inference and 

theory and law and the difference between those.  

 Long-lasting explicit-reflective NOS instruction is effective in terms of 

helping pre-service chemistry teachers to have more informed  views on 

numerous NOS aspects, namely, scientific knowledge is tentative, theory-

laden, and the role of creativity and imagination in science.  

 Pre-service chemistry teachersô NOS understandings about several NOS 

aspects (e.g., scientific knowledge is empirical-based and social-cultural 

embedded as well as the roles of both observation and inference and theory 

and law and the difference between those) are resistant to change. 

For the PCK for NOS part, Magnusson et al.ôs (1999) PCK model formed the 

conceptual basis and the sophistication of participantsô PCK was analyzed 

considering the interaction among components since teachersô PCK depends on the 

degree of integration and coherence among itsô components (Friedrichsen et al., 

2009; Magnusson et al., 1999; Park & Oliver, 2008a). Based on the analysis of 

lesson plans and reflection papers, the following conclusions were made:  

 Even when teachers have informed understandings of NOS consistent with 

reforms, they generally do not explicitly teach NOS. 

 PCK for NOS instruction, where PCK components (e.g., science teaching 

orientation and knowledge of assessment) are addressed explicitly, is 

effective in helping teachers to internalize NOS as an important learning 

outcome and achievable by students. 
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 Magnusson et al.ôs (1999) PCK model is applicable for research on in 

characterizing and evaluating the quality of teachersô PCK for NOS. 

 PCK for NOS has an idiosyncratic nature, which implies that every teacher is 

different from each other in terms of the PCK for NOS components s/he 

develops, the degree to which s/he develops those components, and the way 

s/he integrates components of PCK for NOS.  

 Development of PCK for NOS is uneven, that is changes in one PCK 

component (e.g., knowledge of instructional strategies) may not be 

accompanied by the changes in another component (e.g., knowledge of 

assessment).  

 PCK for NOS instruction, where PCK components (e.g., science teaching 

orientation and knowledge of assessment) are addressed explicitly, is 

effective in stimulating the development of teachersô knowledge of 

instructional strategy and knowledge of assessment for NOS. 

 Enhancing teachersô knowledge of learner of NOS is difficult even after that 

PCK for NOS component is addressed explicitly in PCK for NOS instruction. 

For investigating how pre-service chemistry teachers NOS understandings 

and their PCK for NOS was related, various comparisons were made among the 

participants with the same (e.g., highly-integrated in application level) and different 

PCK for NOS (e.g., highly-integrated in application level vs. highly-integrated in 

knowledge level and highly-integrated vs. non-integrated). Based on these 

comparisons, I can conclude that 

 There is no clear-cut relationship between teachersô NOS understanding and 

their PCK for NOS.  

 Teachers attempt to teach the NOS aspect/s that they have informed view/s 

about or they rely on their informed views during their explicit-reflective 

discussions.  
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5.3. Implications of the Study 

 

This study has several implications for pre-service and in-service teacher 

education, textbook writers, and curriculum developers, based on the results obtained 

and discussions made.  

This study showed that both pre- and in-service teachersô views are not 

compatible with the contemporary conceptions of and therefore teachers have 

difficulty with teaching an appropriate view to students. Accordingly, both pre and 

in-service teachers need courses or workshops enhance their NOS understanding. 

Those workshops or courses should provide teachers with opportunities of which 

they engage in explicit-reflective discussions on NOS. They should include several 

important features for effective NOS teaching and learning as evidenced in the NOS 

instruction developed and implemented in this study; 

 Reflection: After engaging in various research experiences, students take a 

step back from the role of ñresearcherò and take the role of ñreflectorò in 

order to understand how their experiences relate to NOS.   

 Context: ñReflectionò requires a context. Inquiry, argumentation, scientific 

process skills, HOS, and hands-on activities may serve as important contexts 

in which students reflect on their experiences.   

 Students do not do ñNOSò. Instead they engage in experiences which provide 

opportunities to students to reflect on their experiences from the perspective 

of what science is, what scientific knowledge is, and how science works. 

Thus, students make informed inferences about NOS. 

 Long-lasting: NOS teaching experiences should last at least one semester or 

more. 

