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ABSTRACT 

 

 

EXAMINATION OF CHEMISTRY TEACHERSô TOPIC-SPECIFIC 

NATURE OF PEDAGOGICAL CONTENT KNOWLEDGE IN 

ELECTROCHEMISTRY AND RADIOACTIVITY  

 

Aydēn, Sevgi 

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

Supervisor: Assoc. Prof. Dr. Yezdan Boz 

Co-Supervisor: Assoc. Prof. Dr. Esen Uzuntiryaki  

 

May 2012, 268 pages 

 

The purpose of this study was to examine topic-specific nature of pedagogical 

content knowledge (PCK). Two experienced chemistry teachersô PCK was examined 

in electrochemistry and radioactivity. To capture participantsô PCK, all PCK 

components were studied.  To get deep and rich answers to research questions asked, 

qualitative methodology was used. Participants were selected through purposeful 

sampling. Data were gathered through card-sorting activity, Content Representation 

(CoRe), semi-structured interviews, classroom observations, and field notes. Results 

revealed that participants had two types of PCK, namely, PCK A for teaching 

electrochemistry and PCK B for teaching radioactivity. PCK A included content-

based and teacher-centered instruction, many links to other topics in chemistry and in 

physics. The assessment was coherent which included different types of assessment 

strategies used at the beginning, during, and at the end of teaching. In PCK B, it was 

less teacher-centered. The link to other topics was limited. Additionally, teachers 

used fragmented assessment and were less knowledgeable about learnersô difficulties 

and misconceptions in radioactivity than they were in electrochemistry. Differences 

between PCK A and B may be related to nature of the topics. Learners need to have 

much pre-requisite knowledge both from chemistry and physics to learn 

electrochemistry. Also, there are more concepts in electrochemistry than there are in 
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radioactivity. It seems that when teachers have to focus on more concepts to teach, 

they may have a tendency to teach more-teacher centered to save time. Teacher 

education programs should focus on topic-specific nature of PCK and provide topic-

specific training to teachers.  

 

Keywords: Pedagogical Content Knowledge, Science Teacher Education, Topic-

specific Nature of Pedagogical Content Knowledge,  
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¥Z 

 

 

KĶMYA ¥ĴRETMENLERĶNĶN PEDAGOJĶK ALAN BĶLGĶLERĶNĶN 

KONUYA ¥ZG¦ DOĴASININ ELEKTROKĶMYA VE RADYOAKTĶVĶTE 

KONULARINDA ĶNCELENMESĶ  

 

Aydēn, Sevgi 

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

Tez Yºneticisi: Do­. Dr. Yezdan Boz 

Ortak Tez Yºneticisi: Do­. Dr. Esen Uzuntiryaki 

 

Mayēs 2012, 268 sayfa 

 

Bu ­alēĸmanēn amacē pedagojik alan bilgisinin (PAB)  konuya ºzg¿ doĵasēnē 

incelemektir. Deneyimli iki kimya ºĵretmeninin PABôlarē elektrokimya ve 

radyoaktivite konularēnda incelenmiĸtir. Katēlēmcēlarēn PABô larēnē tam olarak 

anlayabilmek i­in t¿m PAB bileĸenleri ­alēĸēlmēĸtēr. Belirlenen araĸtērma sorularēna 

derinlemesine ve zengin cevaplar bulabilmek i­in, nitel araĸtērma yºntemi 

kullanēlmēĸtēr. Katēlēmcēlar ama­lē ºrneklem yºntemi ile se­ilmiĸtir.  Veriler kart 

gruplama aktivitesi, i­erik gºsterimi, yarē-yapēlandērēlmēĸ gºr¿ĸmeler, sēnēf 

gºzlemleri ve gºzlem notlarē ile toplanmēĸtēr. Sonu­lar katēlēmcēlarēn elektrokimya 

ve radyoaktivite ºĵretimi i­in PAB A ve PAB B olmak ¿zere iki t¿r PABô a sahip 

olduĵunu ortaya koymaktadēr. PAB A i­erik temelli, ºĵretmen merkezli ve kimya ve 

fizikteki diĵer konulara baĵlantēlar i­eren bir ºĵretimi temsil etmektedir. Burada 

yapēlan ºl­mede, farklē ºl­me yºntemleri konu boyunca devamlē olarak 

kullanēlmēĸtēr. PAB B ise gºreceli olarak daha az ºĵretmen merkezlidir. Diĵer 

konulara yapēlan baĵlantēlar da gºreceli olarak daha azdēr. Ayrēca, ºĵretmenler 

par­alē bir ºl­me yapmēĸlardēr. ¥ĵretmenler, ºĵrencilerin zorlandēklarē noktalar ve 

sahip olduklarē yanlēĸ kavramalar ile ilgili olarak radyoaktivite konusunda 

elektrokimyaya gºre daha zayēftērlar. PAB A ve B arasēndaki farklar konularēn 

doĵalarē ile a­ēklanabilir. Elektrokimyayē ºĵrenebilmek i­in hem kimya hem de fizik 
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alanēndan ­ok fazla ºn bilgiye ihtiya­ vardēr. Ayrēca elektrokimya konusu 

radyoaktivite konusundan daha fazla kavram i­ermektedir. ¥ĵretilecek daha ­ok 

kavram olduĵunda ºĵretmenler zaman kazanmak adēna daha ­ok ºĵretmen merkezli 

bir ºĵretimi tercih edebilmektedir. ¥ĵretmen eĵitimi programlarē PABôēn konuya 

ºzg¿ doĵasēna odaklanmalē ve ºĵretmenlere konuya ºzg¿ eĵitim sunmalēdēr.  

 

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

Bilgisinin Konuya ¥zg¿ Doĵasē, 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

In the 21
st
 century, science and technology have been progressing rapidly, which 

makes it challenging to follow developments.  Rapid alteration leads to changes in 

the knowledge and skills needed to be a successful employee, responsible citizen, 

and intellectual person (Boltz & Swartz, 1997). To be able to keep up with the all 

changes mentioned, people in this era have to be knowledgeable about science and 

technology (Organization for Economic Co-operation and Development [OEDC], 

2009). Due to the essential role of having scientific knowledge and science process 

skills (e.g. formulating hypothesis, interpreting data, and controlling variables) both 

in daily life and workplace, scientific literacy is major goal of many reforms in 

science  education (Bybee, 1997; Roberts, 1988). ñScientific literacy is the 

knowledge and understanding of scientific concepts and processes required for 

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

productivityò (National Research Council [NRC], 1996, p.22). 

 

Programme for International Student Assessment (PISA) tests focus on studentsô 

ability to explain scientific phenomena, to use scientific evidence to predict 

phenomena, and to apply scientific knowledge to health, environmental and 

technological issues. To assess 15-year old studentsô reading, mathematics and 

scientific literacy, PISA assessments were carried out in 2003, 2006, and 2009 all 

around the world. PISA assessment system describes proficiency levels from one to 

six in science.  In 2006, only 1.3% of students from OECD countries could reach 

level 6 which is the highest level.  

The number of students at very low proficiency is also an important indicator 

ï not necessarily in relation to the development of future scientific personnel 

but in terms of citizensô ability to participate fully in society and in the labor 

market. At Level 2, students start to demonstrate the science competencies 



2 

 

that will enable them to participate actively in life situations related to science 

and technology. Across the OECD, on average 19.2% were classified as 

below Level 2, including 5.2% below Level 1 (OECD, 2007, p.3).   

 

PISA results showed that Turkish studentsô results were lower than the mean of 

OECD countries (OECD, 2007). In addition to PISA scores, university entrance 

examination scores have provided further evidence of studentsô low level of 

achievement especially in science. For instance, in 2009, 704,712 students out of 

1,294,074 scored 0.25 or lower raw score than 0.25 from the Science-1 test 

(Selection and Placement of Students in Higher Education Institutions, 2010). So, 

these disappointing results, changes in other countries science programs, and ever 

changing needs of society made reforms inevitable. In response to all of them, 

Elementary Science and Technology curriculum was started to be revised in 2004 

( National Ministry of Education [NME], 2006). Moreover, in 2007, reforms for 

high school physics, chemistry, and biology curricula have been started (NME, 

2007). However, changes in the curricula do not guarantee a solution to educational 

problems and to raise scientifically literate citizens. Even if the new curricula suggest 

new strategies and methods for teaching and assessment, teachers have difficulties in 

reflecting the new curriculum to their teaching (Aydēn & ¢akēroĵlu, 2010).  

  

Teachers are one of the most important factors in studentsô understanding and 

achievement (Lumpe, 2007; Miller, 2001; Sanders, 2000; van Driel, Beijaard, & 

Verloop, 2001), which increases the importance of professional development 

activities enriching teachersô knowledge and skills (King & Newmann, 2000). 

Committee on Science and Mathematics Teacher Preparation (2001) stated that 

teachersô responsibility and job demands are very similar to those of airline pilots. 

Due to the teachersô role in studentsô learning and on the society in the long term, 

similar to pilot training, teacher training requires demanding and long running 

preparation. Teacher training should lead to increased teacher effectiveness, which is 

assumed to result in positive student learning gains. Therefore, research on teacher 

knowledge and practice is needed due to their role in providing rich and valuable 

data for reforms in professional development and teacher education programs 
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(Avraamidou & Zembal-Saul, 2005; Friedrichsen, 2008; van Dijk & Kattmann, 

2007; van Driel, Verloop, & de Vos, 1998).  

In the teacher education field research, researchers have been studying on teachersô 

knowledge (Abell, 2007; Grossman 1990; Magnusson, Borko, & Krajcik, 1999; 

Shulman, 1986, 1987), teachersô learning (Loughran, 2007; Putnam & Borko, 2000), 

and teachersô beliefs (Nespor, 1987; Pajares, 1992; Southerland, Sinatra, & 

Matthews, 2001). In this research, teachersô knowledge was focused on. In 1986, 

Pedagogical content knowledge (PCK) was introduced by Shulman (1986) as a 

knowledge base for teaching. In this qualitative study, I used PCK as a theoretical 

framework to study teachersô knowledge due to the fact that it is a useful and an 

acknowledged framework to study teachersô knowledge (Carlsen, 1999; Gess-

Newsome, 1999). In PCK framework, in addition to SMK, teachers should know 

learnersô prior knowledge about the topic, the difficulties that may have, how to 

teach the topic, how to organize lesson, which representations, figures, activities, and 

assessment strategies are better than others, and how to use instructional strategies 

(Abell, 2007; Magnusson et al., 1999; Tobin & McRobbie, 1999). 

 

Shulman (1987) described PCK as a unique mixture of content and pedagogical 

knowledge for teaching a topic in an understandable way to students. As a construct, 

PCK is important. First, PCK is formed through the transformation of many different 

knowledge bases for teaching; however, it is not the ordinary mixture of them. 

Rather, the components inform and interact with each other (Magnusson et al., 

1999). Second, PCK has a significant role in defining effective and competent 

teachers, and their practice. The practical value of PCK is related to its nature 

because it informs aspects of science teacher education programs, in terms of both 

pre-service and in-service teacher education. Additionally, PCK is also related to 

learnersô understanding of science topics due to the fact that knowledge of learner 

component of PCK focuses on learnersô difficulties, misconceptions, and pre-

requisite knowledge (van Driel et al., 1998). Furthermore, PCK and its components 

are useful for researchers studying on teacher knowledge and practice because they 

provide a road map to find your way (Friedrichsen, 2008; Marks, 1990). Therefore, 

in order to gain a better understanding of teachersô knowledge and to realize its 
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importance, the thing that should be done is to uncover teachersô knowledge, which 

is the major purpose of research in teachersô PCK field (Loughran, Gunstone, Berry, 

Milroy, & Mulhall, 2000; Marks, 1990). 

 

1.1. Significance of the Study 

 

Since 1986, the introduction of PCK, scholars have studied how PCK develops, 

sources of it, and how components of PCK interplay with each other. From the 

acknowledged research, it has been asserted that PCK is a topic-specific construct 

(Cochran, King, & DeRuiter, 1991; Loughran, Mulhall, & Berry, 2004; van Driel, et 

al., 1998; Veal & MaKinster, 1999). However, research has not been shown how 

PCK is topic-specific and how teachers transform SMK of different topics into PCK 

for teaching them (Abell, 2008; van Driel et al., 1998). Therefore, the literature has 

clearly identified the need for more topic-specific PCK research within the 

complexity of the classroom to determine how teachersô use their PCK in 

transforming their SMK into pedagogically powerful representations to support 

student learning (Abell, 2008; Avraamidou & Zembal-Saul, 2005; Bucat, 2004; de 

Jong, et al., 2005; Geddis, Onslow, Beynon, & Oesch, 1993; Loughran, et al., 2004; 

Magnusson, Borko, & Krajcik, 1994; Morine-Dershimer & Kent, 1999; Shannon, 

2006; van Driel et al., 1998). Related to this point, Loughran et al., (2004) 

highlighted the scarcity of concrete examples of teachersô PCK. Therefore, the 

current research is supposed to provide valuable information about experienced 

teachersô PCK and how they use their PCK in teaching for particular topics because 

PCK is specific to topic (van Driel, et al., 1998).    

 

In addition to that, PCK literature calls for more research which compares and 

contrasts teachersô PCK in different topics within the same discipline (Abell, 

2008).ñIf we take PCK to be a paradigm for teacher knowledge research, many 

normal science puzzles within that paradigm present themselvesò (p.1410). To be 

able to solve other pieces, the comparison studies are valuable. Although examining 

teachersô PCK in a particular topic provides valuable information to the literature, 

focusing on teachersô PCK in different topics in the same discipline is supposed to 
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push further the PCK literature how topic-specific PCK is and where the overlaps 

and differences for diverse are, which may be a step beyond just describing nature of 

PCK for a particular topic.  

 

The significance of the study also roots in the data collected from real classroom 

context. As mentioned above, to enrich PCK literature about the nature of the 

construct, the practical knowledge that teachers actually use in their teaching was 

focused in this study. To deepen the topic-specific nature of the concept, real 

practitionersô experience would help the literature understand how topic shapes 

teachersô teaching and assessment practices. Unlike to the some other studies (e.g. 

Magnusson et al., 1999), this research was based on the experienced teachersô 

teaching practice in real classroom contexts. 

 

In addition to the theoretical part, the results of the study are hoped to provide 

practical knowledge for other chemistry teachers who teach the same topics in their 

classes. Experienced teachersô rich repertoire of teaching practices may enrich other 

teachersô teaching as well. Through the sharing experience, PCK is useful regarding 

to developing teachersô practice in addition to a theoretical construct (Loughran et 

al., 2004).   

 

Related to the practical use, Bucat (2004) criticized the convention of teaching 

profession which has been likened to óre-invention of the wheelô. Unlike the other 

professions, valuable experience of qualified teachers is not shared to form a 

professional agenda. The researchers diagnosed the problem as óprofessional 

amnesiaô. To remedy the problem, Bucat (2004) provided two suggestions. First, 

teachers, chemists, and experts in chemical education should come together and 

study to form an archive including knowledge about learning, learnersô ideas, 

strategies for teaching particular topics, and tips for enacting them. Second, 

experienced teachersô vignettes should be formed as in other professions (e.g. 

architecture). The vignettes formed should be used in order to show other teachers 

how they should plan and how they should use instructional strategies. Formed 

agenda by the use of veteran teachersô insights and practices will be a precious 
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source both for pre-service teacher education and professional development 

programs for in-service teachers (Bucat, 2004). Similar to Bucat (2004), van Driel et 

al., (1998) stated that giving end to reinvention of the wheel by every teacher is one 

of the basic purposes of the PCK research. Unless experienced teachersô knowledge 

and practice are depicted, we, as teacher educators, cannot take advantage of their 

wisdom for inexperienced ones (Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 

2008), which makes the teaching a game played without audience (Shulman, 1987). 

Therefore, this study also focused on Bucatôs (2004) second suggestion which is 

examining experienced teachersô PCK. Similarly, Geddis et al., (1993) and van Driel 

et al., (2001) highlighted the importance of studying experienced teachersô PCK 

because although they had rich PCK, they did not share it with pre-service and 

novice teachers. Therefore, their knowledge can be made explicit through elaborating 

and sharing teachersô wisdom of practice for the development of cases, which will be 

a valuable resource for both pre-service teacher education programs and in-service 

teacher trainings.  

 

Finally, the study is hoped to contribute to PCK literature by studying with 

experienced teachers. In the related literature, research studies generally have 

focused on PCK development of pre-service teachers (e.g. Loughran et al., 2004; 

Nilsson, 2008; Shannon, 2006; van Driel, de Jong, & Verloop, 2002; Zembal-Saul, 

Krajcik, & Bluemenfeld, 2002). However, pre-service and novice teachers generally 

do not have a robust PCK (Magnusson et al., 1999; Shulman, 1987). Therefore, to 

focus on experienced teachersô practice would provide a valuable example of how 

teachers use PCK in teaching. 

 

To sum up, in light of the literature, the main purpose of the study was to examine 

experienced chemistry teachersô PCK in two different topics in chemistry field. This 

study has three powerful aspects; first, examining teachersô PCK in different topics 

and presenting valuable information about how topic-specific PCK is, second, 

providing concrete example of experienced teachersô PCK in specific topics, and 

finally, dealing with interaction between PCK components. Concrete examples are 

expected to be an important source for pre-service and beginning teachers, which 
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helps them relate theoretical and practical parts of teaching (van Driel et al., 2001). 

Moreover, they are hoped to be used in professional development programs.  

  

In addition to contribution of this study to the PCK literature, it is hoped to provide 

beneficial insights regarding the how PCK components interplay. Although PCK is a 

theoretical construct, it has also practical aspect (Abell, 2008). PCK models 

identified components of PCK; however, they do not indicate how the components 

interact (Friedrichsen, van Driel, & Abell, 2011). Are these relations one-sided 

and/or mutual? How does orientation component influence other components? These 

questions have not been answered yet. They should be focused on by the use of 

empirical evidences taken from real classroom context. Therefore, research should 

elaborate on how teachers use PCK components simultaneously in order to make the 

topic more understandable to learners (Abell, 2008; Friedrichsen, et al., 2011; Henze, 

van Driel, & Verloop, 2008). A better understanding of the componentsô interplay 

informs the literature about nature of PCK, which provides useful information for the 

design and revision of teacher education programs (NRC, 1996). In response to the 

call for research into examining the interplay of PCK components, we sought to 

examine how experienced teachersô PCK components interact to make the topic 

more comprehensible for learners.  

 

In this research to get deeper knowledge about teachersô topic-specific PCK and to 

examine the interplay among the components of PCK, all components of PCK were 

studied. Due to the nature of PCK, focusing on only one component is really hard in 

terms of data collection, analysis, and discussion (Friedrichsen & Dana, 2005; Abell, 

personal communication, February, 2010). Due to the interaction between 

components, studying only one component of PCK makes it hard to draw borders 

among which component starts and finishes (Friedrichsen & Dana, 2005). 

Correspondingly, Loughran et al., (2000) pointed out that PCK is not one of the 

components rather ñthe nature of PCK is a result of the different ways the elements 

can overlap and be portrayed, and this portrayal varies through the variations in the 

overlap of the elementsò (p. 4). 



8 

 

Regarding the topics selection, electrochemistry and radioactivity were studied 

because (a) the nature of the topics are very different (e.g. focus, type of reactions, 

level of abstractness, etc.), (b) they have not been studied in terms of topic-specific 

PCK yet; (c) research on studentsô misconceptions in electrochemistry has provided 

misconceptions and difficulties that students have (Garnett & Treagust, 1992a; 

1992b; Sanger & Greenbowe, 1997a). The nature of the topics should be different to 

elaborate how PCK is specific-to topic. It is also important to choose the topics that 

have not been studied yet.  

 

This study in which experienced chemistry teachersô topic-specific PCK was 

examined is a qualitative case study which provides a detailed picture of the people, 

event, or group focused on (Merriam, 1988, as cited in Merriam, 1998). Case studies 

provide deep information to the researcher. Therefore, to get rich and deep 

information from the teachers, case study design was preferred to be used.  

 

1.2. Research Questions Addressed 

 

How is experienced high school chemistry teachersô PCK different and/or similar for 

teaching different topics within the same discipline? 

 

1.2.1. Sub-research Questions: 

 

1. What is the nature of experienced chemistry teachersô PCK for teaching 

electrochemistry and radioactivity topics?  

a. What is the nature of experienced chemistry teachersô knowledge of learner 

for teaching electrochemistry and radioactivity topics?  

b. What is the nature of experienced chemistry teachersô knowledge of 

instructional strategy for teaching electrochemistry and radioactivity topics?  

c. What is the nature of experienced chemistry teachersô knowledge of 

curriculum for teaching electrochemistry and radioactivity topics?  

d. What is the nature of experienced chemistry teachersô knowledge of 

assessment for teaching electrochemistry and radioactivity topics?  
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2. How do PCK components interplay for teaching electrochemistry topic? 

 

The second research question was based on data collected from one of the 

participants in electrochemistry topic. I decided not to include both participantsô data 

due to the complex nature of the interplays. The data of Mr. Demir who had richer 

PCK than Mrs. Ertan was analyzed for the second sub-research question. Details 

were provided in methodology part.  

 

1.3. The intended Audience of the Research 

 

The intended audiences of the research are teacher educators (specifically chemistry 

and science teacher educators), researchers who are interested in teacher education, 

pre- and in-service chemistry teachers, and policy makers in higher education. It is 

hoped that the results of the study will present useful and valuable information about 

nature of PCK construct to the PCK literature, and to teacher educators who design 

professional development (PD) and pre-service teacher training programs. Moreover, 

concrete examples of participant teachersô PCK can be used as cases in both pre-

service and in-service teacher training programs as well.  

 

1.4. Definitions of Important Terms  

 

Pedagogical content knowledge (PCK) ñrepresents the blending of content and 

pedagogy into an understanding of how particular topics, problems, or issues are 

organized, represented, and adapted to the diverse interests and abilities of learners, 

and presented for instructionò (Shulman, 1987, p. 8). PCK is measured by use of 

observations of teachersô teaching, interviews with teachers, examining teachersô 

lesson plans, and with instruments such as content representations (CoRe) and 

pedagogical and professional-experience repertoire (Pap-eRs). In this study, PCK 
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was studied by the use of card-sorting activity, CoRe, semi-structured interviews, 

and observations.  

 

Subject matter knowledge (SMK) is knowledge of content belonging to a specific 

field. In this study, SMK is participant teachersô chemistry knowledge that includes 

substantive and syntactic components. The substantive compasses the knowledge of 

facts, rules, principles, concepts, and theories in a specific field of science whereas 

the syntactic component covers knowledge of the process through which knowledge 

is generated in the field (Schwab, 1963, as cited in Tamir, 1988). In this study, SMK 

was not measured because it was not in the scope of the study. It was assumed that 

participants have strong SMK in chemistry. The researcher was careful about the 

participantsô SMK during observations made. Whenever I realized a weakness and/or 

strength in SMK, notes were taken.  

 

Pedagogical Knowledge (PK) is related to teaching but it is not specific to any field 

such as science teaching or history teaching. It includes general knowledge (e.g., 

classroom management and communication with learners, etc.) for all teachers.  

 

Knowledge of context (KofC) is a necessary knowledge for teachers regarding to be 

aware of the nature, properties, and facilities of the district in which the school exists.  

 

Orientation to science teaching, overarching component of PCK, ñrepresents a way 

of viewing or conceptualizing science teachingò (Magnusson, et al., 1999, p. 97). 

The participantsô orientation to science teaching was described by the use of card-

sorting task, semi-structured interviews, and observations of teachersô teaching. 

 

Knowledge of learner is PCK component that is related to learnersô difficulties and 

misconceptions in learning specific topic and prerequisite knowledge necessary to 

learn the topic (de Jong, et al., 2005). Knowledge of learners was measured with 

CoRe, semi-structured interviews, and observations.  
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Knowledge of instructional strategies, another PCK component, ñincludes 

knowledge of representations and activities for teaching a specific topicñ(de Jong et 

al., 2005, p.949). Knowledge of instructional strategies was measured by use of 

CoRe, semi-structured interviews, and observations.  

 

Knowledge of curriculum, yet another component of PCK, consisted of knowledge 

of curriculum goals, and of curricular materials provided by the curriculum 

developers (Magnusson et al., 1999). Knowledge of learners was measured with 

CoRe, semi-structured interviews, and observations.  

 

Knowledge of assessment, still another component, comprises knowledge of what to 

assess, purposes of assessment, and how to assess studentsô learning. Knowledge of 

assessment was measured with CoRe, semi-structured interviews, collection of 

homework and quizzes given by the teachers, and observations. 

 

Experienced teachers are the practitioners who have at least five or more years 

experience in teaching. Although there is no fixed time to develop proficiency in the 

profession, five or more years in teaching is acceptable time span to be an expert 

(Berliner, 2001). Moreover, I was also careful about the other related points. For 

instance, they have been participating to professional development activities for a 

long time. To be sure about their experience, before the study, opinion of the 

principals and of researchers who had studied with chemistry teachers was taken. 

Moreover, in a priori meeting, I asked them how they teach. Also, pre-service 

teachers who studied with teachers in their practice teaching course were requested 

to share their idea about teachersô teaching. With help of the information collected 

from different sources, participants were selected.  
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 CHAPTER 2  

 

 

 LITERATURE REVIEW  

 

 

 

In this chapter, a detailed review of the PCK literature was presented. To make the 

review more useful and comprehensible, some sub-titles were formed. This chapter 

included 6 sub-titles; (a) Historical Development of PCK and PCK Models in the 

Literature, (b) Research on science teachersô PCK, (c) Research elaborating SMKôs 

influence on PCK and teaching, (d) Research on in-service science teachersô topic-

specific PCK, (e) Conclusions for PCK-SMK relation and interplay among PCK 

components, and, finally, (f) PCK studies in Turkey. At the end of each sub-title, the 

summary of it was provided. At the end, difficulties of studying PCK were also 

provided to make researchers aware of them and to make them think how to cope 

with them.  

 

Although valuable and essential studies have been conducted in math area (e.g. Ball, 

Hill, & Bass, 2005; Iĸēksal, 2006; Seviĸ, 2008), due to the differences in PCK models 

used in math and science fields, and my unfamiliarity with math teaching, studies 

only from science fields were summarized here.  

 

2.1. Historical Development of PCK and PCK Models in the L iterature 

 

Since mid-1980s, the attention of teacher education research has changed from 

teachersô behaviors to their knowledge and beliefs. Kagan (1992) called teacher 

education research as learning-to-teach focus of which development of teachersô 

beliefs, cognition, and knowledge. The new trend becoming popular in 1980s in 

teacher education research was different from the previous one in terms of the 

methodology.  Learning-to-teach literature has, generally, utilized naturalistic 
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inquiry. Therefore, the sample of these studies was smaller than those of other 

research which utilized quantitative inquiry.  

In recent years, attention of the research on teacher education has been practical 

knowledge of teachers (Carter 1990, as cited in van Driel, et al., 1998). In 1986, 

Shulman criticized the reforms carried out in that year in the US. He argued that 

these reforms viewed teaching simpler than as it really was and its difficulties were 

not taken into consideration. In addition, Shulman identified a missing paradigm in 

the educational research area, namely, teachersô understanding of subject matter 

content and its effects on teachersô instruction. Shulman also wondered how teachers 

transform their knowledge of subject matter into a form which helps students to 

understand. PCK was first offered by Shulman in 1987 as ñthe special amalgam of 

content and pedagogy that is uniquely the province of teachers, their own special 

form of professional understandingò (p.8). With the introduction of PCK construct, 

Shulman caused a paradigm shift in teacher education research area (Carlsen, 1999).  

 

In 1986, Shulman stated that teachersô knowledge could be examined under three 

basic categories, namely, subject matter content knowledge, pedagogical content 

knowledge, and curricular knowledge. In his view, PCK includes knowledge of 

analogies, examples, illustrations, demonstrations in order to represent the subject 

matter knowledge to learners in understandable ways. In addition to that, PCK 

compasses the knowledge related with learnersô difficulties and misconceptions 

about the subject. Finally, knowledge of curriculum includes knowledge about 

curriculum materials, lateral curriculum knowledge, and vertical curriculum 

knowledge. In his following study in 1987, he extended categories of teachersô 

knowledge base and added general pedagogical knowledge, knowledge of learners 

and their characteristics, knowledge of educational context, knowledge of 

educational ends, purposes and values and their philosophical and historical grounds.  

 

In the following years, many researchers conducted research on PCK. In many of 

these studies, Shulmanôs idea of PCK was used as a framework. Magnusson et al., 

(1999) attributed the importance of it to its emphasis on the subject specific 

knowledge which has significant roles in teaching and learning science. In addition 
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to Shulmanôs model, other scholars used different models of PCK, which means that 

there is no consensus on the conceptualizing of PCK (Abell, 2007; Smith, 1999; van 

Driel et al., 1998). Although PCK literature has different models that have different 

components, there are two parts which are common for all scholars, namely, 

knowledge of representations of subject matter and knowledge of studentsô 

difficulties and conceptions (van Driel et al., 1998).  

 

Following the Shulmanôs idea, Tamir (1988) focused on subject matter, general 

pedagogical, and subject matter specific pedagogical knowledge in his idea of PCK. 

The researcherôs view of teacher knowledge was influenced by Shulmanôs view. In 

Tamirôs view, teacher knowledge has two basic components that were subject matter 

knowledge and pedagogical knowledge. However, pedagogical knowledge consisted 

of two subcategories that were general pedagogical and subject matter specific 

pedagogical knowledge which was indeed PCK. Subject matter specific pedagogical 

knowledge consisted of knowledge of studentsô understanding, curriculum, 

instructional strategy, and assessment. Knowledge and skills for assessment is 

Tamirôs (1988) contribution to the PCK models.  

 

Later, Grossman (1990) formed a teacher knowledge model with four main 

components, namely, SMK, general pedagogical knowledge, knowledge of context, 

and pedagogical content knowledge. Contrary to Shulman and Tamir, Grossman 

schematized the components and domains forming PCK rather than listing them 

(Figure, 1). Among the sub-components, óconceptions of purposes for teaching 

subject matterô were teachersô both knowledge and beliefs regarding to why they 

teach a particular topic in a particular grade level, which was an overarching 

component. The second sub-component of PCK was described as knowledge about 

learnersô prior knowledge and difficulties in a specific topic. Third, curricular 

knowledge included both vertical and horizontal curriculum knowledge for a topic, 

and materials provided in the curriculum for the topic.  The last sub-component 

comprised knowledge of representations and instructional strategies that are 

appropriate to use in a particular topic. Although Grossman formed a model includes 
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separate components, she stated that the division between them is not clear in 

practice.  

 

 

 

Figure 1. Grossmanôs model for teacher knowledge (1990, p. 5) 

  

Another PCK model was suggested by Marks (1990) in light of the data collected 

from eight elementary mathematics teachers through task-based interviews. In these 

interviews, participants were requested to plan a lesson, criticize a video-taped 

lesson, and determine the studentsô misconceptions and provide strategies to 

eliminating them in equivalence of fractions topic. Analysis of the data showed that 

teachersô knowledge was based on four different categories, namely, subject-matter, 

studentsô understanding, media for instruction, and instructional processes (Figure 2) 
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Figure 2. PCK structure suggested by Marks (1990, p.5)  

 

In the model, teachersô curriculum and assessment knowledge was put under 

instructional processes. Different than the other PCK models, Marks integrated 

knowledge of media for instruction to the model. Another difference is that PCK is 

not shown as a separate structure as in other models (e.g., Grossman, 1990), on the 

contrary, PCK is sum of these structures existing in the model (Figure 2). Yet 

another difference was that he did not use óbeliefsô in his study, rather he focused on 

only óknowledgeô. Marks (1990) also stressed the integration of components with 

each other, which makes it hard to structure PCK. Similar to Grossman (1990), 

Marks also explained the blurry line between components with some examples. For 

instance, if a teacher realized that the textbook s/he used lacked necessary 

representation for teaching a topic, this includes his/her knowledge of media, SMK, 

and knowledge how students learn. Although the relation between the components 

was represented with solid lines in the model, he stated the indistinct boundary 

between them in the paper.  
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Cochran et al., (1991) and Cochran, DeRuiter, and King (1993) extended Shulmanôs 

(1986) PCK idea in light of the Constructivist view of learning (Figure, 3). They 

preferred to use Pedagogical Content Knowing (PCKg) because knowledge reflected 

a static nature, which contradicted to PCKôs ever developing structure. The arrows in 

the model show the development of knowledge in time with experience. In PCKg 

model evolution of PK and SMK occurred in the light of the knowledge of learner 

and knowledge of context.  

 

 

 

Figure 3. Cochran et al.ôs (1993) PCK model         

     

Different from Shulmanôs (1986) PCK conceptualization, knowledge of curriculum, 

knowledge of educational goals and purposes, and knowledge of the content 

components were not thought as separate parts, rather, Cochran et al., examined 

knowledge of curriculum and educational goals and purposes components under PK 

in PCKg model. Moreover, the researchers criticized Shulman (1986) in terms of the 

PCK definition which was transformation of SMK into another form. In their model, 

they viewed PCKg as combination of four basic components, namely, knowledge of 

environmental context, knowledge of pedagogy, knowledge of students and 

knowledge of subject matter. ñétheoretically, the four components become so 

integrated and interrelated that they no longer can be considered separate 

knowledgesò (Cochran et al., 1991, p.12).  
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Different than the other scholars (e.g. Shulman, 1986; Tamir, 1988), Fernandez-

Balboa and Stiehl (1995) based their PCK study on the teaching practice. In other 

words, data were gathered from classroom context, which makes their PCK view 

stronger than others due to the dependence of PCK on teaching practice. They 

focused on the nature of PCK by studying college professorsô teaching. Another 

divergence that their study offers to the PCK literature was the focus on which they 

built their study. Rather than subject-specific PCK, they analyzed generic PCK for 

teaching different subjects. Data were collected through the interviews with 10 

professors teaching at different areas (e.g. music, nursing, etc). By the use of data 

collected, Fernandez-Balboa and Stiehl listed categories that form participantsô PCK. 

Similar to Shulman (1986; 1987) and Tamir (1988), Fernandez-Balboa and Stiehl 

(1995) did not suggest a PCK model showing the components, sub-components, and 

how they are related. Results indicated that knowledge of subject matter, learners, 

instructional strategies, teaching context, and own teaching purposes are basic 

constituents which structured PCK. If the ñknowledge about oneôs teaching purposes 

ñcomponent is related to recent literature, it is seen that it is examined under 

orientation towards science teaching component (Friedrichsen et al., 2011). 

Furthermore, in their PCK analysis, knowledge of assessment was not included. 

However, they stated that participant professors highlighted the implementation of 

assessment of both learnersô understanding and enthusiasm. They placed knowledge 

of assessment under knowledge of learner category.  

 

In addition to components forming PCK, they also paid attention how those 

components are related to each other. To be a successful teacher, the interplay among 

the components of PCK is essential. In other words, separate entities of components 

does not result in good teaching, therefore, PCK components should be employed 

simultaneously when it is necessary. In addition to that, the interplay existing 

between the components is not linear rather different integrations are possible for a 

specific situation. 

 

Another model of PCK was developed by Veal and MaKinster (1999). Researchers 

built up two taxonomies that were General Taxonomy of PCK and Taxonomy of PCK 
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Attributes for secondary teachersô knowledge base for teaching. They described PCK 

as making the content understandable to learners by the enactment of varying 

suitable instructional strategies. Veal and MaKinster likened teaching to translation 

of words from one language to other. Teacher is the translator and should know how 

to translate well (PCK) for people talking another language (learners) to understand 

the phrase (content).  Veal and MaKinster criticized the existing teacher preparation 

programs which did not relate content and pedagogy. The other point they underlined 

was the inadequate guide for existing PCK models for teacher education programs. 

Therefore, Veal and MaKinster developed two taxonomies for secondary teacher 

education. The researchers stated that although different models were developed by 

teacher education researchers, taxonomies including PCK components have not been 

developed. Moreover, they criticized the lack of PCK models representing the 

hierarchy between PCK components.   

 

The General Taxonomy of PCK (Figure-4) shows the specificity of the PCK levels. It 

demonstrates that teachers teaching science at secondary level develop PCK 

hierarchically.  At the very outside of the General Taxonomy of PCK development 

Pedagogy exits, which means pedagogy covers all others because all teachers have 

pedagogy independent from the content area such as wait time, feedback and 

evaluation. In the taxonomy, General PCK is between pedagogy and domain-specific 

PCK in terms of specificity. At this level, the focus is enactment of pedagogical 

knowledge for specific disciplines such as science, history or math. Teachers from 

different disciplines may use the same orientations in their class; however, the 

answers of why and how they use them may be different. Domain-specific PCK is 

related to different domains under a specific discipline such as physics or chemistry 

for science. Finally, topic-specific PCK is for different topics under a specific 

domain, for example, chemical equilibrium, acids and bases, etc. for chemistry. To 

have a solid topic-specific PCK, teachersô domain and subject-specific PCK and PK 

are supposed to be solid as well.  
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Figure 4. General taxonomy of PCK proposed by Veal and MaKinster (1999, p.7) 

 

For the taxonomy of PCK attributes (Figure 5 and 6), they used four levels that are 

content knowledge, knowledge of students, PCK attributes, and PCK. Similar to 

PCKôs nature, content knowledge may be general, domain-specific, or topic-specific. 

Knowledge of learner is another essential knowledge for developing a solid PCK. 

According to hierarchical structure of the taxonomy, content knowledge, knowledge 

of learner, and PCK attributes are prerequisite for development of PCK. However, 

the researchers stated that this does not indicate a linear development; on the 

contrary, they acknowledge the reciprocal relationship between them. It is interesting 

that although other parts of the taxonomy include hierarchy between knowledge 

types, this is not the case for PCK attributes. Moreover, they are interrelated and the 

development in one of them also influences development of others. PCK is at the 

center of the taxonomy, which shows its significance.  
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Figure 5. Birdôs eye view of taxonomy of PCK attributes (Veal & MaKinster, 1999, 

p.11) 

 

 

Figure 6. Side view of taxonomy of PCK attributes (Veal & MaKinster, 1999, p. 11) 

 

Yet another model for PCK was formed by Magnusson et al., (1999) who view PCK 

as a new type of knowledge formed by the conversion of other domains of 

knowledge. If we explain this with an analogy from chemistry, similar to a chemical 

process, reactants (e.g. SMK, PK, and KofC) react and product, PCK, with a 

different nature is formed.  Similar to Grossman, Magnusson et al.ôs model includes 
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four fundamental knowledge domains that are SMK, PK, knowledge of context and 

PCK (Figure 7).  Moreover, double arrows show the mutual influence of domains on 

each other. However, in their model, Magnusson and her friends added beliefs to 

knowledge because they thought that beliefs are also influential on teachersô 

teaching.  

 

 

 

Figure 7. Knowledge domains formed teacher knowledge and their relations 

(Magnusson et al., 1999, p. 98).  
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Magnusson et al., (1999) described five separate but related components of PCK 

(Figure, 8).  

 

 

 

Figure 8. Model of PCK showing the components of PCK for science teaching 

(Magnusson et al., 1999, p.99) 

 

In the model, PCK consists of five components which are orientations to science 

teaching, knowledge and beliefs about science curriculum, knowledge and beliefs 

about studentsô understanding of specifics science topics, knowledge and beliefs 
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about assessment in science and knowledge and beliefs about instructional strategies 

for teaching science. Inspired by Tamir (1988), Magnusson et al., (1999) added 

knowledge of assessment of scientific literacy to the model. Moreover, they renamed 

Grossmanôs ñconceptions of purposes for teaching subject matterò and called it 

ñorientation to science teachingò.   

 

Orientations to science teaching component of PCK is related to teachersô both 

knowledge and beliefs about goals of science teaching at a specific grade level. 

Orientation is a window through which teachers look at science teaching. According 

to Magnusson and her colleagues, orientations can be process, academic rigor, 

didactic, conceptual change, activity-driven, discovery, project-based science, 

inquiry, and guided inquiry. Although some of the orientations share similar 

characteristics, the rationale behind the instruction differentiates them. Borko and 

Putnam (as cited in Magnusson et al., 1999, p.97) likened orientation to science 

teaching to ñconceptual mapò which reflects teachersô decisions related to their 

teaching and studentsô learning such as use of instructional strategy, types of 

homework assigned or types of evaluation of learning. In other words, teachersô 

orientation to science teaching directs their planning, instruction, and evaluation.   

 

Knowledge and beliefs about science curriculum component of PCK includes 

mandated goals and objectives, and specific curricular programs and materials. 