Also, the PCK for NOS instruction followed NOS instruction required pre-

service chemistry teachers to integrate NOS into their chemistry teaching. This 

translation helped pre-service chemistry teachers to re-reflect their own NOS 

understanding and to re-construct more informed understandings of NOS aspects 

they are going to teach. Therefore, the courses or workshops aiming to develop pre-

service or in-service teachersô NOS understanding should be long lasting, provide 

opportunities where teachers reflect on NOS aspects explicitly in various contexts, 
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and include the various teaching (e.g., co-teaching NOS to peers and being required 

to make NOS explicit of their instruction through objectives, activities, and 

assessment) opportunities. 

The organization of teaching opportunities has crucial importance since there 

are factors directly influencing teachersô translation of their NOS understandings into 

their teaching NOS, namely PCK for NOS. For stimulating the development of PCK 

for NOS, first of all, both pre- and in-service teachers should be provided with the 

opportunities where they study NOS from teaching perspective.  This can be realized 

by enacting an explicit PCK framework (e.g., Magnusson et al., 1999) on a course 

where NOS is taught. Moreover, individual PCK components should be revisited in a 

way where teachers are able to see how those components connect with each other. 

Teachers, especially pre-service, may have difficulty in seeing the relevance of PCK 

for NOS instruction to their teaching. Also, they may think from the perspective of 

learner not the teacher. Therefore, both pre-service teachers and in-service should be 

engaged in explicit-reflective discussions on their STO, KoL, KoIS, KoA, and KoC 

and the way they connect these knowledge bases and they should reflect on their 

experiences as teachers.   

Second, there are several issues that impede teachersô translation of their 

NOS understanding into their teaching and could be resolved by both textbook 

writers and curriculum developers. These issues are pressure to cover content, 

concern about not being able to spend enough time for teaching basic knowledge of 

science because of the time allocated for NOS teaching, concerns about students' 

abilities and motivation for learning NOS, and lack of resources and experience for 

teaching and/or assessing understandings of the NOS. If curriculum developers 

include NOS objectives as well as content related objectives (e.g., physics, 

chemistry, and biology) and more importantly both curriculum developers and 

textbook writers provide activities for assessing and teaching NOS, teachers easily 

may tackle the aforementioned challenges. 
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5.4. Recommendations for Science Education Research 

 

This study has some implications for science education research, which 

would contribute to research on PCK and PCK for NOS and science teacher 

education. These are; 

1. PCK is an elusive construct because of its tacit nature and this leaves 

researchers with a challenging task; making tacit nature of PCK explicit. 

In depth analysis of explicit PCK method is very valuable in resolving 

that issue through creating PCK profiles, including evidences of PCK 

components and interplay among them, and finally visualizing the PCK 

with maps. Considering the recent existence of in-depth analysis of 

explicit PCK method, there needs to be more research on to what extend 

this model captures the complex nature of PCK.  

2. PCK for NOS is an area of research that needs further investigation. With 

regard to stimulating the development of PCK for NOS, how the use of 

Content Representation (CoRes) and Professional and Pedagogical 

experience Repertoire (PaP-eRs), about NOS developed by experienced 

teachers, contributes to PCK for NOS should be investigated.  

3. Considering the discussion on nature of PCK for NOS, much research is 

required on different types of PCK in order to shed light on nature of 

PCK for NOS. Which type of PCK can fully capture the way teachers 

enact their PCK for NOS? General, topic-specific, or discipline specific? 

Is topic specific PCK (e.g., PCK for acid-base theories) a pre-requisite for 

development PCK for NOS or vice versa? Or should topic specific PCK 

and PCK for NOS be developed in a parallel way at the same time?  

4. Also, it would be beneficial to explore how teachers with different level 

of NOS understanding enact their PCK for NOS in their classroom to 

understand the relationship between NOS understanding and PCK for 

NOS.  

  



 

 

 

177 

REFERENCES 

 

 

Abd-El-Khalick, F. (2012). Teaching With and About Nature of Science, and 

Science Teacher Knowledge Domains, Science and Education, ñAdvance 

online publicationò, doi: 10.1007/s11191-012-9520-2 

 

 

Abd-El-Khalick, F. & Akerson, V. L. (2004). Learning as Conceptual Change: 

Factors mediating the development of preservice elementary teachersô views 

of nature of science. Science Teacher Education, 88, 785 ï 810. 

 

 

Abd-El-Khalick, F., Bell, R. L., & Lederman, N. G. (1998). The nature of science 

and instructional practice: Making the unnatural natural. Science Education, 

82(4), 417 -436. 