Although Wilson, Shulman, and Richard (1987) view knowledge about science 

curriculum as a fundamental knowledge domain, Magnusson et al., (1999) consider it 

as a component of PCK. Similar to Grossmanôs (1990) description, knowledge of 

goals and objectives includes horizontal curriculum knowledge that is the relation of 

topics in the same grade and vertical curriculum knowledge that is relation of topics 

taught in different grades. The second component is related to teachersô knowledge 

about the curriculum that they use and the materials needed to teach science or a 

particular topic.  

 

Knowledge of studentsô understanding of science related to possessing information 

about the learners to assist them in learning science. There are two subcomponents of 
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this knowledge, namely, knowledge of requirements of learning and knowledge of 

areas that students have difficulties. The former includes knowledge about 

prerequisite skills which are necessary for learning a new topic. Moreover, teachersô 

knowledge of studentsô differences in terms of developmental and ability is under the 

former category. A successful teacher is one who knows learnersô individual 

differences and provides varying opportunities to learners with different needs. The 

latter is related to being aware of studentsô difficulties and their causes. Abstract 

nature of the topic, studentsô lack of effective  planning skills for problem solving, 

and misconceptions are the basic sources of the difficulties students encounter. In 

light of the research conducted on teachersô knowledge of studentsô difficulties, 

Magnusson et al., (1999) concluded teachers have good understanding of studentsô 

difficulties in learning specific topics, however, their knowledge for helping students 

to solve the learning difficulties is not rich, which indicates ñthe independence of the 

components of pedagogical content knowledge in that changes in teachersô 

knowledge of one component may not be accompanied by changes in other 

components that are also required for effective teachingò (p. 108).  

 

Knowledge of assessment in science was examined knowledge of assessment under 

two categories; namely, knowledge of dimensions of science learning to assess and 

knowledge of methods of assessment. Knowledge of dimensions of science learning 

to assess is knowledge about important aspects of studentsô learning which is worth 

to assess (e.g. knowledge, application, science process skills, etc.). The knowledge of 

methods of assessment is related to being aware of suitable assessment methods for 

assessing the particular aspect of learning (e.g. portfolio, paper-pencil test, poster 

presentation, etc.). Additionally, teachers should know strengths and weaknesses of 

particular assessment techniques.   

 

Knowledge of instructional strategies is  last component of Magnusson et al.ôs PCK 

model includes two sub-categories, namely, knowledge of subject specific strategies 

and knowledge of topic specific strategies (Figure 8). Although they are not distinct 

strategies, the difference is the extent of them. Subject-specific strategies are broader 
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than the topic-specific ones. The former is used for science teaching whereas the 

latter is for teaching a particular topic in science.  

 

Knowledge of subject specific strategies consists of general approaches (e.g. learning 

cycle, conceptual change, etc.) used in enactment of science instruction. Teachers 

should be aware of the description of the strategies and implement the strategies in 

an effective way. This category is much related with the other component of PCK 

which is orientations towards science teaching.  

 

Knowledge of topic-specific strategies consists of teachersô knowledge about 

appropriate strategies for particular science topics. Magnusson et al., (1999) 

examined this type of knowledge under two subcategories which are topic-specific 

representations and activities (Figure 8). Teachers should know when and how to use 

the representations which are analogies, models, illustration and examples, and how 

to create representations to help learners understand. Moreover, they should be aware 

of the advantages and disadvantages of using a particular representation. The latter 

subcategory includes knowledge of simulations, demonstration and experiments to 

help learners to construct science knowledge and understand relations between them.  

Magnusson et al., (1999) stressed the importance of viewing the PCK as a whole. In 

addition, they thought that relations between the components of PCK are very 

important. They said that for being an effective teacher, having a solid knowledge of 

one component is not adequate. Moreover, there is a multifaceted relation between 

the components of PCK, which makes focusing on the relation and its influence on 

teaching valuable to the PCK field.  

 

Finally, Park and Oliver (2008) developed a hexagon model which indicates that 

PCK is at the center due to its nature (Figure 9). Improvement observed in one of the 

components may trigger the development of other components and PCK as well. 

However, this does not mean that advancement in one component causes PCK 

development. On the contrary, the more concordance between the components is, the 

more progress in PCK is achieved. The five components of PCK that they mentioned 

are the same with those that was pointed out in Magnusson et al.ôs model. Similar to 
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Magnusson et al., (1999), they put orientations to teaching science to the top because 

they acknowledge the orientationôs influence on teachersô practice. For the 

knowledge of studentsô understanding in science, they added studentsô motivation 

and interest to knowledge that teachers should have. For the other components of 

PCK, they agree with Magnusson et al.ôs (1999) definition. Although they adopted 

the pentagonal model in light of the literature at the beginning of the study, the data 

indicated the existence of self-efficacy as a component of PCK.  

 

In light of Shulman (1986) and Baxter and Lederman (1999) work, Park and Oliver 

(2008) elaborated PCK at two levels; understanding and enactment. Understanding is 

teachersô awareness of difficulties of teaching a topic, learnersô misconceptions in a 

topic, and/or effectiveness of an instructional strategy used to teach a particular topic. 

Enactment is the performance of teachersô understanding of difficulties, 

misconceptions, and/or the strategies that are suitable to implement to teach a topic 

in real classroom context. Results indicated that self-efficacy activates teachers in 

realization of what they understand in class.  

 

In the model, reflection-in and reflection-on-action are put at the center because 

reflection is vital for development of PCK and assists teachers incorporate PCK 

components (Figure 9).  
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Figure 9. Hexagonal model of PCK developed by Park and Oliver (2008, p. 279) 

 

Park and Oliver (2008) developed this model with help of the study that they 

conducted with three experienced chemistry teachers working at the same high 

school. They observed teachers through three units, took field notes, conducted 

interviews, and took their lesson plans and studentsô products for data analysis. 

Results revealed that the development of PCK occurs through the teachersô 

reflection-in and reflection-on their knowledge. For example, two teachers had an 

unexpected event that was the shattering of zinc when students hit it. One of them 

used her PCK including her SMK, knowledge of curriculum, and knowledge of 

learner at that moment and reacted to the situation by asking students the reason of it. 

Then they talked about elements, compounds, the differences between them and 

oxidation of zinc, which is an example of knowledge-in-action which is generated in 

the case of unexpected events or results during teaching and by doing reflection-in-

action (Schºn, 1983, 1987, as cited in Park & Oliver, 2008). However, although the 

other teacher had the same experience in the lab, she did not do anything when zinc 
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was shattered. Rather, she decided to reorganize by providing metals in different 

shape for the next year, which is an example of knowledge-on-action produced by 

thinking on the practice after teaching. Another point that they got from the data was 

teachersô self-efficacy that is affective part of PCK. Although it was an unexpected 

result, data showed that the higher self-efficacy teachers have about their PCK, the 

more they use PCK in the class.  

 

They also interpreted that teachersô PCK is developed with learnersô influences; e.g. 

that can be a difficult question which is beyond the scope of teachersô SMK learnersô 

reactions to the instructional strategies used in the class, and their ideas that help 

teachers to find new and useful strategies for future classes. When a teacher is asked 

a difficult question, s/he researches for that, understands it and then explains it in a 

way that is understandable for learners, which helps teachers develop PCK. 

Moreover, teachersô observations about learnersô pleasure related to strategies, or 

activities used facilitate their PCK development because they change them if students 

do not like them. Additionally, studentsô suggestions or ideas about a phenomena or 

event in the class may provide a new idea to teacher for implementing in next year.  

Yet another point was that misconceptions that students have manipulate teachers 

plan, performing the plan and assessment. The more knowledge teachers have about 

studentsô misconceptions, the more sophisticated PCK they have.   

 

Finally, Park and Oliver (2008) realized idiosyncratic nature of PCK that can be 

explained with differences in teachersô orientations to science teaching, learnersô 

features, teachersô experience and teachersô characteristics.  

 

In PCK literature there are many models that have different view of PCK. Gess-

Newsome (1999) categorized PCK models and formed two main groups that are 

integrative and transformative PCK models (Figure 10). Integrative model indicates 

that PCK is knowledge formed by combination of SMK, PK, and knowledge of 

context. On the contrary, for the transformative model, PCK is special kind of 

knowledge formed by conversion of SMK, PK, and knowledge of context into a new 

type of knowledge. The former is like formation of solution which is physical. In 
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other words, the components of mixture still have their own properties. However, for 

the latter form of PCK, the formation is like formation of compounds, which is 

chemical reaction and results in a new type of substance.  According to Gess-

Newsome, whatever the nature of teacher knowledge, it is a valuable construct for 

research, practice, and teacher education programs.  

 

 

* = knowledge needed for classroom teaching (Gess-Newsome, 1999, p. 12) 

 

Figure 10. Integrative and transformative models of PCK  

 

The figure on the left represents integrative PCK which is a mixture of SMK, PK and 

contextual knowledge. In this type of PCK construction, PCK is not viewed as a 

separate knowledge domain. On the contrary, the figure on the right represents 

transformative PCK which means PCK is a new type of knowledge formed.  ñWhile 

knowledge bases containing subject matter, pedagogy, and contest exist, they are 

latent resources in and of themselves and are only useful when transformed into 

PCK.ò (Gess-Newsome, 1999, p. 12) 

 

Although many scholars have focused on nature of PCK construct, the definition of 

PCK is still not clear. Hashweh (2005), in a recent review of PCK literature, 

indicated the same point. Moreover, he mentioned the ignorance of teachersô beliefs 

from PCK models. Hashweh suggested to use ñteacher pedagogical 

constructionñ(TPC) instead of PCK. With help of the recent research about PCK and 

by reconsidering his own and Shulmanôs conceptualization of PCK, Hashweh 

provided seven characteristics of PCK, that are; 
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1. PCK is specific to teacher, 

2. PCK is formed through the formation of pedagogical constructions,  

3. With help of preparation for teaching, teaching experience, and post-teaching 

 periods, teachers develop pedagogical constructions, 

4. With the interaction of teacherôs knowledge types and beliefs, teachers form  

 pedagogical constructions, 

5. Pedagogical constructions are recollections accumulated through both occasions 

 in class and  narratives,  

6. Pedagogical constructions are formed for special topics, 

7. There should be links between these constructions and different knowledge 

 types that teachers have.  

 

Hashweh (2005) does not view conceptualization of PCK as a new type of 

knowledge and explained the idea with an analogy from chemistry; pedagogical 

constructions are molecules and PCK is a mixture consisting of different molecules, 

pedagogical constructions. However, he does not view PCK as a compound.   

 

2.1.1. Conclusions Drawn from PCK Models  

 

To sum up, first, different models include different components, sub-components, 

and relations between them, however; the common domains of teacher knowledge 

are SMK, PK, PCK, and knowledge of context for most of the PCK models. 

Additionally, there are two parts which all scholars reached a consensus regarding to 

their existence as PCK components, namely, knowledge of representations of subject 

matter and knowledge of studentsô difficulties and conceptions (van Driel et al., 

1998). Some of the models view PCK as a new type of knowledge (e.g. Magnusson 

et al., 1999), and a mixture of knowledge (Cochran et al., 1991; 1993).  Second, due 

to the missing pieces in PCK paradigm, although some scholars mentioned the 

interplay between PCK components, the field needs more research for clear 

understanding of how teachers use different components simultaneously in a 

harmony to make the topic easily understandable to learners. Third, PCK is a 

construct with components, which helps researchers to study PCK. However, the 
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boundary between them is not straightforward as it was drawn in PCK models (; 

Fernandez-Balboa & Stiehl, 1995; Grossmann, 1990; Marks, 1990). Fourth, PCK is 

not one or some components; rather, it has an integral nature. The integration of 

components in a synchronization results in PCK development (Fernandez-Balboa & 

Stiehl, 1995; Magnusson et al., 1999; Marks, 1990; Veal & MaKinster, 1999). 

Finally, in addition to cognitive components, PCK may include affective components 

for instance, beliefs (Hashweh, 2005; Magnusson et al., 1999) and self-efficacy (Park 

& Oliver, 2008). 

 

In the PCK literature, in addition to the theoretical papers digging into nature of 

PCK, lots of research studies have focused on teachersô PCK use in classroom. In the 

subsequent part, they will be reviewed.  

 

2.2. Research on Science Teachersô PCK 

 

Some studies in the literature were focused on teachersô topic-specific PCK, general 

science PCK, and some components of PCK rather than studying PCK as a whole. In 

this part, studies elaborating general science PCK and elaborating some components 

of PCK were reviewed.   

 

Orientation to science teaching is one of the PCK components that has been studied 

rarely (Abell, 2007). In order to catalog tertiary teachersô teaching conceptions, 

Samuelowicz and Bain (1992) collected data from six participants through semi-

structured interviews. Questions related to teaching, learning, and learning outcomes 

were asked to participant teachers. Results showed that teaching conceptions could 

be analyzed under five categories, namely; teaching as supporting student learning, 

teaching as an activity aimed at changing studentsô conceptions or understanding of 

the world, teaching as facilitating understanding, teaching as transmission of 

knowledge and attitudes to knowledge within the framework of an academic 

discipline, and teaching as imparting knowledge.   
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In the same study, to be able to identify teachersô conceptions of teaching, 

Samuelowicz and Bain (1992) defined five dimensions that were ñthe expected 

outcome of learning, the knowledge gained or constructed by a student, studentsô 

existing conceptions, directionality of teaching, and control of contentò (p. 102-103). 

Researchers concluded that teaching conceptions do not have a hierarchy rather those 

five conceptions are in order from student-centered to teacher-centered. Moreover, 

the conceptions of teaching that teachers held may be influenced by the context in 

which they teach (e.g. the audience of the course). Finally, researcher stated that 

teacher may have dual teaching conceptions which are ideal and working teaching 

conceptions. Although they may think that they have ideal conception of teaching, 

their actual practice may contradict with it. Different factors (e.g. loaded program of 

the course, or testing) may cause this situation.  

 

In another study related to orientation to science teaching, Friedrichsen and Dana 

(2003) pointed out a distinction between experienced and prospective teachersô 

orientations. Teachersô orientation to science teaching was provided by a card sorting 

process. The researchers preferred to ask additional questions such as in which 

condition they would or would not use the strategy mentioned in the card rather than 

giving details about the scenarios written in the cards. Experienced teachers needed 

more information about the context and focused on contextual information, however; 

information given in the cards was adequate for prospective teachers.  

 

Due to its pivotal position, orientation to science teaching deserves deep study on it 

(Friedrichsen & Dana, 2005). The researchers studied four highly-regarded biology 

teachersô orientations to science teaching and their sources. In the case study, they 

collected data in terms of card-sorting task, interviews with teachers and 

observations of participantsô teaching.  Results showed the complexity of the 

teachersô orientations. Furthermore, they found that teachersô science teaching 

orientations are specific to courses that they taught.  In the study, Friedrichsen and 

Dana used central and peripheral goals to show participantsô orientations, which 

also points to the sophisticated nature of orientations to science teaching.  Central 

goals were described as goals that direct teachersô teaching and decisions about 
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teaching practice whereas peripheral components are goals that have little control on 

teachers practice. In the study, participants have multiple central and peripheral 

goals. Another point discussed in the study was the relation between orientations and 

course levels. Teachers had different orientation for different course that they taught, 

additionally, the goals had different positions for different courses in terms of central 

and peripheral status. For the nature of the orientations, the composite structure of 

orientations includes affective, schooling, and subject-matter goals. For affective 

goals participants mentioned developing positive attitude toward science, self-

confidence, and having curiosity, which were important for participants. To prepare 

students for college and for life were schooling goals. Finally, teachers also had goals 

related to the content, however; they were neither fundamental nor the only goals for 

them. Related to orientations nature, the researchers also stated that they are not 

static so researchers can get teachersô orientations that are for the time data collected. 

Friedrichsen and Dana (2005) criticized the labeling teachersô orientations with just 

one orientation determined in the literature because it contradicts the multifaceted 

nature of the orientations. The same point was also indicated in Kªpylª, Heikkinen, 

and Asunta (2009) and Volkmann, Abell, and Zgagacz (2005).  

 

Different from Friedrichsen and Dana (2005), Volkmann et al., (2005) studied 

instructorsô, graduate teaching assistantôs (GTA) and pre-service teachersô 

experiences in an inquiry-based physics course in undergraduate  program. They 

focused on the three orientations that were didactic, discovery, and guided inquiry 

because they were used by the instructor, and GTA in the research. Field notes from 

the course, and meetings of instructor and GTA, interviews with instructor, GTA and 

students, and reflection of instructor and GTA were the data sources. To sum up, the 

instructorôs teaching was influenced by three orientations that were didactic 

orientation because of early experience in teaching, inquiry orientation as a 

university instructor, and discovery orientation due to changes made in inquiry in 

light of his ideas. The instructor indicated that orientation is resistant to change so it 

is hard to leave it. GTA of the course had a didactic orientation due to the influence 

of the education system that she had experienced as student, and the undergraduate 

program she graduated. She viewed science as a body of knowledge that should be 
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taught in a traditional way to students. According to students, they were taught with 

discovery orientation because the instructor wanted them to discover everything. 

Finally, the dissonance between instructorsô and GTAsô goals, and goals of guided 

inquiry may explain why they do not prefer to use inquiry in class.  Therefore, if 

teachers are supposed to use inquiry, the first thing that they need is support for 

modification in their teaching. Then, they should learn how people learn, which helps 

them recognize the importance of basic points in inquiry such as relations between 

students and teacher. 

 

Recently, Nargund-Joshi, Park-Rogers, and Akerson (2011) examined two Indian 

secondary teachersô orientation to science teaching. Researchers stressed that 

although orientation to science teaching component of PCK has been studied with 

teachers in western culture, there has been a gap regarding to teachersô orientation in 

Eastern cultures in PCK literature. In order to fill the gap, they focused on two Indian 

teachersô orientation to science teaching, its relation with their teaching practice, and 

how it is aligned with recent reform in Indian education system. In the case study, 

they collected data through interviews, observations, and documents of reform in 

India. Similar to Samuelowicz and Bain (1992), results showed that teachersô 

orientations that they explained and their practice in class had differences in terms of 

(a) what science is, (b) how science is taught, and (c) how science learning is 

assessed. Although they thought that science is creative and imaginative, they did not 

focus on them in their class. Laboratory activities did not include the role of 

creativity and/or imagination. Instead, they were used for the verification. Regarding 

to science teaching, they underlined the importance of learnersô actual experiences in 

science learning during the interview; however, their instructions were traditional, 

and based on content and textbook. Similarly, discrepancies were observed with their 

ideas about assessment and their assessment practices. Teachers stated that learnersô 

wrong answers do not make them uncomfortable because learners would need time 

to relate to what they learnt. However, in the class they looked for correct answers 

most probably because of high-stakes exams in India. The authors discussed that 

exam-based science teaching had a large impact on teachersô practices, which creates 

a large gap between their beliefs and actual practices. They thought that if reforms do 



36 

 

not take teachersô orientations toward science teaching into consideration, the 

achievement on rate of the reforms is most probably be low than expected rate. In 

addition to it, time necessary for grading, lack of materials in classes, classroom 

management, and teachersô concerns regarding to adequacy of their SMK were 

factors influencing their orientation. Finally, different from other studies summarized 

above, due to contextual factors such as college entrance exam, researchers 

suggested that cultural and contextual factors be part of studies on orientation to 

science teaching.  

 

Rather than focusing on specific PCK components, some researchers studied PCK as 

a whole. In order to fill a gap that is lack of teachersô PCK from teachersô view, Lee 

and Luft (2008) focused on five experienced science teachersô general PCK. The 

purpose of the study was to elicit experienced teachersô view about necessary 

knowledge for science teaching. The data were collected through interviews, 

classroom observations, lesson plans and monthly reflective summaries for more 

than two years. In the first interview, biographical data were gathered whereas in the 

second interview, which was conducted after teaching, teachers were asked about 

clarification of the teaching that was observed. Finally, at the last interview teachers 

constructed a diagram representing the components of PCK. To get teachersô view 

about what types of knowledge are necessary for teaching, card sort task was used. 

Teachers were provided types of knowledge and asked for relating them. SMK, 

knowledge of goals, students, of teaching, of curriculum organization, of assessment 

and resources were mentioned as knowledge that is important in teaching. All the 

teachers thought that SMK was the most important knowledge in teaching science 

whereas there were differences for other knowledge in rating.  Participants stated that 

their PCK developed with help of the experience in teaching and participating to 

workshops. Although they had consensus on the knowledge necessary for teaching 

science, their representations for general PCK were different in terms of grouping 

knowledge and their interactions. In addition to other types of knowledge, knowledge 

of resources were mentioned very much by participants, which necessitates further 

research whether it may be another component of PCK.  
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Different than the other studies, Lee, Brown, Luft, and Roehrig (2007) examined 24 

beginning teachersô PCK through induction year. They did not study all of the PCK 

components rather they focused on knowledge of learner and knowledge of 

instructional strategy of the participants who were enrolled to the different induction 

programs (e.g. e-mentoring and science-specific, etc.). Data were gathered through 

pre and post interviews, observations of participantsô teaching, and collecting 

documents related to teaching. Analysis of interview and observation data was 

carried out by using a rubric including three levels of participants óuse of knowledge 

of learner and instructional strategy. The levels were limited, basic, and proficient. 

Kruskal-Wallis test results showed that there was no significant difference between 

the teachers from the different induction programs in terms of PCK levels (H (4, 

24)= 2.89, p=.44). Descriptive statistics revealed that all of the participantsô PCK 

was either limited (76%) or basic level (%24) at the beginning of the school year 

whereas at the end of the school year, 65 % of the teachersô PCK was at limited 

level, 34 % of them was at basic  and only 1% of them was at the proficient level. 

Based on these, researchers concluded that beginning teachersô PCK is not adequate, 

which reflects weakness of pre-service teacher education programs in PCK 

development. Although participants had strong SMK, they could not use their SMK 

during teaching activities that were suitable for learnersô level and interests.  

 

In a recent study, Park, Jang, Chen, and Jung (2011) focused on seven biology 

teachersô PCK and their implementation of reforms in photosynthesis and heredity 

topics. In the correlation study, to assess participantsô PCK, PCK rubric developed 

by Park, Chen, and Jang (2008, as cited in Park et al., 2011) was used. In this rubric, 

only two components of PCK, namely, knowledge of instructional strategy and 

knowledge of learner are included. For implementation of reforms, The Reformed 

Teaching Observation Protocol (RTOP) developed by Sawada, Piburn, Turley, 

Falconer, Bloom, et al., (2000, as cited in Park et al., 2011) was utilized. In addition 

to data collected through PCK rubric and RTOP, observations of participantsô 

teaching, and pre and post interviews conducted with teachers were data sources as 

well. Results showed that there is a significant correlation between teachersô PCK 

and RTOP scores (r= .831, p< 0.01). In other words, the more robust PCK that 
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teachers have, the higher probability is for integrating reform-based teaching into 

teachersô practice. Additionally, all subscales of RTOP had positive and significant 

correlation with PCK. The highest correlation was observed between procedural 

knowledge subscale of RTOP and PCK scores (r=. 805, p<0.01), which means 

teachers with rich knowledge of science content have a tendency to pay more 

attention to reform-based teaching in their classes. Due to correlational nature of the 

study, no causal effect was concluded; however, the study was interesting regarding 

to be able to show the relation of teachersô PCK and their implementation of 

reformed-based teaching practice. Although PCK was not assessed totally rather two 

components were focused on, still the study provided beneficial result to PCK 

literature.  

 

To sum up, as the studies summarized above showed that teachers may have more 

than one goal to teach science, namely, central and peripheral for a specific grade. In 

addition to subject matter goals, teachersô goals can be also related to affective 

domain and schooling (Friedrichsen & Dana, 2005). Due to the fact that orientation 

is the chief component manipulating the others, to make a change in the orientation is 

challenging (Volkmann, et al., 2005). Additionally, teachersô perception of own 

orientation and their teaching practice may not be the equivalent possibly because of 

the loaded curriculum or the nation-wide exams (Nargund-Joshi, et al., 2011; 

Samuelowicz & Bain, 1992).  

 

In addition to pre-service and in-service teachersô PCK, some research studies also 

analyzed instructors and GTAs (Volkmann, et al., 2005), and beginning teachersô 

PCK through the induction year (Lee et al., 2007). Although extensive training was 

provided to beginning teachers, PCK development was not enormous. In other 

words, to yield progress in PCK, support offered to teachers should be long-running. 

Finally, teachersô PCK and their view about what constitutes PCK may be specific to 

teacher (Lee & Luft, 2008).  
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In the next part, research focusing on SMKôs influence on teachersô PCK and 

teaching was reviewed. As Shulman (1986) and other scholars pointed, SMK is 

essential for development of robust PCK.   

 

2.3. Research Elaborating SMKôs Influence on PCK and Teaching 

 

Some of the researchers studied the effect of SMK of teachers on their planning, and 

teaching. To investigate how SMK manipulates PCK and teaching, researchers 

compared and contrasted teachersô teaching in the area which they have certification 

and no certification. In some of the research, discourse in the class and quality of 

questions were also examined.  

 

Sanders, Borko, and Lockard (1993) studied three experienced secondary science 

teachersô planning, teaching and reflecting in two fields of science one of which was 

their major and the other was not. Their experience in their certified area was 

between three to eight years whereas experience in the uncertified area was one or 

two times.  For teaching of certified area, teachers stated that teaching experience 

was the basic source of their knowledge for teaching. With help of the experience, 

they all made revisions each year. Moreover, they had strong knowledge of learner 

and the classroom. Results indicated a discrepancy between teachersô planning and 

reflection, and their teaching in those areas. First, they stated that they were capable 

of changing the flow of the lesson in light of studentsô needs in the familiar one. 

Another point was the attention that teachers paid to the decision of use of 

instructional strategies in class. Although teachers had rich archive of activities and 

handouts, and a rich understanding of how to plan a lesson in their area of 

specialization, they were weak in planning for the topic that was out of their area of 

specialization. So, they lost lots of time on planning those classes and needed 

activities and help. Limitation in SMK caused difficulties in determining the key 

concepts, activities to use, how to teach, and what learning goals should be attained. 

For teaching the area of outside of certification, their PK was also weak. For 

example, they could not predict how long an activity would take. Therefore, they 

planned more activities than they needed for the case of failure or time left after 
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teaching planned activities. In terms of PCK, they felt inadequate especially about 

knowledge of learners. Similarly, they were unconfident in determining the teaching 

methods used for teaching the topic that they did not know very well. Although they 

decided everything about the teaching topic from their area as an expert, they were 

self-doubting when doing those in the area that was out of their specialization.  

 

Second, differences also occurred in their teaching. For instance, in the area that was 

out of specialization, they had difficulties in focusing on studentsô questions. They 

did not let students to talk much and used teacher-centered activities. Moreover, they 

tried to use the exact definitions of terms from the unfamiliar area. Interestingly, 

classroom management problems were also observed while teaching the topic out of 

specialization. In terms of PCK, although they were confident in flow of activities 

and the changes made during teaching in the certified area, they could not do these 

automatically in the other area. In reflection part, differences were also found. 

Although they focused on learnersô comprehension and discussed their understanding 

for different ability groups in the familiar area, teachers concentrated on their 

teaching procedures while reflecting the unfamiliar area.  

 

Finally, participant teachers had unique features when they taught out of area of 

specialized area. When they were compared to novice teachers, it can be said that 

their PK helped them a lot. Furthermore, experience in subject specific PCK made 

another difference between them and novice teachers. According to the researchers, 

when content knowledge is weak, PK took a major role in planning and enacting 

teaching till content knowledge is conceptualized by teachers.  

 

Similar to Sanders et al., (1993), Ingber (2009) compared and contrasted six science 

teachersô PCK in planning in and outside of their area of expertise. Particularly, 

participantsô planning, use of resources, and use of instructional strategies were 

studied. Data were gathered through survey and think aloud sessions while 

participants were planning. Results showed that teachers were better in terminology 

use in their area than outside of it during planning. They could relate more concepts 

in their area than they did outside of their expertise. Similarly, they were more 
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knowledgeable about the resources necessary for enriching SMK and teaching when 

they planned for a unit in the area of expertise than they did it for a unit outside of 

the expertise. However, there was no significant difference in their choice of 

instructional strategy in planning for all units. Ingber stated that instructional strategy 

use was teacher-specific rather than being topic-specific.  

 

In a yearlong study, Carlsen (1993) examined influence of SMK on teachersô 

discourse in class. The participants were four novice biology teachers. By employing 

card sorting task, they determined in which topics participants feel adequate. Both 

high and low- ranked subjects that participants indicated were observed. 

Additionally, interviews including questions to understand which interests, hobbies, 

and other experiences in professional development program might  support their 

SMK were carried out. The researchers observed each teacher for four hours two of 

which were for low-ranked subject and two for high-ranked one. Results showed that 

teachers had a tendency to ask low level questions when they were unfamiliar to the 

topic taught. Furthermore, they let learners more talk in class if they were 

knowledgeable about the topic. Another interesting result was the less knowledge 

teachers had about the topic, the more questions they asked to the learners. Despite 

these results, Carlsen concluded that the results did not tell that SMK effects 

classroom discourse due to differences in teachersô teaching activities in different 

topics and with different learners.   

 

Similar to Carlsen (1993), Newton and Newton (2001) studied how SMK influences 

elementary teachersô classroom discourse. Researchers observed 50 teachers working 

in 17 different schools by the use of observation schedule including recording 

instruction, teachers asking, teachers telling, and non-oral provision parts. In the 

study, they focused on how much time teachers devoted on questioning and telling. 

Results showed that participant teachers spent much time on descriptive/factual 

questions that could be put under low-level questions category. Additionally, some of 

the participants had science background and some of them did not. So, they run t-test 

to compare and contrast those two groupsô amount of oral discourse and amount of 

asking causal questions. Results showed that teachers with science background had 
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much more oral discourse than those without science background (t(48)=2.50, p= 

0.02, effect size= 0.73) and asked more casual questions during teaching (t(48)=2.24, 

p= 0.03, effect size= 0.65). In light of the results, researchers stated that content 

knowledge is not the only knowledge that a teacher should have, however, it is vital 

for fluent and effective teaching. Newton and Newton (2001) suggested that teachers 

should be informed about how to get necessary knowledge from reliable and valid 

sources, and how to use that piece of knowledge in their planning and teaching rather 

than loading all pieces of information to them.  

 

To examine the influence of SMK in teaching, Rollnick et al., (2008) studied with 

three experienced teachers two of whom were working in high school and the other 

was working in an access program that provides help students to be ready for 

university science courses.  In the high school context, they studied mole concept 

whereas researchers focused on the other teacherôs teaching in chemical equilibrium 

topic. The data were gathered by using CoRe, PaP-eRs, interviews before and after 

teaching, observation, and field notes. In the study, participants did not fill the 

COREs, however, researchers filled them with the information gathered from other 

data sources. In the first case study, both teachers started with the conceptual part of 

mole concept and they continued with the calculation part of the topic.  However, 

teachers did not stress the conceptual understanding of the mole concept. Rather, 

they focused on calculations because of the external exam system which includes 

algorithmic questions. Furthermore, neither of the teachers provided the relation 

between the conceptual and calculation part. Researchers stated that teachersô 

shallow understanding of the topic might make the relation difficult for teachers. In 

addition to that, interviews during which questions related to SMK were asked to 

participants, they realized that teachers had limited SMK in the mole concept. One of 

the participants acknowledged that her SMK in the topic was inadequate; however, 

the more she learned about the mole concept through her career, the more she 

focused on how to teach the topic effectively. The case study in the access program 

context, the participant had strong SMK in chemical equilibrium topic, deep 

understanding of curricular saliency which is related to sequence and relation of the 

topic in the curriculum, and rich knowledge of learners due to his experience in 
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teaching. The teacher could achieve the transformation of SMK to knowledge for 

teaching by amalgamation of knowledge of learner and context. In other words, 

results revealed the vital role of SMK for developing rich and deep PCK because 

teachers with limited PCK taught algorithms whereas teacher with strong PCK 

stressed the conceptual part of the topic and used different strategies in a flexible 

way such as ñextreme case reasoningò for Kc, equilibrium constant.  Finally, 

although the SMK of participants influenced their teaching, researchers took notice 

on the context in which teachers teach. So, they thought that only focusing on 

development of SMK is not a realistic idea, therefore, they also suggested to make 

the school and classroom context better. In my opinion, in addition to SMK, topic-

specific and context-specific nature of PCK may also explain the differences between 

studied cases.   

 

From the research studies mentioned in this section, we could reach several 

conclusions. For example, when teachersô SMK is weak, planning, using 

terminology, making changes in the flow, enacting learner-centered activities, and 

letting learners talk in the class are very demanding for teachers (Carlsen, 1993; 

Ingber, 2009; Sanders et al., 1993). Similarly, they had a tendency to ask low-level 

questions (Carlsen, 1993; Newton & Newton, 2001), and not to relate algorithmic 

and conceptual parts of the topics (Rollnick et al., 2008). However, robust SMK does 

not entail the solid PCK. Ingber (2009) observed teachers in different topics in which 

they had good and weak SMK. However, teachersô use of instructional strategies was 

the same for both topics, which contradicts to topic-specific nature of PCK.  

 

2.4. Research on In-service Science Teachersô Topic-specific PCK 

 

In this part, studies that specifically focused on in-service teachersô topic-specific 

PCK in science area were summarized. Many studies investigated pre-service science 

teachersô PCK and PCK development in the literature. Due to the fact that pre-

service teachers have little experience in real classroom context, their PCK is not 

robust (van Driel et al., 1998) Although teaching experience does not guarantee for 

rich PCK (Friedrichsen, Lankford, Brown, Pareja, Volkmann, & Abell, 2007) 
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research has showed that teaching experience is one of the important sources of PCK 

development (Grossman, 1990; Shulman, 1987). Therefore, studies only conducted 

with in-service teachers were summarized in this part.  

 

Berg and Brouwer (1991) examined 20 high school physics teachersô knowledge of 

studentsô misconceptions and knowledge of instructional strategies to eliminate them 

in rotational motion and gravity topic. The data were collected through the 

interviews. Results revealed that teachers were not aware of learnersô common 

misconceptions in rotational motion and gravity topic; moreover, they thought that 

most of the learners could answer the questions asked correctly. For example, only 

one of the 20 teachers was aware that students think that due to lack of air on the 

moon, there is no gravity there. Although it was a very widespread misconception, 

they did not mention it during interviews. When teachers were asked about the 

teaching strategies they used during teaching the topic, they stated that they 

employed expository, demonstration, analogies and questioning-discussion. Most of 

the teachers preferred to utilize expository teaching and analogies that are very brief. 

Additionally, discussion and questioning were used by less than 10 % of participant 

teachers.  Three of teachers stated that they would focus on misconception held by 

learners. Generally, teachers were oblivious of the conceptual change strategies to 

address them. Similarly, their suggestions for addressing   misconceptions also 

indicated that the instructional strategies implemented were not helpful for students 

to have conceptual change because they did not provide any dissatisfaction with the 

existing conceptions. Rather, teachers insisted on the scientifically accepted 

knowledge. The final point was that the unawareness of participant teachers about 

the research on learnersô conceptions.  

 

Although their focus was two student teachersô PCK on isotopes, Geddis et al., 

(1993) also provided an experienced chemistry teacherôs PCK on the topic. Both 

student teachers had faced with an unexpected difficulty when teaching isotopes. 

They only focused on the content delivered. They did not take into account that 

learners had prior knowledge about average concept; however, they did not know 

weighted average necessary for learning calculation of average atomic mass. 
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Therefore, students could not understand the topic meaningfully. On the contrary, the 

cooperating teacher with 20-year experience in teaching chemistry employed a 

strategy which aimed to introduce weighted average concept to the students. The 

researchers attributed the difference to teachersô level of curriculum saliency that is 

being knowledgeable about when the topics should be taught and how topics are 

related to each other (Rollnick et al., 2008) and to their choices in use of alternative 

representation of SMK. The student teachers preferred to use representations close to 

scientific one whereas experienced teacher preferred to use representations which 

could be understood easily by learners. They concluded that the point beginning 

teachers need is thinking pedagogically which necessitates considering about learners 

and context rather than simply focusing on how to deliver it. 

 

In some of the topic-specific PCK studies, researchers examined the changes in 

participantsô PCK throughout workshops. For instance, Clermont, Krajcik, and 

Borko (1993) focused on the influence of a two-week workshop about 

demonstrations on eight in-service teachersô PCK in density and air-pressure. Data 

were gathered by using clinical interviews before and after the workshop. The 

workshop included two basic parts that were theoretical and application part. After 

providing information about demonstrations, three different application parts which 

were demonstrations conducted by instructors, by participants to the group and by 

participants to middle school children were carried out. Result showed that although 

teachers could suggest only one demonstration, if any, before the workshop, they 

increased the number of effective demonstrations to three or four at the end of the 

workshop. Furthermore, they started to make modifications on provided 

demonstrations to make them more meaningful. Additionally, participantsô 

awareness about the relatedness of complexity of demonstration with studentsô 

learning increased. Another increase was observed in teachersô awareness about the 

benefit of inquiry use during demonstrations. However, there was no change in 

recognizing what teachers should do during demonstration. They concluded that 

teachersô PCK could be broadened by participating workshops. However, in some 

points no difference was observed, which was attributed to the complex nature of 

PCK construct.  
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Another study including in-service teachers was conducted by Magnusson, et al., 

(1994). It focused on teachersô SMK, knowledge of learner, and how teacher stress 

the difference between heat and temperature concepts in teaching. Data were 

gathered by using semi-structured interviews during which participants were asked to 

answer open-ended tasks used to measure teachersô knowledge of learner and 

problem solving tasks to measure their SMK. Results showed that some of the 

teachers had some misconceptions in heat energy and temperature topic. 

Additionally, although participants were generally aware of learnersô misconception 

in heat energy and temperature topic, they were weak in questioning why students 

think so. Finally, though the difference between heat energy and temperature is 

important point, teachers generally preferred not to stress the difference in their 

activities rather they focused on either heat energy or temperature separately.  

Similarly, Van Driel et al., (1998) examined the influence of a workshop on 12 in-

service chemistry teachers with more than five-year chemistry teaching experience. 

Specifically, the study focused on learnersô misconceptions and difficulties in 

chemical equilibrium topic and employing different strategies and techniques to help 

learners understand the topic. After the first part of the workshop during which they 

discussed possible misconceptions, difficulties of learnersô in chemical equilibrium, 

and how to remedy them, teachers taught the topic in their classes with help of the 

course plan provided by researchers. Then they came together and reflected on the 

participantsô experiences. Before teaching the topic in their classes, teachersô 

argumentations did not include learnersô view whereas after teaching, they focused 

on studentsô reasoning in learning dynamic nature of equilibrium. Moreover, they 

produced more analogies for the dynamic nature of equilibrium after the workshop to 

help learners understand the point. Additionally, teachers used molecular level to 

help learners understand the dynamic nature of equilibrium. Researchers concluded 

that the workshop was useful for teachers in enriching their knowledge of learner and 

knowledge of instructional strategies in chemical equilibrium.  

 

Similar to Clermont et al., (1993) and Van Driel et al (1998), to examine how 

teachers reflect the training about acid and base chemistry to their classes, Drechsler 

and van Driel (2008) studied with nine experienced teachers. Two years before the 
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study, they provided training about learnersô difficulties and use of models in acid-

base, and electrochemistry. Then, they focused on teachersô knowledge of studentsô 

difficulties in acid-base chemistry, whether they use models during teaching acid-

base topic, and how their satisfaction with teaching the topic has changed during 

their career. However, they did not observe the participantsô classes so whether the 

teachers really use them or not is unknown. Teachers stated three basic categories 

that were difficulties in calculations, in writing and meaning of reaction equations, 

and in understanding bases topic. Related to the use of models, six teachers used 

them whereas three of them did not use because they explained that using different 

models in this topic makes it more difficult for students to learn the topic. However, 

five teachers believed that students could understand the models used in acid-base or 

other topics of chemistry. For the changes in their teaching the topic, teachers 

modified the way of explaining the topic, algorithmic calculations used, and 

laboratory activities. The reason of these revisions were observing studentsô 

difficulties, sharing ideas with colleagues, research, and thinking critically about 

their teaching. For their satisfaction level, four categories that were completely 

increasing, completely decreasing, starting with a decrease then increasing, and 

starting with an increase then decreasing were determined. The reserachers stated 

that the differences in the level of satisfaction might be related to the support that 

teachers received from an expert of teaching and/or a reseracher in science teaching 

area. The more assistance teachers are given, the higher level of satisfaction teachers 

have. Finally, although participants were provided training on use of models, they 

stated that they need training how to use them in class.   