 

 

Abd-El-Khalick, F., & Boujaoude, S. (1997). An exploratory study of knowledge 

 base for science teaching. Journal of Research in Science Teaching, 34(7), 

673-699. 

 

 

Abd-El-Khalick, F., & Lederman, N. G. (2000a). Improving science teachersô 

conceptions of nature of science: A critical review of the literature. 

International Journal of Science Education, 22(7), 665-701. 

 

 

Abd-El-Khalick, F., & Lederman, N. G. (2000b). The influence of history of science 

courses on studentsô conceptions of the nature of science. Journal of 

Research in science Teaching, 37(10), 1057- 1095. 

 

 

Abd-El-Khalick, F., Waters, M., & Le, A. (2008). Representations of nature of 

science in high school chemistry textbooks over the past four decades. 

Journal of Research in Science Teaching, 45, 835ï855. 

 

 

Abell, S. K. (2008). Twenty Years Later: Does pedagogical content knowledge 

remain a useful idea? International Journal of Science Education, 30(10), 

1405-1416. 

 

 

Abell, S.K.,& Smith, D.C. (1994). What is science? Preservice elementary teachersô 

conceptions of the nature of science. International Journal of Science 

Education, 16, 475ï487. 



 

 

 

178 

Aikenhead, G. S. and Ryan, A. G. (1992). The development of a new instrument: 

ñViews onscience technology-societyñ (VOSTS). Science Education,76, 477-

491 

 

 

Ak­ay, B. (2011). Turkish elementary and secondary studentsô views about science 

and scientist. Asia-Pacific Forum on Science Learning and Teaching, 12(1), 

1-11. 

 

 

Akerson, V.L., & Abd-El-Khalick, F. (2003). Teaching elements of nature of 

science: A yearlong case study of a fourth-grade teacher. Journal of Research 

in Science Teaching, 40(10), 1025-1049. 

 

 

Akerson, V.L., Abd-El-Khalick, F.S., & Lederman, N.G. (2000). Influence of a 

reflective activity-based approach on elementary teachersô conceptions of the 

nature of science. Journal of Research in Science Teaching, 37, 295ï317. 

 

 

Akerson, V. L., Buzzelli, C. A., & 1, Donnelly, L. A. (2008). Early childhood 

teachers' views of nature of science: The influence of intellectual levels, 

cultural values, and explicit reflective teaching. Journal of Research in 

Science Teaching, 45(6), 748 ï 770. 

 

 

Akerson, V. L., Cullen, T.A., & Hanson, D. L. (2009). Fostering a community of 

practice through a professional development program to improve elementary 

teachersô views of nature of science and teaching practice. Journal of 

Research in Science Teaching, 46(10), 1090-1113. 

 

 

Akerson, V. L., Cullen, T.  A., & Hanson, D. L. (2010). Experienced Teachersô 

Strategies for Assessing Nature of Science Conceptions in the Elementary 

Classroom, Journal of Science Teacher Education, 21, 723ï745. 

 

 

Akerson, V. L., Morrison, J. A. & McDuffie, A. R. (2006), One course is not 

enough: Preservice elementary teachers' retention of improved views of 

nature of science. Journal of Research in Science Teaching, 43, 194ï213.  

 

 

Akerson, V. L., & Volrich, M. L. (2006). Teaching nature of science explicitly in a 

first-grade internship setting. Journal of Research in Science Teaching, 43(4), 

377ï394. 

 

 



 

 

 

179 

Alters, B.J. (1997). Whose nature of science? Journal of Research in Science 

Teaching, 34, 39-55. 

 

 

American Association for the Advancement of Science (1993). Benchmarks for 

Science Literacy: A Project 2061 Report. NewYork: Oxford University Press. 

 

 

Aslan, O. (2009). Fen ve teknoloji ºĵretmenlerinin bilimin doĵasē hakkēndaki 

gºr¿ĸleri ve bu gºr¿ĸlerin sēnēf uygulamalarēna yansēmalarē [Science and 

technology teachersô views on nature of science and the reflections of these 

views on classroom activities], Unpublished doctoral dissertation, Gazi 

University, Ankara 

 

 

Aydēn, S. (2012). Examination of chemistry teachersô topic-specific nature of 

pedagogical content knowledge in electrochemistry and radioactivity. 

Unpublished Doctoral Dissertation. Middle East Technical University, 

Ankara, TURKEY. 

 

 

Ayvacē, H. ķ. & Er Nas, S. (2010). Fen ve teknoloji dersi konularinin okulda ve 

 Dershanede iĸleniĸiyle ilgili durumlarin Belirlenmesi [Determining the 

Processive Cases of Science and Technology Course Subjects at Schools and 

Private Preparation Course]. Dicle ¦niversitesi Ziya Gºkalp Eĵitim Fak¿ltesi 

Dergisi, 13, 113-124  

 

 

Bauer, H. H. (1992). Scientific literacy and the Myth of the Scientific Method. 

University of Illinois Press: Chicago 

 

 

Baxter, J. A., & Lederman, N. G. (1999). Assessment and measurement of 

pedagogical content knowledge. In J. Gess-Newsome & N. G. Lederman 

(Eds.), Examining pedagogical content knowledge: The construct and its 

implications for science education (pp 147-161). Netherlands: Kluwer 

Academic Publisher 

 

 

Bektas, O. & Geban, ¥. (2010). Turkish high school studentsô conceptions of the 

nature of science. Procedia Social and Behavioral Sciences 2, 1982ï1986 

Paper presented at the annual meeting of World Conference on Educational 

Sciences, Ķstanbul, Turkey. 

 

 

Bell, R. L., & Lederman, N. G. (2003). Understandings of the nature of science and 

decision making on science and technology based issues. Science Education, 

87, 352ï 377. 



 

 

 

180 

Bell, R. L., Lederman, N. G., & Abd-El-Khalick, F. (2000). Developing and acting 

upon one's conception of the nature of science: A Follow-up study. Journal of 

Research in Science Teaching, 37(6), 563-581. 

 

 

Bell, R. L., Lederman, N. G., & Abd-El-Khalick, F. (1998) Implicit versus explicit 

nature of science instruction: An explicit response to Palmquist and Finley. 

Journal of Research in Science Teaching, 35(9), 1057ï1061.  

 

 

Bell, R.L., Matkins, J.J., & Gansneder, B.M. (2011). Impacts of contextual and 

explicit instruction on preservice elementary teachersô understandings of the 

nature of science. Journal of Research in Science Teaching, 48, 414ï436. 

 

Bogdan, R. & Biklen, S. K. (2007). Qualitative research for education: An 

Introduction to theories and methods (5th  ed.). London: Pearson Education 

Inc. 

 

Brickhouse, N. W. (1990). Teachers' Beliefs About the Nature of Science and Their 

Relationship to Classroom Practice.  Journal of Teacher Education, 41(3), 

53-62 

 

 

Brickhouse N.W., & Bodner, G.M. (1992). The beginning science teacher: 

Classroom narratives of convictions and constraints. Journal of Research in 

Science Teaching, 29(5), 471-485. 

 

 

Brown,  M., Luft, J., Roehrig, G., &  Kern, A. (2006). Beginning Science Teachers' 

Perspectives on the Nature of Science: The Development of a Nature of 

Science Rubric. Paper presented at The Association for Science Teacher 

Education International Conference, Portland, Oregon. 

 

 

Bybee, R. (1997). Achieving scientific literacy: From purpose to practice. 

Portsmouth, N.H.: Heinemann 

 

 

Cavallo, A. (2008). Experiencing the Nature of Science: An Interactive, Beginning-

of-Semester Activity, Journal of College Science Teaching, May/June, 12-15.  

 

 

Chen, S. (2001). Prospective teachersô views on the nature of science and science 

teaching. Unpublished Doctoral Dissertation, Indiana University, Indiana, 

USA 

 



 

 

 

181 

Cochran, K.F., DeRuiter, J., & King, R. (1993). Pedagogical content knowing: An 

integrative model for teacher preparation. Journal of Teacher Education, 

44(4), 263-272. 

 

 

Cochran, K. F., King, R. A., & De Ruiter, J. A. (1991). Pedagogical content 

knowledge: a tentative model for teacher preparation. Paper presented at the 

Annual Meeting of the American Educational Research Association, April, 

1991, Chicago. 

 

 

Creswell, J. W. (2007). Qualitative Inquiry and Research Design: Choosing among 

Five Traditions. London, UK: Sage  

 

 

¢alikdemir, M. (2006). Examining middle school studentsô understanding of the 

nature of science. Unpublished masterôs thesis, Middle East Technical 

University, Ankara, Turkey. 