 

Different than the other studies reviewed in this part, Veal and Kubasko (2003) 

compared geology and biology teachersô teaching the common topic that is evolution 

in both areas. They tried to answer why and how geology and biology pre-service 

and in-service teachers differ in teaching evolution that was included by the both 

subjects. Data were gathered through classroom observations, field notes, interviews 

and informal conversation with participants. Results showed that while geology 

teachers tend to tell evolution by relating it to rocks and earth, biology teachers used 

animate and life. Moreover, when they compared pre-service and in-service teachers, 
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they stated that pre-service teachers had a tendency to teach evolution more 

traditionally than in-service teachers, which could be attributed to inadequate 

knowledge of learner and of activities for teaching the topic. 

In addition to high school chemistry and physics teachersô topic-specific PCK, 

undergraduate professorsô topic-specific PCK was also examined. Padilla, Ponce-de-

Le·n, Rembado, and Garritz (2008) studied with four experienced undergraduate 

professorsô PCK in the amount of substance topic. In the research they argued that 

the reason behind the difficulty in learning and teaching the topic may be related to 

paradigm that professors had. Therefore, the researchers tried to categorized 

professorsô view by using data collected with CoRe. To analyze the CoRe data, 

Conceptual profile Model developed by Mortimer (1995, as cited in Padilla et al., 

2008) was used. Five zones of conceptual profile, namely, perceptive/intuitive, 

empiricists, formalist, rationalist, and formal rationalist were described by the 

researchers. CoRe data were read and tried to be categorized. Then, they drew graphs 

showing how many times participantsô answers to CoRe were labelled with in five 

zones. They calculated percentage of times that professors thought was coherent with 

a particular zone. Results revealed that two of the participants were at the two 

extremes of the zones. One of them used equivalentist paradigm which stresses mass 

and volume while teaching amount of substance, which shows she was in the 

empiricist zone.  The other one had atomistic paradigm that focuses on sub-

microscopic level and counting them, which indicates that she was in the formal 

rationalist zone. Other two professors were between these two extremes, however, 

their teaching was not categorized as one of the zones because they did not have a 

particular paradigm rather they almost applied all of the strategies described under all 

of the zones. Finally, they suggested the use of CoRe and Conceptual profile model 

as a new way of analyzing teachersô PCK and ideas and ways of thinking related to 

the topics that they taught.  

 

Henze et al., (2008) studied nine experienced science teachersô PCK in óModels of 

the Solar System and the Universeô. Although teachers were experienced, they did 

not have much experience in implementation of the new science curriculum. They 

studied PCK development; however, they focused on knowledge about instructional 
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strategies, knowledge about studentsô understanding, knowledge about assessment of 

students; and knowledge about goals, and objectives of the topic in the curriculum. 

Semi-structured interviews were used to collect data. Interviews were conducted 

following three years. Data analysis showed that there were two types of PCK that 

participant teachers had. Type A focused on content of models whereas type B 

focused on the models and model development in science as well as model content. 

In type A PCK, knowledge of instructional strategy is at the center and is surrounded 

by other three components, namely, knowledge of studentsô understanding, 

assessment, and goals and objectives of the topic in the curriculum. There was a 

harmony between knowledge of goals and knowledge of instructional strategy. 

Additionally, learnersô difficulties and understanding of the topic informed 

knowledge of instructional strategy. Another relation was between knowledge of 

assessment and knowledge of learners. Data gathered from exam papers help 

teachers update their knowledge of students.  Finally, knowledge of instructional 

strategy and knowledge of assessment were also corresponding to each other. 

Teachers taught content of the model during instruction and assessed the content of it 

in the exam. Similar to type A PCK, there was a consistency between knowledge of 

goals and of instructional strategy in type B PCK. Specific to these types of PCK, the 

relation between knowledge of learner, of assessment and of instructional strategy 

was reciprocal. Both knowledge of instructional strategy and of assessment 

supported knowledge of learner. Similarly, development in knowledge of assessment 

was informed by both knowledge of instructional strategy and knowledge of learner. 

In both types of PCK, knowledge of goals did not change. Each type of PCK has its 

own development and interaction among the subcomponents. Authors argued that 

PCK development is influenced by PK and beliefs. The development of type A PCK 

may be explained by inadequate SMK and teachersô positivist view about the 

models. Correspondingly, adequate SMK, relativist and instrumentalist view of 

models can be attributed for development in type B PCK. Another remarkable result 

was that the amount of development in PCK components was not similar. For 

instance, although a substantial progress was noticed in instructional strategy, the 

progress of assessment strategies was little.  
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In her dissertation, Lankford (2010) elaborated six experienced biology teachersô 

PCK in diffusion and osmosis topic. Five of the participants had a constructivist 

orientation that underlines studentsô active role in learning and engagement with 

investigations to construct knowledge. However, one of them held a ñknowledge 

transmission orientationò, which made her use lectures and validation experiments in 

her teaching. When Lankford (2010) focused on the sources that influenced teachersô 

orientations, she realized that teachersô experience in teaching, interaction with 

colleague, participation in professional development activities were related to how to 

use student-driven research. Five teachers with constructivist orientation 

implemented  implicit 5E instructional model in teaching diffusion and osmosis. 

Additionally, all participants preferred to teach diffusion before teaching osmosis. In 

terms of representations used, all participants were careful about use of them from 

simple to complex. So, they started with cellular level and then went on more 

complex representations of organs of plants. Teachers diagnosed the difficulties that 

students may have in use of terminology used to explain diffusion and osmosis, 

visualization of the events at molecular level, and determining direction of water 

movement in osmosis. Teachers attributed the second and the third one to studentsô 

inadequate chemistry knowledge.  Four of the participantsô knowledge of learnersô 

difficulties informed their instructional decisions so they used animations showing 

diffusion and osmosis at molecular level. In terms of assessment, teachers had 

students tell their predictions before demonstrations and investigations, which 

formed a base for detecting studentsô prior knowledge. Moreover, taking learnersô 

idea provided fruitful information to teachers for designing teaching and determining 

what they have learned until a particular point. With help of the data gathered 

through these strategies, teachers decided to implement analogies and animations to 

help students understand diffusion and osmosis. Finally, regarding to curriculum 

knowledge, their goals were determined by state standards, however, at some points 

(e.g., random molecular motion) teachers provided more knowledge than necessary. 

Teachers also made horizontal connections to prior topics taught to teach the topic in 

a better way.    
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Different than the other studies summarized above, Friedrichsen et al., (2007) studied 

PCK in Alternative Certification Program (ACP). To gain insights regarding 

participantsô PCK for teaching genetic variations, data were collected through lesson 

preparation method and interview following the lesson preparation. Participants were 

two interns with no teaching experience and two science teachers with some 

experience in real classroom context. All PCK components were compared and 

contrasted between the two groups. Results showed that all participantsô orientation 

to science teaching was didactic that focuses on the transmission of knowledge from 

teacher to students. In terms of knowledge of learners, although participants stated 

that students may bring some prior knowledge regarding genetic variations to the 

class, they could not specify them. When asked the sources of their knowledge of 

learner, interns mentioned own experience whereas the teachers referenced teaching 

experience in class. Another difference was observed in their knowledge of studentsô 

difficulties in learning the topic. Interns thought that learners would not have any 

difficulty; however, teachers stated that abstract nature of the topic makes it difficult 

to learn. When they focused on the instructional strategy component, researchers 

realized that both groups had the same instructional sequence including teacher-led 

discussions, lecture, and practice what was learned. Teachers used small groups 

during practice time whereas interns did not. One of the disappointing results was 

related to knowledge of assessment component which was a missing part in both 

groupsô lesson plans. So, researchers asked directly how they assessed studentsô 

understanding. Interns stated that they would use summative assessment at the end 

while teachers preferred to do informal assessment during teaching. Regarding to 

how to use assessment results, both of them mentioned that they used it to see 

whether learners need re-explanation of the concepts. The major difference was 

observed in knowledge of curriculum. Interns almost lacked this type of knowledge 

and used textbooks as curriculum guide. On the contrary, teachers were 

knowledgeable about state and district standards. Finally, interplay between PCK 

components was focused. Internsô PCK lacked relation between components while 

teachersô PCK included interaction among the components to some extent.   
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To sum up the research studies in this section, topics have been studied are amount 

of substance (Padilla et al., 2008), rotational motion and gravity topic (Berg & 

Brouwer, 1991), isotopes (Geddis et al., 1993), heat and temperature (Magnusson et 

al., 1994), chemical equilibrium (Van Driel et al., 1998), density and air-pressure 

(Clermont et, al., 1993), acid-base chemistry (Drechsler & van Driel, 2008), and 

osmosis and diffusion (Lankford, 2010). These studies were conducted with 

undergraduate professors (Padilla et al., 2008), physics teachers, (Berg & Brouwer, 

1991), chemistry teachers (Geddis et al., 1993; Van Driel et al., 1998; Drechsler & 

van Driel, 2008), and middle school teachers (Magnusson, et al., 1994). 

 

Results showed that teachers may not be aware of learnersô misconceptions and 

difficulties (Berg & Brouwer, 1991). Furthermore, they may have some of them 

(Magnusson et al., 1994). Even if they know which misconceptions that learners 

have, they may not be able to use appropriate instructional strategies to eliminate 

them (Berg & Brouwer, 1991). Teachersô knowledge accusation about what makes 

the topic hard for learners and which pre-requisite knowledge necessary for learning 

a new topic seem to develop through experience, which is labeled as curricular 

saliency (Geddis et al., 1993). In light of these, to accelerate the PCK growth, 

workshops and PDs are useful for teachers to enrich repertoire of activities 

(Clermont et al., 1993), analogies (Van Driel et al., 1998). Finally, the development 

level of PCK components (e.g. knowledge of assessment) may be different for a 

specific topic (Henze et al., 2008). 

 

Research on teachersô PCK and topic-specific PCK also premises rich and valuable 

information regarding to how SMK influence teachersô PCK and how PCK 

components interplay. Although the results for interplays among the components and 

SMK-PCK relations were mentioned above when the studies focused on them, in 

order to make the conclusions about the interplay more obvious, in the next part, 

conclusions for interplays were presented. 
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2.4.1. Conclusions for Interplay among SMK, PCK, PK, and PCK Components 

 

In the literature many studies mentioned how SMK and PK influence PCK, and how 

PCK components influence each other. Grossman (1990) stated that PCK has five 

components but the division of them is not clear in practice. Marks (1990) also 

stressed the incorporation of components with each other, which makes it hard to 

structure PCK. Similar to Grossman (1990), Marks highlighted the blurry line 

between components.  In their model, Cochran et al., (1991) viewed PCKg as 

combination of knowledge of environmental context, knowledge of pedagogy, 

knowledge of students and knowledge of subject matter. ñétheoretically, the four 

components become so integrated and interrelated that they no longer can be 

considered separate knowledgesò (Cochran et al., 1991, p.12). Likewise, Magnusson 

et al., (1999) stressed the importance of viewing the PCK as a whole.  

In addition to components forming PCK, Fernandez-Balboa and Stiehl (1995) also 

paid attention how those components are related to each other. To be a successful 

teacher, the interplay among the components of PCK is essential. In other words, 

separate entities of components does not result in good teaching, therefore, PCK 

components should be employed simultaneously when it is necessary. In addition to 

that, the interplay existing between the components is not linear rather different 

integrations are possible for a specific situation. Similarly, Magnusson et al., (1999) 

thought that relations between the components of PCK are very important. They said 

that for being an effective teacher, having a solid knowledge of one component is not 

adequate. Moreover, there is a multifaceted relation between the components of 

PCK, which makes focusing on the relation and its influence on teaching valuable to 

the PCK field.  

 

In some of the studies scholars focused on how SMK influence teachersô practice. 

Sanders et al., (1993) examined three experienced secondary science teachersô 

planning, teaching and reflecting in two fields of science one of which was their 

major and the other was not. The richer SMK teachers have, the less time that 

teachers spent on planning. Moreover, it was more difficult for teachers to find out 

the key concepts, activities, how to teach, and what learning goals should be attained 
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in the area which they have less SMK. Similar to SMK, their PK was also deficient 

in the area of outside of certification. Teachers also felt inadequate especially about 

learnersô difficulties and misconceptions. Correspondingly, Carlsen (1993) studied 

teachersô teaching in familiar and unfamiliar topics.  The more teachers are 

knowledgeable about the topics, the higher level questions they asked and the more 

teachers let learners more talk in class. In a similar type of research, Ingber (2009) 

examined six science teachersô PCK in planning in and outside of their area of 

expertise. Results showed the stronger SMK teachers have, the better they use the 

terminology.  They could relate more concepts in their area than they did outside of 

their expertise. Similarly, they were more knowledgeable about the resources 

necessary for enriching SMK and teaching when they planned for a unit in the area 

of expertise than they did it for a unit outside of the expertise. In another comparison 

study Newton and Newton (2001) focused on how SMK influences elementary 

teachersô classroom discourse. Similar to Carlsen (1993), they also noticed that 

teachers spent much time on descriptive/factual questions that could be put under 

low-level questions category when they had inadequate SMK. Moreover, teachers 

with science background had much more oral discourse than those without science 

background (t(48)=2.50, p= 0.02, effect size= 0.73) and asked more casual questions 

during teaching (t(48)=2.24, p= 0.03, effect size= 0.65). In addition to that, Rollnick 

et al., (2008) studied with experienced teachersô teaching in mole concept. They 

stated that teachersô inadequate understanding of the topic might make the relation 

between calculations and conceptual parts of the topic difficult for teachers. On the 

contrary, when they have robust PCK for teaching a particular topic, teachers could 

achieve the transformation of SMK to knowledge for teaching by amalgamation of 

knowledge of learner and context. In other words, teachers with limited PCK taught 

algorithms whereas teacher with strong PCK stressed the conceptual part of the topic 

and used different strategies in a flexible way.  

 

In some of the research, the relation among PCK components was also studied. 

Padilla et al., (2008) indicated how instructors with different orientations to science 

teaching teach the same topic in different ways. For instance, one of the participants 

had atomistic paradigm that focuses on sub-microscopic level. His/her teaching was 
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based on the particulate level. Different than Padilla et al., (2008), Henze et al., 

(2008) dig into different types of PCK including different types of interactions of 

components. In type A PCK, there was synchronization between knowledge of goals 

and knowledge of instructional strategy. Namely, teachers focused on content so they 

used videos to help learners learn the content of the Solar system and universe. 

Another relation was between knowledge of assessment and knowledge of learners. 

Data gathered from exam papers help teachers update their knowledge of students.  

Finally, knowledge of instructional strategy and knowledge of assessment were also 

corresponding to each other. Teachers taught content of the model during instruction 

and assessed the content of it in the exam. Similar interplays were observed between 

knowledge of goals and of instructional strategy in type B PCK. The interplay 

between knowledge of learner, of assessment and of instructional strategy was 

reciprocal. Both knowledge of instructional strategy and of assessment informed 

teachers about the possible difficulties that learners may have. Furthermore, the more 

developed knowledge of instructional strategy and learner that teacher possess, the 

better assessment was done by teachers. Henze et al., (2008) stated that each type of 

PCK has its own development and interaction among the subcomponents. Finally, 

Friedrichsen et al., (2007) revealed that intern teachersô PCK lacked relation between 

components while teachersô PCK included interaction among the components to 

some extent.   

 

To sum up, SMK is essential for rich PCK, high-quality planning, asking higher-

level questions, allowing learners to contribute class, and focusing on learnersô 

difficulties. Moreover, robust SMK is necessary for making available the content to 

learners. In addition to knowledge domains (e.g. SMK), PCK components inform 

each other. The interplay among the components makes it possible to learn at which 

points learners may have problems and/or which strategies should be used to solve 

the difficulties. For instance, the knowledge gathered from exam papers enriches 

teachersô knowledge of learnersô possible misconceptions. Furthermore, the 

development of PCK may be different for different teachers with diverse orientations 

to science teaching. Additionally, different types of PCK may contain varying 

interplays among the components.  
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In the sections above, research studies in the international area were discussed. Now, 

PCK research conducted in Turkey context will be reviewed. Due to context-

depended nature of PCK, examination of Turkish PCK studies is important because 

they are supposed provide information about teachersô PCK in Turkey and how 

context influences teachersô PCK.     

 

2.5. PCK Studies in Turkey 

 

PCK has been an extensively studied construct in Turkey especially in the last years 

(Aydēn & Boz, 2012). In this part of the literature review, studies conducted in 

Turkey were gone over. Contrary to international studies, Turkish researchers carried 

out the research mostly with pre-service teachers. Therefore, different than the 

previous sections focusing on in-service teachers, literature about pre-service 

teachersô PCK had to be presented here. When studies done in Turkey were 

reviewed, I realized that these studies can be categorized into four groups, namely, 

studies focusing on some of PCK components, studies conducted in different 

contexts (e.g. professional development program or science teaching method course, 

etc.), studies elaborating PCK-SMK relation, and studies focusing on PK.  

 

In a pivotal study, Nakiboĵlu and Karako­ (2005) introduced PCK construct and 

provided important implications for teacher education programs. They criticized a 

point that in Turkey PK and SMK were seen as basic domains for teaching. 

However, PCK was not viewed as a knowledge domain that a teacher should have.  

With the influence of international literature, recently PCK has been an important 

aspect of teacher education in Turkey. Nakiboĵlu and Karako­ (2005) stressed the 

importance of teacher education programs in teachersô construction of PCK. 

Therefore, they highlighted that teacher education programs should be designed in a 

way that support teachers to develop rich PCK. Although those programs include 

science teaching method courses, the courses may not provide rich experiences to 

pre-service teachers to develop PCK. Therefore, content of the method courses 

should be enriched with different activities that provide a chance to mix content and 

pedagogy. Another important point that they mentioned was that at which points of 
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teacher education programs courses to build up PCK should be offered. In addition to 

pre-service teacher education, they drew attention to permanent in-service training. 

When they graduate, pre-service teachers do not have rich PCK, therefore, to support 

PCK development, in-service training was suggested.  

 

When I examined Turkish PCK studies, I realized that some of them focused on one 

or two components of PCK rather than examining PCK as a whole, focusing on 

SMK-PCK relations, and focusing on PCK development in PD or pre-service 

education. Therefore, it would be better to organize the review under sub-parts. In 

the next part, they will be provided. 

 

2.5.1. Studies Focusing on some of PCK Components.   

 

Boz and Boz (2008) studied pre-service teachersô knowledge of instructional strategy 

and sources of it. 22 pre-service chemistry teachers were provided a vignette with a 

teacher who would teach óparticulate nature of matter (PNM)ô after teaching ómatterô 

topic. Participants were asked how they would teach PNM, if they had been that 

teacher. In light of the participantsô answer to that question, researchers selected four 

of them who had different ideas for the case study. Those four pre-service teachers 

were requested to prepare a detailed lesson plan. Finally, they were interviewed with 

help of the lesson plan they prepared. Pre-service teachers favored the use of 

traditional teaching method, animations, and hands-on activities in the introduction 

of PNM. Two of them stated that they would implement animations and hands-on 

activities because they knew that learners had difficulty in understanding empty 

space between particles. In other words, knowledge of learner informed their choice 

for instructional strategy. In addition to that, PK notified them in terms of making the 

topic more concrete to learners and learners may have different learning styles, 

therefore, they preferred to implement a particular instructional strategy. Another 

source was participantsô beliefs about the instructional strategies. One of the 

participants stated that if s/he used animations, learners would not take him serious. 

Researchers concluded that similar to Shulmanôs (1986) amalgamation analogy, 
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participants mix different types of knowledge to make decisions for use of 

instructional strategy.  

 

Similarly, Uĸak (2009) studied six pre-service science and technology teachersô PCK 

in cell topic. Although it was not specified, the study is a qualitative case study for 

which data were collected by lesson plans, lab reports, interviews after teaching, and 

concept maps. Results showed that pre-service teachersô plans were not parallel with 

suggestions of Ministry of Education in terms of time spent on the cell topic. 

Additionally, all participants except one stated that they would use teacher-centered 

methods, cookbook-type laboratory activities, and traditional assessment strategies to 

gauge learnersô understanding. Only one of the participants planned to implement 

open-ended laboratory activity and alternative assessment strategies (e.g. 

performance evaluation).  