 

 

¢etinkaya, E., Sarēaydēn, ķ., K¿t¿kc¿, Y., & Ak­ay, H. (2010, September). 

Ķlkºĵretim ¥ĵrencilerinin Bilimin Doĵasēna Yºnelik Algēlarē, Paper presented 

at the annual meeting of IX. National Science and Mathematics Education 

conference, 23-25 September, Ķzmir, Turkey. 

 

 

Davis, E. A. (2003). Knowledge integration in science teaching: Analysing teachersô 

knowledge development. Research in Science Education 34(1), 21-53. 

 

 

Davis, E. A., Kenyon, L., Hug, B., Nelson, M., Beyer, C., Schwarz, C., & Reiser, B. 

J. (2008, January). MoDeLS: Designing supports for teachers using Scientific 

Modeling. Paper presented at the Association for Science Teacher Education, 

St. Louis, MO. 

 

 

Davis, E. A., & Krajcik, J. S. (2005). Designing educative curriculum materials to 

promote teacher learning. Educational Researcher, 34(3), 3-14. 

 

 

DeBoer, G. E. (2000). Scientific literacy: Another look at its historical and 

contemporary meanings and its relationship to science education reform. 

Journal of Research in Science Teaching, 37(6), 582ï601.  

 

 

Dillon, J. (2009). On Scientific Literacy and Curriculum Reform, International 

Journal of Environmental & Science Education, 4(3), 201-213.  



 

 

 

182 

Doĵan Bora,  N. (2005) . T¿rkiye genelinde ortaºĵretim fen branĸē ºĵretmen ve 

ºĵrencilerinin bilimin doĵasē ¿zerine gºr¿ĸlerinin araĸtērēlmasē,  

Unpublished Doctoral Dissertation Gazi University, Ankara, Turkey. 

 

 

Dogan,  N. & Abd-El-Khalick, F. (2008). Turkish grade 10 studentsô and science 

teachersô conceptions of nature of science: A National study. Journal of 

Research in Science Teaching, 45(10), 1083ï1112. 

 

 

Doĵan Bora, N., Arslan, O. & ¢akēroĵlu, J. (2006). What do high school students 

think about science and scientists? Hacettepe ¦niversitesi Eĵitim Fak¿ltesi 

Dergisi, 31, 32-44. 

 

 

Doĵan, N., ¢akēroĵlu, J., ¢avuĸ, S., Bilican, K., & Arslan, O. (2011). Developing 

science teachersô nature of science views: The effect of in-service teacher 

education program. Hacettepe University Journal of Education, 40, 127-139  

 

 

Eichinger, D. C., Abell, S. K., & Dagher, Z. R. (1997). Developing a graduate level 

science education course on the nature of science. Science and Education, 

6(4), 417ï 429 

 

 

Erdoĵan, R. (2004). Investigation of the preservice science teachersô views on nature 

of science. Unpublished masterôs thesis, Middle East Technical University, 

Ankara, Turkey. 

 

 

Faikhamta, C. (2012). The Development of In-Service Science Teachersô 

Understandings of and Orientations to Teaching the Nature of Science within 

a PCK-Based NOS Course. Research in Science Education, ñAdvance online 

publicationò. doi: 10.1007/s11165-012-9283-4 

 

 
Flick, L. B. (1996). Understanding a generative learning model of instruction: A case 

study of elementary teacher planning. Journal of Science Teacher Education, 

7(2), 95-122.  
 

 

Friedrichsen, P. J., Abell, S. K., Pareja, E. M., Brown, P. L., Lankford, D. M., & 

Volkmann, M. J. (2009). Does teaching experience matter? Examining 

biology teachers' prior Knowledge for teaching in an alternative certification 

program. Journal of Research in Science Teaching, 46(4), 357-383. 

 

 



 

 

 

183 

Gess-Newsome, J. (1999). Pedagogical content knowledge: An introduction and 

orientation. In J. Gess- Newsome & N.G. Lederman (Eds.), Examining 

pedagogical knowledge: The construct and its implication for science 

education. (pp. 3ï17). Netherlands: Kluwer Academic Publisher. 

 

 

Glaser, B. G., & Strauss, A. L. (1967). The discovery of grounded theory: Strategies 

for qualitative research. Chicago, IL: Aldine Publishing Company. 

 

 

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge & Teacher 

education. New York: Teachers College Press. 

 

 

G¿rses, A., Dogar, ¢.,  & Yal­ēn, M. (2005). Bilimin dogasē ve y¿ksek ºgrenim 

ºgrencilerinin bilimin dogasēna dair d¿s¿nceleri, Milli Egitim, 166, 65-72. 

 

 

Haidar, A. H. (1999). Emirates preservice and inservice teachersô views about nature 

of science. International Journal of Science Education, 21, 807-822. 

 

 

Hanuscin, D., & Hian, J. (2009, April). Developing pedagogical content knowledge 

for teaching the nature of science: Lessons from a mentor-mentee 

relationship. Paper presented at the annual meeting of the National 

Association for Research on Science Teaching: Garden Grove, CA. 

 

 

Hanuscin, D., Lee, M. H., & Akerson, V. (2011). Elementary teachersô pedagogical 

content knowledge for teaching the nature of science. Science Education, 

91(1), 145-167. 

 

 

Herman, B. C. (2010). Teaching the nature of science: Practices and associated 

factors, Unpublished doctoral thesis, Iowa State University 

 

 

Hodson, D. (1993). Philosophic stance of secondary school science teachers, 

curriculum experiences, and childrenôs understanding of science: Some 

preliminary findings. Interchange, 24, 41-52. 

 

 

Irzēk, G. & Nola, R. (2010). A family resemblance approach to the nature of science 

for science education, Science and Education, 20(7-8), 591-607. 

 

 



 

 

 

184 

Jenny, K. (2011). Interactive relationships among teachers' intentions, beliefs, 

pedagogical content knowledge and classroom instruction on the nature of 

science. Unpublished doctoral thesis, University of Hong Kong. 

 

 

Kang, S., Scharman, L. C., & Noh, T. (2005). Examining Studentsô Views on the 

Nature of Science: Results from Korean 6th, 8th, and 10th Graders. Science 

Education, 89(2), 314ï 334. 

 

 

Khishfe, R., & Abd-El-Khalick, F. (2002) Influence of Explicit and Reflective 

Versus Implicit Inquiry-Oriented Instruction on Sixth Gradersô Views of 

Nature of Science, Journal of Research in Science Teaching, 39(7), 551-578. 
 

 

Kēlē­, K., Sungur, S., ¢akēroĵlu, J. & Tekkaya, C. (2005). Ninth grade studentsô 

understanding of the nature of scientific knowledge.  Hacettepe ¦niversitesi 

Eĵitim Fak¿ltesi Dergisi, 28, 127-133 
 

 

Kim, B. S., Ko, E. K., Lederman, N.G., & Lederman, J. S. (2005, April). A 

developmental continuum of pedagogical content knowledge for nature of 

science instruction.  Paper presented at the annual meeting of the National 

Association for Research in Science Teaching, Dallas, Texas.   

 

 

Koehler, C. M. (2006). Challenges and Strategies for Effectively Teaching the 

Nature of Science: A Qualitative Case Study. An unpublished doctoral thesis, 

University of Connectuit 

 

 

Laugksch, R. C. (2000). Scientific literacy: A conceptual overview. Science 

Education, 84(1), 71ï94.  

 

 

Layton, D., Jenkins, E., & Donnelly, J. (1994). Scientific and technological literacy: 

meanings and rationales; an annotated bibliography. Leeds, UK: University 

of Leeds retrieved at December 7, 2010 from 

http://www.unesco.org/education/pdf/325_94.pdf 

 

 

Lederman, N.G. (1992). Studentsô and teachersô conceptions of the nature of science: 

A review of the research. Journal of Research in Science Teaching, 29(4), 

331ï359.  

 

 

 

http://www.unesco.org/education/pdf/325_94.pdf


 

 

 

185 

Lederman, N.G. (1995, January). Teachers' conception of the nature of science: 

Factors that mediate translation into classroom practice. Paper presented at 

the annual meeting of the Association for the Education of Teacher in 

Science, Charleston, WV. 