 

In another study, Aydēn, Boz, and Boz (2010) focused on factors influencing pre-

service chemistry teachersô choice of instructional strategy in óseparation of 

mixturesô topic. Data were gathered through lesson plans, observation of 

participantsô teaching in cooperative high school, and semi-structured interview after 

teaching. All of the six participants stressed the influence of mentor teacher in the 

high school in their choice. Even they had to abandon use of instructional strategy 

that they want to implement because of mentorôs restrain. Second, pre-service 

teachers mentioned the effect of the topic taught, which is parallel to PCK literature 

that stresses the topic-specific nature of PCK construct. Pedagogical knowledge was 

another factor that influenced their choice. Due to the fact that they want to make the 

topic more concrete and to attract learnersô attention, they implemented hands-on 

activities. Yet another aspect had an influence on them was class time which limited 

their use of student-centered methods. Participants also indicated SMK manipulated 

their choice. Participants with solid SMK were keen to use discussion and conceptual 

change strategy whereas those with deficient SMK were reluctant to use them due to 

possibility of extra questions that learners may ask. Finally, classroom management 

had an impact on them. Pre-service teachers implemented traditional method, teacher 

demonstration, discussion, and questioning strategies. However, participants, except 
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one, did not prefer to use learning cycle, inquiry, or conceptual change strategies 

which were taught in teaching methods course. Additionally, with the exception of 

two pre-service teachers, they were not aware of learnersô possible misconceptions 

and/or difficulties in the topic. To conclude, researchers stated that pre-service 

teachers had a difficulty in implementation of student-centered teaching strategies. 

Although they were in the last semester of the teacher education program, they were 

unwilling to use different teaching strategies to help learners construct the 

knowledge. Due to inadequate SMK, they had a preference for teacher-centered 

methods. Therefore, Aydēn et al. (2010) suggested that mentor selection be made 

more carefully for internship. They should be a good role model for preservice 

teachers in terms of implementation of alternative teaching methods. Moreover, 

similar to van Driel et al. (1998), workshops should be organized for pre-service 

teachers to enrich their PCK.  

 

Finally, Uĸak, ¥zden, and Eilks (2011) analyzed 30 pre-service elementary science 

teachersô PCK and SMK in chemical reactions unit. In this case study, knowledge of 

learner, instructional strategy, and assessment subcategories were studied. SMK was 

assessed by the use of multiple-choice test including the written part for the reason of 

participantsô answer. To assess PCK, by the use of interviews eight participantsô 

PCK was assessed. Similar to other studies conducted with pre-service teachers 

(Aydēn et al., 2009; ¥zdemir, 2006; ¢ekbaĸ, 2008), results indicated the pre-service 

teachersô inadequate SMK in chemical reactions unit. Pre-service teachers had big 

problems especially in understanding limiting agent and stoichiometry topics. Pre-

service teachersô explanations for the reasons of their answers showed that they did 

not have conceptual understanding of chemical reactions. In terms of PCK, first, they 

were not aware of learnersô difficulties in chemical reactions. Only one participant 

could provide learnersô possible difficulties and explain reason of them. Pre-service 

teachers stated that they generally would teach the unit through didactic teaching 

whereas one of them planned to use concept map to teach it. Similarly, only one 

participant planned to implement alternative assessment methods suggested in the 

curriculum whereas others would prefer traditional paper-pencil test including 

multiple-choice questions.  
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Research on pre- and in-service teachersô were studied in varying context (e.g. 

during PD activities, teaching experience course, etc.)  In the following sub-part, 

they would be provided.  

 

2.5.2. Studies Conducted in Different Contexts 

 

Tekin (2006) studied with 56 senior pre-service teachersô PCK in the context of 

science teaching method course. Through the semester, participants prepared lesson 

plans and taught them in the course. The researcher observed their teaching with the 

use of observation form including points related to instructional materials, 

instructional strategy, questions asked by pre-service teacher, and handling with 

studentsô needs. Moreover, participants were asked to write about the critical 

evaluation of their own teaching, the contribution of previous courses and science 

teaching method course on their teaching. Results showed that pre-service teachers 

were adequate in terms of SMK, however, they had difficulty in providing SMK that 

is suitable to studentsô level. Only 30 % of them could teach by relating the topic to 

other topics.  In terms of making students active, 14 % of pre-service teachers could 

achieve it. Regarding to questions asked during teaching, 36% of them were 

questions that help learners to inquire. Finally, pre-service teachers stated the 

positive influence of science teaching method course on their teaching development. 

Teaching and preparation for teaching, and observing peersô teaching helped them to 

develop high self-efficacy in teaching. So, Tekin (2006) suggested the integration of 

teaching part into science teaching method courses to develop PCK and high self-

efficacy in teaching. 

 

In another study, Aydēn, Demirdºĵen, Tarkēn, and Uzuntiryaki (2009) studied 

development of pre-service teachersô SMK and knowledge of learner, and knowledge 

of instructional strategy in the context of an elective course named ñHigh School 

Chemistry Curriculum Reviewò. In the case study, data were collected through pre-

and post administration of SMK test and reflection papers written at the beginning, 

during and at the end of the course. In the course, after introducing the concepts, 

researchers discussed the related concepts and daily-life events each week. 
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Regarding to PCK, high school studentsô possible misconceptions and difficulties 

related to the topic of the week, and how pre-service teachers can handle them were 

discussed. Moreover, researchers checked whether pre-service teachers have the 

similar misconceptions indicated in the literature each week. Finally, researchers 

started to topic of the week with a conceptual question, a daily-life event, or 

demonstration. Wilcoxon t- test results showed that post-test results were 

significantly higher than pre-test results (Z=-2.38, p < .018). Similar to high school 

students, pre-service teachers had some misconceptions and difficulties indicated in 

the related literature. For instance, they thought that particles of matter have the same 

properties that matter in the macroscopic level has. Lots of misconceptions detected 

in the literature were faced with in the pre-test. Although many of them were 

eliminated in the post-test, some of them were resistant to change. It was also 

interesting that pre-service teachers stated that they were aware of their own 

misconceptions in the reflection papers. Regarding to PCK, participants indicated the 

enrichment and awareness of their knowledge of studentsô misconceptions and 

difficulties. To eliminate misconceptions, pre-service teachers stated that they would 

use demonstrations and analogies whereas they did not think to use conceptual 

change and/or learning cycle. Finally, regarding to course, they indicated that it was 

so useful for them to experience how chemistry teaching can be done learner-

centered, conceptual, and activity-based. Therefore, the researchers suggested the 

integration of this type of courses to the teacher education programs.    

 

Similarly, Nakiboĵlu, Karako­, and de Jong (2010) analyzed nine pre-service 

chemistry teachersô PCK development in teaching experience course context. 

Participants prepared two lesson plans for two hours teaching of electrochemistry 

topic at the beginning and at the end of the course.  Nakiboĵlu et al., (2010) focused 

on two PCK components that were knowledge of learners and instructional strategy. 

In the first lesson plan, five of the participants planned to use student-centered 

instructional strategies (e.g. inquiry, learning-cycle, etc.). Other four participants 

preferred to use traditional, teacher-centered teaching. When prompted, the former 

group related to their choice to pedagogy courses whereas the latter related to 

observations of traditional teachers during internship. It was interesting that four of 
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the five pre-service teachers who planned learner-centered teaching at the beginning 

of the course, changed their plan at the end of the course and prepared a teacher-

centered one. When asked, they stated with help of the observations in cooperative 

high school, they realized that traditional teaching method was more effective than 

others so they preferred it. In terms of implementation of activities, four of five 

participants, learner-centered group, gave up to use them in the second lesson plan 

whereas in the second group, two of them planned to use teacher-centered activity in 

the second lesson plan. Activities planned to use were taken from textbooks. 

Similarly, participantsô use of representation decreased through the end of the course. 

Second, pre-service teachers were unaware of learnersô misconceptions related to the 

topic and sometimes they ignored them. Only one of the participants mentioned 

possible misconceptions in the second lesson plan due to a course that s/he was 

taking in that semester. It was unfortunate that pre-service teachersô experience in 

real classroom context could not inform them regarding to learnersô misconceptions 

through the semester. Researchers stated that teaching experience courses had a 

negative influence on pre-service teachersô implementation of instructional 

strategies, activities, and representations. Moreover, they stressed the disparity 

regarding to preference of instructional strategy by teacher preparation programs and 

high schools. Due to negative impact of mentors in cooperating high schools on pre-

service teachers, mentors should be trained about how to implement learner-centered 

strategies.  

 

Similar to Nakiboĵlu et al., (2010), Mēhladēz and Timur (2011) studied in the context 

of teaching practice course. The focus of the study was intern pre-service teachersô 

view of mentor teachersô SMK, PK, and PCK. The data were collected from ten pre-

service elementary science teachers by the use of focus group interview. Most of the 

participants thought that mentors were inadequate in terms of SMK. They also found 

themselves inadequate in terms of SMK. They stated that SMK is the pre-requisite 

for being an effective teacher. Regarding to PCK components, three participants 

indicated that the mentors with whom they observed implemented different 

instructional strategies. However, others stated that mentors taught in a didactic way 

and did not use technological devices and laboratory facilities. In terms of curriculum 
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knowledge, pre-service teachers provided that some of the mentors precisely 

followed a textbook and did not use any other activity. In addition to that, mentors 

did not follow the new curriculum; however, they focused on the topics asked in 

exams for entrance to high school, which had influence to their teaching as well. Due 

to exam style, multiple-choice test, teachers had a tendency to perform exercises as 

much as possible.  Mentors generally used traditional assessment strategies (e.g. 

tests) and just focused on grading. However, some of them had a chance to observe 

mentors implementing alternative assessment strategies and providing feedback 

about learnersô development. Finally, in terms of PK, participants stated that mentors 

were strict more than necessary, did not attract learnersô attention to the topic, and 

did not have eye-contact with learners.  

 

Different from the previous research, ¢oruhlu and ¢epni (2010) focused on six in-

service teachersô assessment knowledge in the context of in-service training. In this 

case study, data were collected through PCK achievement test, attitude scale, and 

semi-structured interviews with participants. The PCK achievement test including 

five open-ended and 13 multiple-choice questions was administered as pre and post-

test. Similar to PCK test, attitude toward in-service training scale was administered at 

the beginning and at the end of the training. Finally, during the semi-structured 

interviews conducted at the end of the training participants were asked about 

contribution of training and the effect of it on their attitude. Results showed that post-

test results of PCK test were statistically higher than those of pre-test results (z=2.20, 

p<.05). However, though participantsô attitude toward training increased during the 

course of training, the difference was not statistically significant (r=0.722, p>.05). In 

the interviews, participant teachers stated that they learned about alternative 

assessment strategies, especially they were trained both theoretically and practically 

about how to prepare rubric, about philosophy of the new curriculum, and about 

structure of the new curriculum. Finally, researchers stated that teachers had 

difficulties in implementation of alternative assessment techniques suggested by the 

new curriculum. Therefore, they have a tendency not to use them in their classrooms. 

Trainings providing implementation of those techniques both theoretically and 
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practically to teachers are hoped to increase teachersô use of alternative assessment 

techniques.  

 

In additions to studies focusing on some of PCK components, and conducted in 

different contexts, in Turkish PCK literature, some studies focused on PCK-SMK 

and PCK-PK relations.   

 

2.5.3. Studies Elaborating PCK-SMK Relation 

 

Uĸak (2005) studied four senior pre-service elementary science teachersô PCK and 

SMK in flowering plant topic. In the case study, data sources were audiotaped 

teaching practices, lesson plans, word association task, interviews, concept maps, and 

written documents. Pre-service teachersô SMK was assessed with open-ended 

questions. With help of the concepts maps, participantsô conception and curricular 

knowledge was examined. The conceptual network that participants had in their 

mind was studied with word association task. Moreover, each pre-service teacher 

was observed about three or four times. Finally, three semi-structured interviews 

regarding to nature of teaching, PCK, and SMK were conducted. Results showed 

that, in terms of SMK, senior pre-service teachers still had misconceptions about 

flowering plants. Moreover, they could not discriminate concepts from each other. 

One of the interesting points regarding to SMK was that although they could answer 

the questions in written format, they had difficulty in drawings and explaining on 

them. In other words, participantsô knowledge of representations sub-component was 

inadequate. Similarly, their knowledge of learner was deficient.  Moreover, even if 

they had some idea about learnersô difficulties and/or misconceptions, it was 

observed that they could not use them in their teaching. Regarding to curricular 

knowledge, they put different emphasis on different objectives in the curriculum. 

Additionally, some of the objectives were ignored. Pre-service teachers preferred to 

use analogies, models, and simulations in their teaching. They stated that they made 

learners active during teaching and made abstract points concrete; however, the 

researcher pointed that their teaching was not student-centered as they had indicated. 

Finally, pre-service teachers used traditional assessment techniques to assess 
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studentsô learning. Although it was not explained in the study, it was concluded that 

SMK-PCK relation was depend to the participants. When I examined the results, it 

seemed that the richer SMK pre-service teachers have, the better use of analogy in 

teaching the use in teaching flowering plants and the better focus on the objectives 

stated in the curriculum.   

 

In another study, ¥zden (2008) studied the relation between SMK and PCK of 28 

pre-service elementary science teachers. Data sources were SMK test, lesson-

preparation method, and interviews. Results showed that pre-service teachersô SMK 

was insufficient in óphases of matterô topic. They had difficulties in discriminating 

heat and temperature, factors influencing vapor pressure, and expansion with the 

effect of temperature. Regarding PCK components, 21 participants were aware of 

learnersô possible misconceptions and difficulties related to the topic. They thought 

that due to the fact that learners are unable to think at particulate level, they had 

difficulties in learning the topic. Regarding to instructional strategy, the most popular 

one was experiment. In addition to that, pre-service teachers planned to use drama, 

group work, and educational games. Researchers also examined participantsô 

teaching approach. Most of them had a constructivist approach whereas some of 

them had some aspects of both traditional and constructivist approach. Yet another 

point that ¥zden (2008) focused on was the difficulties that pre-service teaches had 

during lesson plan. He categorized those under four groups: (1) inadequate 

knowledge of learnersô difficulties, (2) Inadequate SMK, (3) unable to motivate 

students and to attract their attention, (4) classroom management. Finally, ¥zden 

(2008) also determined at which points pre-service teachers need support. 15 of the 

participants stated that they need support related to learnersô difficulties and 

implementation of instructional strategies. Six of them mentioned their need related 

to introduction of new Science and Technology program. Finally, three participants 

called for SMK support.  Although the researcher did not compare and contrast pre-

service teachersô PCK for high SMK and low SMK group, it was stated that in order 

to develop rich PCK, SMK is essential.  
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Similar to ¥zden (2008), the relation between SMK and PCK was examined by 

Cambazoĵlu, Demirelli, and Kavak (2010) in PNM topic. In this case study, pre-

service elementary science teachersô SMK was measured by the use of a test 

including questions related to PNM. Participants with different amount of SMK were 

selected in light of the SMK test results. Moreover, lesson plan, observation, and 

semi-structured interviews were used in order to gather data. Results showed that 

pre-service teachers neglected particlesô movement in different states of matter 

because they did not have enough SMK related to it. Researchers stated that although 

movement of the particles was included in the curriculum, pre-service teachers 

ignored the objective. In the chemical and physical change sub-topic, pre-service 

teachers knowing that matter loses its chemical properties in chemical change and 

new matter is formed stressed this point in their teaching. Moreover, they provided 

daily-life examples related to chemical and physical change to facilitate learnersô 

conceptualization. However, participants who thought that chemical change is related 

to inside of matter could not answer learnersô questions. So, they concluded that 

weak SMK made it difficult to teach for pre-service teachers to teach. Regarding to 

curriculum knowledge, participants generally did not have adequate knowledge of 

the objectives. Similarly, their instructional strategy repertoire was inadequate. They 

implemented traditional method, questioning, daily-life examples, and models to 

represent particles. Participants stated that they do not have enough knowledge to 

apply other instructional strategies. Correspondingly, they did not recognize learnersô 

misconceptions. Researchers stated that it might associate with limited SMK because 

at some points pre-service teachers had similar misconceptions. Another point related 

to knowledge of learners was that pre-service teachers tried to indicate learnersô 

misconceptions and difficulties with help of their own experience rather than that of 

related literature. Finally, pre-service teachers preferred to employ traditional 

assessment strategies. When prompted, they indicated that they did not have 

adequate amount knowledge to use alternative assessment strategies. Moreover, they 

said that they did not have any experience how to employ them during teacher 

education program. Cambazoĵlu et al., (2010) recommended that pre-service teacher 

education programs offer courses related to learnersô misconceptions and difficulties 
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to pre-service teachers. The possible reasons of them and how to eliminate them 

should be discussed in those courses.  

 

Different than the other studies, Kaya (2009) studied PCK and SMK relation and 

relationships among PCK components in quantitative study conducted with 216 pre-

service elementary science teachers. A survey including open-ended questions was 

used to measure participantsô SMK related to Ozone Layer Depletion. Participants 

were grouped under three groups, namely, appropriate, plausible, and naµve 

knowledge categories. From these three groups, 25 participants were selected 

randomly and were interviewed to measure their PCK. The data gathered both from 

interviews and the survey were graded with help of a rubric developed. In terms of 

SMK, more than half of the participants (126) had inadequate SMK. Only 20% of 

them had adequate SMK. In terms of PCK, 29 % of them were in the naµve group, 52 

% was in the plausible group, and only 20% of them were in the appropriate group. 

In terms of PCK components, the most problematic one was knowledge of 

assessment. Analysis showed that there was a strong positive correlation between 

SMK and PCK (r=0.77, p<.0001) Moreover, SMK had a positive and significant 

correlation with all PCK components. Finally, there were moderate correlations 

between PCK components. However, knowledge of assessment did not have any 

significant correlation with other components. Kaya (2009) also provided details 

about the PCK of three SMK groups. First, participants with adequate SMK 

generally had adequate knowledge of curriculum, instructional strategy, and learner. 

In others words, participants with solid SMK had a tendency to have rich PCK. 

However, pre-service teachers had inadequate knowledge of assessment. Only 16% 

of the participants had adequate knowledge of assessment. Second, participants with 

plausible SMK also had plausible knowledge of PCK components. Similar to first 

group, this group had problems with assessment. They stated that they would use 

traditional assessment strategies with grading purpose. Finally, in the third group, 

pre-service teachers had naµve SMK and PCK. MANOVA was carried out and 

results showed that there was a statistically significant difference between those three 

groups with different levels of SMK (F(10, 136) = 11.49, p < .001; Wilksô Lambda = 

0.29; ɖ
2
 = 0.46). Kaya (2009) discussed the possible reasons of problems that pre-
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service teachers faced with. He stated that experience that pre-service teachers had 

during teacher education program might influence them to think teaching and 

assessment as two separate aspects. Therefore, they were not able to use assessment 

to inform their teaching rather use it to grade. In addition to that, Kaya (2009) 

indicated that another possible reason may be inadequate stress of assessment in 

teacher education programs. It is tried to be taught through three-credit course. 

Therefore, he suggested courses in which different components of PCK are related to 

each other and pre-service teachers have a chance to apply those components 

altogether. Moreover, courses for SMK, PK, and PCK development are provided in 

different semesters through the program, which probably impedes PCK development 

of pre-service teachers. Therefore, it should be changed.  

 

In another study, ¥zdemir (2006) focused on pre-service teachersô SMK in ecology, 

ecosystem, and matter cycle. To analyze their SMK, ¥zdemir used SMK test 

including 20 questions. Participantsôô achievement was between 20 % and 93 %. The 

average was 62%. Results showed the inadequacy of pre-service teachersô SMK in 

those topics. The researcher discussed the possible reasons of the situation with the 

instructors of the related course. Instructors related the failure to pre-service 

teachersô lack of interest to the course. Another reason was that in the exam for 

teacher, questions are asked from pedagogical courses rather than from SMK 

courses. Therefore, pre-service teachers have a tendency to ignore SMK courses due 

to lack of questions from SMK courses in the exam. They just aim to pass the SMK 

courses whereas they focused on PK courses.  

 

Similar to ¥zdemir (2006), ¢ekbaĸ (2008) studied pre-service teachersô SMK in 

basic physics topics (force, kinematic, Newton Laws, momentum, sound, 

electrostatic, magnetism, etc.). By the use of random sampling, researchers selected 

227 pre-service teachers from population of 557 per-service teachers. The 

participants were at different levels of the teacher education program from freshmen 

to senior. The SMK test consisting of open-ended and multiple choice-questions was 

administered. Results showed that participantsô achievement in the test decreased 

from freshmen to senior. In other words, mean of the seniors and juniorsô means 
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scores were much lower than those of freshmen and sophomores. In terms of high 

school graduation, the mean difference among pre-service teachers graduating from 

different high schools was very high at the freshmen year however; the difference 

was decreasing through senior year. Additionally, there was no significant difference 

between male and female pre-service teachersô achievement in the test. The 

researcher attributed the decrease in the achievement to not remembering them. Due 

to the fact they did not learn conceptually, the researcher stated that the results were 

quite expectable. In addition to that, the researcher also indicated the crowded classes 

and loaded curriculum of the program were also possible reasons of the situation.  

 

2.5.4. Studies Focusing on PK 

 

Another quantitative study was carried out by Kēlēn­ and Salman (2009). They 

studied the SMK and PK development of 22 pre-service Biology teachers. Data were 

collected by the use of SMK test administered at the end of 7
th
 and 10

th
 semesters 

and PK test administered simultaneously with SMK test. Both tests included 30 

multiple choice items. Researchers analyzed whether there was a statistically 

significant correlation between PK and SMK by the use of SMK and PK post test 

results. Results showed that there was no significant correlation between them 

(r=0.165, p<0.05).  In terms of PK development, t-test results showed that post-test 

results were higher (M=15.82, SD= 2.75) than pre-test ones (M=12.23, SD=2,02) 

and the difference was significant (t(21)= -4,989, p=0.00). Similar to PK, pre-service 

teachersô SMK post-test mean score was significantly higher (M=15,54, SD=4,74)  

than pre-test mean score (M= 13, 64, SD=3,64) (t(21)=-3,630, p=0.002). Although 

both SMK and PK testsô post-test results were higher than pre-test results, when 

examined in detail, results showed that participantsô both SMK and PK were low. 

They could answer about half of the questions asked in the tests. Kēlēn­ and Salman 

(2009) aimed to examine pre-service teacher education program in Turkey. They 

tried to explain the increasing means of PK and SMK tests results with possible 

reasons such as taking science teaching method courses and participantsô experience 

as a tutor. However, other factors may explain the results gathered, for instance, 

preparation for the exam to be a teacher in public schools. The researchers did not 
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take pre-service teachersô and/or instructorsô idea related to their experience in that 

program. In other words, external factors may contribute the results. Another point 

that is very important about the study was that although Kēlēn­ and Salman (2009) 

studied PK and SMK, they stated that they focused on PCK and SMK. PK is general 

knowledge that is necessary for all teachers (e.g. classroom management) whereas 

PCK is specific to a field and /or a topic (e.g. studentsô difficulty in visualization of 

atomic models). In the study, although they used questions assessing PK, they 

viewed them as PCK test and PCK items.  

 

Another construct correlated with PK was pre-service teachersô belief about teaching 

(Oskay, Erdem, & Yēlmaz, 2009).  Although they stated that they studied PCK, as in 

Kēlēn­ and Salman (2009), Oskay et al., (2009) studied PK indeed. Teacher belief 

about teaching scale developed by Yēlmaz-T¿z¿n (2008) and a PK test formed by the 

researchers from the previous questions asked in preparation exam to be a teacher in 

public schools. In the PK test, 30 multiple-choice items were related to teaching 

methods, assessment techniques, and classroom management. 73 % of the 

participants believed that they could implement inquiry in their class. The percentage 

was 59 and 44 for implementation of problem-based learning and conceptual change, 

respectively. However, only 11 % of the participants believed that they could use 

learning cycle. In terms of assessment, 62% of them stated that they would use tests 

to assess studentsô learning whereas 59% of them would use projects to assess. 

Regarding to classroom management, 63 % pre-service teachers stated that they 

could manage the problems occurring during group activities; however, only 36 % of 

them thought that they could solve the problems of handicapped students.  The 

analysis of PK test, results showed that participants had problems in answering 

questions related to demonstration, discovery learning, portfolio, formative 

assessment, classroom testing, and classroom environment control.  Finally, results 

showed that there was no significant correlation between PK and teachersô beliefs 

about teaching. Additionally there was no significant difference between femaleôs 

and maleôs beliefs about teaching. 
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PCK has been studied since 1986 by many scholars. As a construct, it has some 

complexities that make studying on PCK tricky for researchers. Following part 

included which types of difficulties have been faced with by the researchers in the 

PCK literature.  

 

2.6. Difficulties of Studying PCK 

 

While reviewing the PCK literature, I realized that many researchers also mentioned 

how difficult to uncover teachersó PCK and some of the possible reasons of them. To 

make aware researchers who want to study PCK, and to give an idea about why and 

how hard to investigate it, I decided to mention them as well. However, it does not 

mean that PCK should not be studied. On the contrary, it should be focused on 

deeply and consciously. If researchers are aware of the intricacies, they can take 

cautions to handle with them.  

 

Uncovering PCK is not as easy as it seems to be (Avraamidou & Zembal-Saul, 2005; 

Berry, Loughran, & van Driel, 2008; Park & Oliver, 2008). However, due to its 

difficulty, it has become more of an issue than ever (Berry et al., 2008). Avraamidou 

and Zembal-Saul (2005) attributed difficulties related to studying PCK to the nature 

of construct and measuring it. PCK has different components which have indistinct 

boundaries (Gess-Newsome, 1999; Loughran et al., 2004; Magnusson et al., 1999). 

Although separating the components of PCK in the models helps a lot in theory, 

during data analysis part, it is not that much easy to detect which part belongs to 

which components (Grossman, 1990; van Driel, Veal, & Janssen, 2001). Another 

difficulty is related to the time for necessary to capture PCK which necessitated 

much more than one hour (Loughran et al., 2004). To get teachersô PCK, much time 

should be spent with teachers. Furthermore, the lack of the sharing language between 

teachers and researchers makes the situation harder (Loughran et al., 2000). Teachers 

do not reason about their practice and knowledge because they focus on learnersô 

scores and covering the curriculum (Loughran, Milroy, Berry, Gunstone, &Mulhall, 

2001). Moreover, teachersô knowledge is implicit (Baxter & Lederman, 1999) 

because they lack reasoning tradition about why they implement specific activities or 
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why they teach in a particular way. So, when teachers are asked about their teaching, 

they tell the reasons in their own language rather than citing PCK (Korthagen & 

Kessels, 1999). To illustrate, in the longitudinal project, Loughran et al., (2004) 

realized that participant teachers could not explain why they taught in a particular 

way by relating their teaching the studentsô learning. 

 

2.7. Summary of the L iterature Review 

 

In light of the studies reviewed in this part, there were different models explaining 

PCK (Cochran et al., 1993; Grossman, 1990; Magnusson et al., 1999; Veal & 

MaKinster, 1999). Although there are some differences in terms of components, 

knowledge of learner and knowledge of representations of subject matter are 

commonly included by the PCK models.  

 

Literature indicated that PCK is a topic-specific construct which is developed 

through experience in teaching (Abell, 2007; Grossman, 1990; van Driel, et al., 

1998). Moreover, SMK is a must for solid PCK (Abell, 2007; van Driel et al,. 1998). 

Teaching experience is an essential source of teachersô PCK (Grossman, 1990; 

Shulman, 1987; van Driel et al,. 1998). However, experience may not always give 

rise to enhancement in PCK (Friedrichsen et al., 2007). When it is the case, 

workshops and professional development activities should be provided to teachers 

(Clermont., et al. 1993; Magnusson et al., 1994; Van Driel et al., 1998). Additionally, 

PCK should be viewed as whole rather than separate components. The reciprocal 

interaction of the components is an indication of robust PCK (Fernandez-Balboa & 

Stiehl, 1995; Magnusson et al., 1999; Marks, 1990; Veal & MaKinster, 1999). Due to 

the simultaneous use of different components, the line between components is not 

clear-cut (Grossmann, 1990; Marks, 1990; Fernandez-Balboa & Stiehl, 1995). 

Among the components, orientation to science teaching is the chief that manipulates 

the others (Grossman, 1990; Magnusson et al., 1999). Due to the fact that it forms the 

base for teaching, it is resistant to change (Volkmann et al., 2005). Finally, in 

addition to knowledge types those teachers have, teachersô self-efficacy, 

metacognition, attitude towards teaching may supply appealing information about 
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PCK; moreover, they may be the key to open the locked door of teachersô practical 

knowledge, PCK (Park & Oliver, 2008).  

 

In terms of Turkey, researchers should conduct more study with in-service teachers, 

in different context (e.g. PDs, workshops, etc.). Moreover, studies should focus on 

PCK as a whole rather than examining one or two PCK components. Studies that will 

be conducted during curriculum reforms, orientation towards science teaching and its 

influence on other components, development of PCK through years, and finally, 

studies with induction year, the first year of teaching, seem to promise rich 

information to Turkish literature.  

 

Due to the fact that there are different PCK models in the literature, the researcher 

have to select one or to form a hybrid model at the beginning of the study. Therefore, 

in the next sub-section, PCK conceptualization of the study was summarized.  

 

2.8. PCK Conceptualization in this Research 

 

In the conceptualization of the research, Magnusson et al.,ôs transformative PCK 

model was adopted with help of the literature (Abell, 2007; Grossman, 1990; 

Magnusson et al., 1999) and the data collected. Although Magnusson et al., (1999) 

mentioned both knowledge and belief in their PCK model, as stated in the 

introduction part, only knowledge was focused on in this study. Moreover, I think 

that PCK is a new type of knowledge used during planning, enacting, and assessing. 

It is not a mixture of other knowledge. When trying to teach a topic to learners, a 

teacher reshapes and reorganizes SMK, PK, and other knowledge types, which 

makes them a new form of knowledge that is PCK. My experience with pre-service 

chemistry teachers showed me that although pre-service teachers have some SMK, 

PK, and other types of knowledge, they have difficulties during teaching because 

they cannot transform those into PCK, which is the reason why I decided to study 

with experienced teachers.  
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PCK model used in this study is modified version of Magnusson et al.ôs model 

(Figure 11). As literature has said, although the boundaries between components are 

not clear, still having components in mind helped me prepare the instruments, 

collect, and analyze the data. In Magnusson et al.ôs model, the PCK components 

have some sub-components. In this study, some more sub-components were added 

by following the other studiesô suggestions. In figure 11, the sub-components written 

with larger fonts in red are added to the existent model. For instance, in Magnusson 

and her colleaguesô model, knowledge of curriculum has two sub-components, 

namely, knowledge of goals and purposes, and knowledge of specific science 

curricula. In addition to those, knowledge about horizontal and vertical relations 

between the topics was added to curriculum component. The data collected informed 

me about the other sub-components, namely, horizontal and vertical relations to the 

other topics in the same discipline, and altering the sequence of the sub-topics in the 

curriculum. After realizing the additional sub-components, literature was checked 

whether any scholar mentioned them. Grossman (1990) mentioned the horizontal and 

vertical relations under knowledge of curriculum. Moreover, Friedrichsen et al., 

(2007) called the last sub-component as óaltering the curriculumô. Furthermore, 

purpose of assessment was inserted to knowledge of assessment component. How to 

assess and what to assess sub-components were completed with the purpose of 

assessment ówhy to assessô. In making this change, Friedrichsen et al., (2007) 

informed this research. Yet another modification was done in orientation component 

with help of Friedrichsen and Dana (2005), and Friedrichsen et al., (2011). In these 

studies, they stated that teachers may have more than one orientation; moreover, they 

focused on the central and peripheral goals of teachersô for teaching science at a 

specific grade. To sum up, as Lannin, Abell, Arbough, Chval, Friedrichsen, and 

Volkmann (2008) stated that PCK is more complicated than shown in Magnusson et 

al.ós (1999) model.  
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Figure 11. PCK conceptualization of the study: Modification of Magnusson et al.,ôs 

PCK model 
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CHAPTER 3 

 

 

METHODOLOGY  

 

 

 

Although it has been more than 20 years after Shulmanôs introducing PCK to the 

literature, we have known little about PCKôs nature and how its components 

interplay. Therefore, in order to be able to use PCK as a framework for examining 

teachersô knowledge, it is necessary to focus on PCKôs nature and interplay among 

its components (Abell, 2008; Fern§ndez-Balboa & Stiehl, 1995; Friedrichsen, et al., 

2011).  To fill the gap in the PCK literature, experienced teachersô PCK was 

examined qualitatively to get deep insight of topic-specific nature of PCK and 

interaction of PCK components.  

 

3.1. Overarching Research Question 

 

How is experienced high school chemistry teachersô PCK different and/or similar for 

teaching different topics within the same discipline? 

 

3.1.1. Sub- Research Questions 

 

1. What is the nature of experienced chemistry teachersô PCK for teaching 

electrochemistry and radioactivity topics?  

a. What is the nature of experienced chemistry teachersô knowledge of learner 

for teaching electrochemistry and radioactivity topics?  

b. What is the nature of experienced chemistry teachersô knowledge of 

instructional strategy for teaching electrochemistry and radioactivity topics?  

c. What is the nature of experienced chemistry teachersô knowledge of 

curriculum for teaching electrochemistry and radioactivity topics?  
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d. What is the nature of experienced chemistry teachersô knowledge of 

assessment for teaching electrochemistry and radioactivity topics? 

2. How do PCK components interplay for teaching electrochemistry topic? 

 

Because qualitative research has a power of providing detailed understanding of the 

phenomenon studied, qualitative inquiry was implemented in the study that seeks a 

closer look at teachersô PCK in different topics. All research processes that were 

sampling, data collection, data analysis, and interpretation of the data were guided by 

the nature of the qualitative inquiry. In this chapter, the method of inquiry was 

explained in detail. Moreover, information related to the participants, context, data 

collection process, data analysis, trustworthiness, and ethical issues were provided.  

 

3.2. Research Design 

 

Researchers sometimes desire to answer how questions rather than why questions or 

ñto what extentò questions (Frankel & Wallen, 2006). At this point, qualitative 

research designs provide opportunity to explore and get insights about the 

phenomenon focused (Corbin & Strauss, 2008). In order to learn how experienced 

chemistry teachersô PCK is different for teaching different topics and how PCK 

components interplay during teaching electrochemistry, this qualitative research was 

conducted. Qualitative research ñis a broad approach to the study of social 

phenomena. Its various genres are naturalistic, interpretative, and increasingly 

critical, and they draw on multiple methods of inquiryò (Marshall & Rossman, 2006, 

p.2).  

 

Qualitative researchers gather data in the natural settings because data collected 

become more valuable in its ordinary context (Bogdan & Biklen, 1998; Marshall & 

Patton, 2002; Rossman, 2006). Furthermore, data including transcribes, documents, 

field notes, videotapes and photographs are descriptive in nature. It necessitates 

design flexibility which is related to the open-ended temperament of it as well 

(Patton, 2002). Another characteristic of the qualitative research is the focus of study. 

Not only the product but also the process is concern of this type of inquiry. 
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Additionally, vital attribute of the qualitative research is the use of purposeful 

sampling (Patton, 2002).  

 

Due to the purpose of the study and types of the answers to the research questions 

asked, qualitative research design was suitable for the study. It is also parallel to the 

research in the related literature that are generally qualitative in nature (e.g. 

Avraamidou & Zembal-Saul, 2005; 2010; Clermont, et al., 1993; Clermont, Borko, 

& Krajcik, 1994; Drechsler & van Driel, 2008; Loughran, et al., 2004; van Driel, et 

al., 1998).  

 

3.3. Case Study 

 

Qualitative research is an umbrella term including many different methodologies 

such as ethnography, grounded theory, anthropology and case study (Bogdan & 

Biklen, 1998). Specifically, this study is a case study which provides comprehensive 

information related to an event, a subject or a setting (Merriam, 1998). Case studies 

are like a funnel which has a wide starting point whereas its end point is narrow. 

They start with detailed depiction of the cases and context, and then become specific 

regarding to data collected and analysis done (Bogdan & Biklen, 1998). Due to the 

fact that the purpose of the study to get deeper understanding nature of PCK and the 

interplays among the components, case study was appropriate to conduct.  

 

In this study, the case can be described as two experienced chemistry teachers 

teaching two different topics, namely, electrochemistry and radioactivity. Due to the 

fact that the purpose of the study was examining topic-specific nature of PCK rather 

than comparing teachersô PCK, two teachers were viewed as one case. The minor 

differences were observed in teachersô PCK so they were provided in the result part.   
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3.4. Sampling and Participant Selection 

 

It is impossible to conduct the research with everybody who has the characteristics 

that researcher is looking for. Therefore, the researcher had to make some decisions 

related to the participants in addition to other choices (e. g., context, time, topic, etc.) 

(Marshall & Roseman, 2006). I preferred to study with small group of experienced 

chemistry teachers to get deeper information about their topic-specific nature of 

PCK. Focusing on a particular group of teachersô PCK was suggested in the previous 

studies to get detailed insights about PCK (Friedrichsen & Dana, 2005).  

 

Purposive sampling was used to choose the participants. To get better information 

about experienced teachersô PCK and its nature, teachers who had a potential to 

provide rich data were selected (Patton, 2002). Teaching experience in real 

classroom context is one of the vital sources for PCK development (Grossman, 

1990). Therefore, pre-service or beginning teachers do not have strong PCK (Abell, 

2008; Lee et al., 2007; van Driel et al., 1998). Because of that reason, I decided to 

study experienced chemistry teachersô PCK. However, the experience does not 

guarantee of rich PCK (Friedrichsen et al., 2009) Therefore, before the data 

collection, I started to look for experienced chemistry teachers who could be suitable 

candidate for the study. To find appropriate teachers, with help of the criteria that 

were used by other scholars in the literature (e.g., Berliner, 2001; Friedrichsen & 

Dana, 2005; Lankford, 2010), I determined some criteria such as being experienced 

in chemistry teaching at secondary level (at least 5 years experience  as suggested  by 

Berliner, 2001), teaching in a student-centered way, having a chemistry education 

degree in teaching chemistry at secondary level, participating to professional 

development activities, and teaching chemistry in a conceptual way rather than just 

emphasizing the algorithmic calculations.  

 

In Turkey, teachers teach chemistry very didactically and perform many algorithmic 

exercises due to university entrance system (Nakiboĵlu & Tekin, 2006). Therefore, 

selecting teachers who use activities, demonstrations, and representations is really 

hard in Turkey context. To solve the problem of finding teachers, I focused on 
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private school context because they have a tendency to do activities more than public 

schools.  To sum up, by the use of the criteria determined, I decided on two 

experienced chemistry teachers working in the same private high school in Ankara.  

 

Deciding on the number of the participants is complicated in qualitative research 

(Marshall & Roseman, 2006). With help of the information gathered from other 

researchers who conducted research before me in different high schools, from pre-

service chemistry teachers who took teaching practice course in high schools, and 

teaching assistants (TA) of teaching practice course, participants were selected. 

Especially, information taken from pre-service teachers and TAs was valuable for me 

because they had a chance to observe experienced teachersô teaching in classroom 

before I did.  Furthermore, I had a chance to talk to them about their teaching before 

I chose them. After the meeting with the potential participants, I took their schedule. 

Their weekly schedules let me conduct the research with two experienced chemistry 

teachers. If I had wanted to study with more teachers, I would have missed some 

classes of them due to overlap in their schedule. Therefore, I preferred to study with 

less teachers rather than missing observations of their teaching.  

 

Yet another issue in selecting the participants was the context in which they work. 

Due to the fact that context influences how teachers teach (Berliner, 2001; Henze et 

al., 2008; Loughran et al., 2008; Park & Oliver 2008), teachers working in the same 

or similar context should be selected in order to examine how topics influence 

teachersô practice. To eliminate the contextôs manipulation on teachersô practice, two 

teachers from the same high school were picked as participants.  

 

To sum up, in light of the criteria predetermined, two experienced high school 

chemistry teachers were selected. In Turkey, after graduation from the undergraduate 

teacher education programs, chemistry teachers can work both in public and private 

high schools. To get richer and deeper information and to compare teachersô PCK in 

different topics, experienced chemistry teachers, having at least 5-year or more 

chemistry teaching experience in private high school were selected. Participants of 

the study were working in a private high school in Ankara. Table 1 summarizes the 
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information about the participants. Additional details were also given in results 

chapter in order to explain the orientation to science teaching component of PCK.  