 

 

Lederman, N. G. (1998). The state of science education: Subject matter without 

context. Electronic Journal of Science Education, 3(2). Retrieved October 03, 

2010 from 

http://ejse.southwestern.edu/original%20site/manuscripts/v3n2/articles/guest

%20editorial/lederman.html 

 

 

Lederman, N.G. (1999). Teachers' understanding of the nature of science and 

classroom practice: Factors that facilitate or impede a relationship. Journal of 

Research in Science Teaching, 36(8), 916-929. 

 

 

Lederman, N. G. (2007). Nature of science: Past, present, and future. In S. K. Abell 

& N. G. Lederman (Eds.), Handbook of research on science education (pp. 

831-879). Mahwah, NJ: Erlbaum. 

 

 
Lederman, N. G.  & Abd-El-Khalick, F. (1998). Avoiding De-Natured Science: 

Activities that Promote Understanding of the Nature of Science, In  McComas, 

W. F. (Ed.), The Nature of Science in Science Education: Rationales and 

Strategies (pp:83-126). ed: Kluwer Academic Publishers, The Netherlands.  

 

 

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002).Views of 

The nature of science Questionaire: Toward valid and meaningful assessment 

of learnersô conceptions of the nature of science. Journal of Research in 

Science Teaching, 39(6), 497-521. 

 

 

Lederman, N. G., & OôMalley, M. (1990). Studentsô Perceptions of Tentativeness in 

Science: Development, Use and Sources of Change, Science Education, 74, 

225-239.  

 

 

Lederman, N. G., Schwartz, R. S., Abd-El-Khalick, F., & Bell, R. L. (2001). 

Preservice teachers' understanding and teaching of nature of science: An 

intervention study. Canadian Journal of Science, Mathematics and 

Technology Education, 1(2), 135-160 

 

 

http://ejse.southwestern.edu/original%20site/manuscripts/v3n2/articles/guest%20editorial/lederman.html
http://ejse.southwestern.edu/original%20site/manuscripts/v3n2/articles/guest%20editorial/lederman.html


 

 

 

186 

Lederman, N.G., & Zeidler, D.L. (1987). Science teachersô conceptions of the nature 

of science: Do they really influence teaching behavior? Science Education, 

71(5), 721-734 

 

 

Liang,  L. L.,  Chen, S., Chen, X., Kaya,  O. N., Adams,  A. D., Macklin,  M., & 

Ebenezer,  J. (2008). Assessing preservice elementary teachersô views on the 

nature of scientific knowledge: A dual-response instrument. Asia-Pacific 

Forum on Science Learning and Teaching, 9(1).  Retrieved at December 12 

from http://www.ied.edu.hk/apfslt/v9_issue1/liang/index.htm#con 

 

 

Lin, H. & Chen, C. (2002). Promoting Preservice Chemistry Teachersô 

Understanding about the Nature of Science through History. Journal of 

Research in Science Teaching, 39(9), 773ï792. 

 

 
Lincoln, Y. S. & Guba, E.G. (1986) óBut is It Rigorous? Trustworthiness and 

Authenticity in Naturalistic Evaluationô, In David D. Williams (Ed.) Naturalistic 

Evaluation, pp. 73ï84. San Francisco: Jossey-Bass. 

 

 

Liu, S. & Lederman, N. G. (2007). Exploring prospective teachers worldviews and 

conceptions of nature of science. International Journal of Science Education, 

29(10), 1281-1307. 

 

 

Loughran, J., & Berry, A. (2010, February). What do we know about effective CPD 

for developing science teachersô pedagogical content knowledge? Paper 

presented at the International Seminar, Professional Reflections, National 

Science Learning Centre, York. 

 

 

Loughran, J., Mulhall, P., & Berry, A. (2004). In search of pedagogical content 

knowledge in science: Developing ways of articulating and documenting 

professional practice. Journal of Research in Science Teaching, 41(4), 370-

391. doi:10.1002/tea.20007 

 

 

Loughran, J., Mulhall, P., & Berry, A. (2008). Exploring pedagogical content 

knowledge in science teacher education. International Journal of Science 

Education, 30(10), 1301-1320.  

 

 

Lynne Eastwood, J., Sadler, T. D., Zeidler, D. L., Lewis, A., Amiri, L., Applebaum, 

S. (2012). Contextualizing Nature of Science Instruction in Socioscientific 

Issues. International Journal of Science Education (online first) 

doi:10.1080/09500693.2012.667582 

http://www.ied.edu.hk/apfslt/v9_issue1/liang/index.htm#con