 

Table 1. Information about the participants of the study  

 

Participant  Teaching 

Experience   

Master/ 

PhD 

Other  

experiences  

School 

type   

PDs and 

trainings 

participated  

Mr. Demir 15 years - Electrical 

technician in a 

factory,  

 

Elementary 

science 

teaching in 

elementary 

school for 

three years,  

Private 

School 

Performance-

based 

assessment,  

 

 

Introducing new 

chemistry 

curriculum,  

 

 

Mrs. Ertan 8 years  Master  Tutoring   Private 

School  

Performance-

based 

assessment,  

 

Introducing new 

chemistry 

curriculum,  

 

 

 

3.5. The Subject Matter and Topics Selection 

 

First, chemistry was selected as subject matter due to my background in chemistry 

education. I graduated from Secondary Science and Mathematics Education (SSME) 

department that has four basic divisions, namely, chemistry, biology, physics, and 

mathematics teacher education. I have BA and MA degrees from chemistry 

education division. Moreover, I have five year-experience as a TA in the same 

division. I have studied with pre-service chemistry teachers in the context of field 

experience course since 2007. Therefore, as Friedrichsen and Dana (2005) indicated, 

studying the same field that I have both solid subject matter knowledge and PCK 

would be helpful for me, to observe, collect, and analyze the data collected.   
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Second, in terms of the topics, electrochemistry and radioactivity were studied 

because these two topics have not been studied in terms of topic-specific PCK yet. 

Additionally, research has provided misconceptions and difficulties that students 

have in electrochemistry (De Jong, Acampo, & Verdonk, 1995; Garnett & Treagust, 

1992a; 1992b; Sanger & Greenbowe, 1997a; 1997b; Schmidt, Marohn, & Harrison, 

2007) and in radioactivity (Nakiboĵlu & Tekin, 2006; Millar, Klaassen, & Eijkelhof, 

1990; Prather, 2005). Furthermore, research has showed that electrochemistry (De 

Jong et al., 1995) and radioactivity are difficult topics for students to learn (Alsop, 

Hanson, & Watts, 1999; De Jong & Treagust, 2002; Nakiboĵlu & Tekin, 2006; 

Yal­ēn & Kēlēn­, 2005). The literature calls for research on how teachers teach 

electrochemistry (De Jong & Treagust, 2002) and radioactivity (Nakiboĵlu & Tekin, 

2006). Moreover, two topics have to be at the same grade level due to the fact that 

orientation to science teaching component is grade specific. Additionally, the topics 

should not be related to each other because the purpose of the study was to compare 

PCK in different topics. In the chemistry curriculum for 11
th 

grade, there are energy 

and chemical change, reaction rate, chemical equilibrium, electrochemistry, and 

radioactivity. The first three are related to each other. Therefore, from the 11
th
 grade 

curriculum, electrochemistry and radioactivity were chosen to examine PCK in 

different topics.  

 

Finally, in terms of time issue, I could start data collection in spring 2011 after my 

visit to University of Missouri, Columbia, USA. Therefore, electrochemistry and 

radioactivity topics were quite good in terms of both comparison purpose of the 

study and the timing. Finally, scarcity of research on teachersô PCK in radioactivity 

and electrochemistry topics motivated me, as the researcher, to focus on them.  So, I 

hope this research will provide rich and original data for understanding how 

experienced teachersô PCK is specific to topics taught.  

 

3.6. Description of the Setting 

 

Peopleôs behaviors vary from context to context (Marshall & Roseman, 2006). 

Therefore, behaviors should be studied in the real context. In this study, the real 
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context that the researcher can capture teachersô PCK is classroom in which teachers 

teach. Moreover, the context in which the teaching occurs also has influence on 

teachersô PCK (Loughran et al., 2000). Therefore, the participants were selected from 

the same context because the purpose was not to compare and contrast PCK in 

different context.  

 

The study was carried out in a private high school context in Ankara, Turkey. There 

were about 400 learners in the high school. The learners are generally between 16 

and 18 years old in secondary level. In addition, the classrooms observed have about 

20-24 students. All classrooms in the high school have computers. Moreover, the 

classrooms in which participantsô teaching was observed have benches and 

cupboards for chemicals at the backside. Additionally, they have smart boards in the 

classes.    

 

3.7. Data Collection  

 

To offer detailed description of the phenomena studied in qualitative research, there 

exist three basic ways that are interviews, observation, and documents to collect data. 

Interviews help us to hear participantsô voice. They describe and explain their 

experience, ideas, and emotions. With the observations, we have a chance to see 

participantsô behavior in the real context. Finally, analyzing the documents provide 

data related to institutional, organizational, and personal vision, plan, and action 

(Patton, 2002). 

 

In order to get insight about teachersô topic-specific nature of PCK, different types of 

data were collected through interviews, observations, and document analysis. An 

important point reported by the previous research was that in order to capture 

teachersô PCK, researchers need to study on PCK for a long time and with different 

types of data collection methods. Nature of PCK may not let researchers to 

characterize participantsô PCK neither in an hour nor through one type of data 

(Abell, 2007; Baxter & Lederman, 1999; Loughran et al., 2000; 2004; Kagan, 1990). 
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In other words, the more time study on it and the more different types of data 

collected, the richer and deeper data are gathered about teachersô PCK.   

 

To examine experienced teachersô PCK in two topics, data were collected by the use 

of card-sorting activity, CoRe, semi-structured interviews, observation, and field 

notes. Data collection matrix (Figure-12) summarized the details related to each 

instrument. Moreover, multiple types of data were gathered through more than two 

months (Figure 13) due to the fact that uncovering PCK requires some time 

(Loughran, et al., 2004). Additionally, Appendix A shows the schematic diagram of 

the data collection process of the study.  

 

Primary data source (P) was used mainly to answer the research questions asked. For 

instance, self-comparison interview was primary data source for sub-research 

question-1. In the self-comparison interview, teachers compared and contrasted their 

teaching in both topics, which helped me analyze how their PCK is similar and 

different for teaching different topics. On the other hand, the data collected through 

self-comparison interview were secondary source (S) for answering sub-research 

question-2 which was related to interplay among PCK components.  But still self-

comparison interview data were useful and used to support primary data collected 

through observations and weekly interviews.  

 

 

Sub-questions 

CoRe  Card-

sorting 

Task 

Observations Teacher 

Interview-

1 

(Weekly 

int.) 

Teacher 

Interview-2 

(self-

comparison 

interview) 

1.  Topic-specific 

nature of PCK 

 

P
 

S P P P 

2. Interplay among 

PCK components  
S P P P S 

 

Figure 12. Data collection matrix 
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The timeline for data collection (Figure 13) was also provided. It is useful to 

understand the specific time for data collection through different instruments.   

 

 

Figure 13. Dissertation data collection timeline  

 

3.8. Details about the Data Collection and Instruments 

 

3.8.1. Card-sorting Task 

 

In this task, cards including scenarios (e.g. activities, strategies and techniques) for 

teaching electrochemistry and radioactivity at high school level were used to capture 

teachersô orientations and goals for teaching chemistry (Table 2). In this task, first of 

all, participants were asked to sort the cards into three groups: representative 

category including cards that are parallel to their teaching, unsure category including 

cards that participant is not sure whether s/he teaches in that way, and not 

representative category including scenarios very different than her/his teaching. After 

that, the researcher asked about the main similarities and differences between the 

scenario in the card and the participantsô teaching, and the common characteristics of 

the cards in the same group. Finally, the participants were asked how the scenario is 
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related to their orientations to science teaching, in other words, how it was parallel to 

their purposes and goals for chemistry teaching (Friedrichsen & Dana, 2003; 2005).  

 

Table 2. The details of the card-sorting task 

 

Data Source Description of purpose, and 

method 

Time 

Card-sorting 

Task  

Purpose: To detect participantsô 

orientation to chemistry teaching  

The task provided data for both sub-

research questions.  

 

Method: For the task, scenarios were 

written. Participants were requested 

to sort cards and then asked about 

their reasons for sorting. 

Conversation during the task was 

audio-taped.   

Time: At the beginning of 

the study  

 

 

 

Length: About 40 

minutes   

 

In this study, I used card-sorting activity because Friedrichsen (2002, as cited in 

Friedrichsen & Dana, 2003) criticized defining orientations based on observations. 

They suggested that teachers should take part in the process of determining the 

orientations. Moreover, Friedrichsen and Dana (2005) stated that conversation while 

the sorting the cards provides richer information about teachersô orientations than 

deciding on a specific scenario. Therefore, to determine teachersô orientations, card-

sorting task which includes teachersô voice was used.  

 

3.8.1.1. Development of the Scenarios for Card-sorting Task  

 

To determine participantsô orientations to science teaching, card-sorting task was 

utilized. In the literature, examples of card-sorting tasks have existed. For example, 

Friedrichsen and Dana (2005) prepared scenarios that were science-specific. 

However, in Turkey, we do not have secondary science teachers who teach physics, 

chemistry, and biology. Rather, we have teachers who teach only one subject. 

Therefore, because of the researcherôs major is chemistry, high school chemistry 
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teachersô PCK was studied. Scenarios related to chemistry topics as electrochemistry 

and radioactivity were developed.  

 

Although I adopted PCK model developed by Magnusson et al., (1999) in the study, 

I did not stick to that model in terms of orientations to science teaching because as 

Friedrichsen and Dana (2005) and Friedrichsen et al., (2011) stated, teachersô 

orientations are more multifaceted than Magnusson and her colleagues thought. 

Furthermore, Friedrichsen and Dana realized that teachers had different orientations 

in addition to those underlined in Magnusson et al., (1999). They criticized the 

labeling teachersô orientations with just one orientation determined in previous 

studies. They reported that participants have multiple central and peripheral goals 

which have a composite structure including affective, schooling and subject-matter 

goals. The result of the study showed that teachers may have different goals than 

those indicated in the literature. Therefore, while writing scenarios, new chemistry 

curriculum goals, literature related to orientation to science teaching (Friedrichsen & 

Dana, 2005; Greenwood, 2003; Magnusson et al., 1999; Volkmann et al., 2005), and 

the realities of Turkish education system were considered. Similarly, Friedrichsen 

and Dana (2003) also took the US conditions into account. University entrance exam 

(UEE) is very important for Turkish high school students to continue to higher 

education. Therefore, UEE determines to what extent students, teachers, and high 

schools are successful (Kºse, 1999). In other words, UEE has influence on teachersô 

orientation. To sum up, by using these different realities, scenarios were written.  

 

The reason why other sources in addition to curriculum goals were also taken into 

account was that teachers generally do not follow what curriculum documents state 

exactly. ñIn general, the view that shines through in all of the curriculum 

implementation literature is that educational innovations most frequently falter 

because teacher actions in the classroom are inconsistent with innovatorsô intentionsò 

(Roberts, 1988, p. 43) When a new curriculum is started to be implemented, 

teachersô implementation of it is affected by two factors that are teachersô 

interpretation of the new curriculum policy and teachersô loyalty (Roberts, 1988). 

Teachers may infer the new curriculum in a different way than the developers do or 
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they may infer it in the same way with developers but they refuse to implement it 

consciously.  

 

In the scenario writing process, first of all, curriculum goals stated in the Turkish 

chemistry curriculum (NME, 2007) were labeled in light of Robertsôs (1988) 

curriculum emphases. The labels for the curriculum goals were provided in 

Appendix B. Roberts stated that there have been seven curriculum emphases which 

North America has had through the history. These are ñeveryday coping, structure of 

science, scientific skill development, the correct explanations, self as explainer, solid 

foundation, and science, technology and decions.ò (p.45) Everyday coping stresses 

the teaching the topic with daily use of scientific process, events and phenomena. 

Structure of science aims to teach the ñhow science functions as an intellectual 

enterpriseò (p.35). Nature of science is tried to be emphasized. The highlighting point 

in science, technology and decisions is the relations between science and technology, 

and science-technology and society (STS). Scientific skill development emphasizes 

the skills that are science process skills used during scientific inquiry. For the correct 

explanations ñemphasis concentrates on the ends of scientific inquiry, rather than the 

meansò (p.37). The main point is teaching the correct explanations to the students. 

ñThe Self as explainer emphasis informs the studentôs understanding of his/her own 

efforts to explain phenomena by exposing the conceptual  underpinnings that 

influenced scientists when they were in the process of developing explanationsò 

(p.37). Finally, Solid foundation ñis a reassuring curriculum emphasis, for it indicates 

to the student that he/she is learning something that fits into a structure that has been 

thought about and plannedò (p.38). Through the time, some of them were more 

popular in a particular time than the others, however, it does not mean that one is 

better than others. Political issues, nature of the society, and social events are 

important factors that inform the preference of curriculum emphasis in a particular 

era.  

 

In light of the curriculum emphasis suggested by Roberts (1988), scenarios were 

written for each of them. Second, with help of orientations detected in Friedrichsen 

and Dana (2005), Greenwood (2003), Magnusson et al., (1999), and Volkmann et al., 
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(2005) additional scenarios were written. Finally, some scenarios related to 

preparation for UEE was added. All scenarios were provided in English in Appendix 

C and in Turkish in Appendix G. Finally, the questions asked to teachers during the 

card-sorting task were provided in the Appendix D.  

 

After writing the scenarios, to check whether they were parallel to curriculum 

emphasis suggested by Roberts (1988), and to check their grammar and wording, 

expert opinion was taken for both English and Turkish versions. Moreover, the 

scenarios were piloted in the piloted study. The details of the pilot study were 

provided later in this chapter.   

 

3.8.2. CoRe.  

 

CoRe is a tool that includes big science ideas/concepts in its horizontal axis and 

factors that influence teachersô decisions such as teachersô intend, learnersô 

difficulties, and factors in vertical axis (see Appendix H). Big ideas are basic 

concepts that are necessary to understand a particular topic (Loughran et al., 2004).  

Loughran and his colleagues thought that determination of big ideas are significant 

part of the process ñbecause it offers access to the way in which science teachers 

frame the topic, and may be regarded as the main ideas that teachers see as valuable 

in helping to conceptualize the topic as a wholeò (p.379). They stated that they 

viewed CoRe as an instrument for both capturing teachersô PCK and for 

demonstration of their knowledge.  

 

CoRe was employed for getting impression about how teachers constructed the 

topics that was focused (Loughran, Berry, & Mulhall, 2006). Moreover, CoRe helps 

us understand the topic-specific nature of PCK (Rollnick et al., 2008). As mentioned 

in the difficulties of studying PCK through the end of Chapter 2, teachers may not 

understand the terminology used in PCK literature, Therefore, Loughran et al., 

(2004) revealed that they did not use them  in CoRe. They used a language which can 

be understandable by teachers.  
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Similar to Loughran et al., (2004), I used CoRe as an interview tool at individual 

level. Abell and Volkmann (2010, personal communication) had some experience 

with CoRe implementation and they suggested me to use it as an interview tool. 

Therefore, I asked the CoReôs questions to the participants during the interview 

audiotaped. For instance,  in the CoRe application  interview conducted one week 

before teachers start to teach the topic, I asked  ñWhat are the difficulties related to 

teaching electrochemistry topic?ò and ñWhy do you think is it difficult to teach it? 

What are the factors making teaching it difficult? ñ. The participants talked about the 

probable difficulties that students may face with and the reason why students had 

those difficulties.  All questions asked during CoRe interview were provided in 

Appendix E.  

 

The details of CoRe use was summarized in Table 3.  

 

Table 3. Summary of the purpose, description and time necessary for use of CoRe 

 

Data Source Description of purpose, and 

method 

Time 

CoRe 

 

 

 

Purpose: To get information about 

how teacher(s)ô PCK is different for 

teaching different topics and how 

PCK components interplay  

CoRe application provided data for 

both sub-research. 

 

Method: CoRe questions were asked 

to the participants. The CoRe 

application was like interview and it 

was recorded by voice recorder.   

Time: One week before the 

teaching of each topic 

 

 

 

 

 

Length:  About 40 minutes.  

 

 

The permission was taken from Professor John Loughran to use CoRe instrument in 

the study (Appendix I).  

 

3.8.3. In terviews  

 

Interviews provide valuable information about the participantsô point of view which 

is not observable (Patton, 2002). Two different semi-structured interviews, namely, 
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weekly interviews and self-comparison interview were conducted at the different 

times of the data collection (Table 4).  

 

Table 4. Details related to interviews conducted  

 

Types of 

interviews 

Description of purpose, and 

method 

Time  

Teacher 

Interview-1  

 

(Weekly 

interviews) 

 

Purpose: To gather information 

about how teachersô PCK is different 

for teaching different topics, how 

PCK components interplay.  

Participants were asked about their 

teaching practice that are worthy of 

clarification.  

The interview provided data for both 

sub-research questions  

 

Method: Semi-structured interview 

protocol was used during the 

interview. When necessary, 

additional questions were asked.  

Time: At the end of each 

week  

(During the each topic) 

 

 

 

 

 

 

 

Length: Each will take 

between 25-30 minutes.   

Teacher 

Interview-2 

 

(Self-comparison 

interview) 

 

Purpose: To get teachersô ideas 

about the differences and similarities 

in their PCK for different topics.  

The interview provided data for 

research questions 1 and 2.  

 

Method: Semi-structured interview 

protocol was used during the 

interview. 

Time: At the end of the 

study 

 

Length: About half an 

hour 

 

The reason of the use of semi-structured interview was that an important question 

may come to the researcherôs mind during the interviews. Moreover, participantsô 

answers necessitate asking some additional questions which are different from the 

prepared questions. Semi-structured interviews were the primary sources of the data 

due to the fact that they reflect participantsô ideas related to their teaching. All 

interviews were audio-taped by the use of a digital voice recorder with the 

permission of the participants. All interviews questions asked during different types 

of interviews were provided in English in Appendix E and in Turkish in Appendix G.  
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In the semi-structured interviews, questions related to the PCK and its components, 

teachersô implementation of different activities, and reason why they used them were 

asked. For instance, participants used a teacher demonstration after teaching 

electrochemical cells. In the weekly interview that was conducted at the end of that 

week, the reason why they used the demonstration was asked them. Moreover, how 

the demonstration would help students to understand the topic and how they decided 

to use them in the class were all asked.  

 

The semi-structured interview questions were prepared in light of the Observation 

Cycle Protocol prepared by Sandra K. Abell and her research team for Researching 

Science and Mathematics Teacher Learning in Alternative Certification Models (RE-

SMAR
2
T) project, literature, and experience of the researcher. The permission was 

taken from Sandra K. Abell who was the director of the project. After writing the 

questions, expertsô opinion was taken in terms of the quality of the questions, and 

vocabulary and grammar. Five experts who had experience in PCK and teacher 

education provided feedback about the questions. After forming the final version of 

all instruments used in the research, they were used in the pilot study with two 

chemistry teachers in the US. Finally, I translated the instruments into Turkish. Then, 

again expert opinion was taken for quality of the translation. Four bilingual experts 

who have experience both in qualitative study and in chemistry education provided 

feedback. After all, both Turkish and English versions of the instruments were 

prepared.  

 

3.8.4. Observations 

 

Although data collected through interviews endow with valuable and rich data, it is 

not a full description of the participantsô PCK. Therefore, for a complete picture of 

the situation in addition to taking participantsôô opinion, participantsô teaching was 

observed (Patton, 2002).  

 

During the observations, I took notes. Observational record is referred as field notes 

that are the written notes related the researchersô hearing, observations, and 
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experiences during the observation (Bogdan & Biklen, 2006). As Loughran et al., 

(2000) looked for, the researcher tried to catch ñidentifiable instances where a 

concrete pedagogic action was employed for a particular reason in response to, for 

example, a learning difficulty, or situation, need, or known point of confusion in the 

content being taught.ò (p. 6). Therefore, I tried to take field notes as much as I could.  

 

In the literature there are two different field notes that are descriptive and reflective 

in nature (Bogdan & Biklen, 1998). Descriptive field notes describe the context 

people, and behaviors without any judgment. Reflective field notes, on the other 

hand, include observerôs judgments and ideas, related the observed actions or events. 

Data gathered through the observation should be rich and exhaustive enough to help 

the person who reads the research can view the context of the research actions of the 

participants (Patton, 2002). Therefore, both types of field notes were used to provide 

a complete picture to the reader in the study.   

  

Table 5 provided the description and purpose of the observation. Moreover, 

observation protocol was presented in the Appendix F. For Turkish version of the 

form, please look at Appendix G. In the observation protocol, important points 

related to PCK components were provided to observer in order to help her/him what 

to look for. For instance, for knowledge of instructional strategy component of PCK, 

ñThe teacher makes an instructional decision that alters the flow of the classroom by 

asking a question or directing students to perform a particular taskò and ñThe teacher 

uses an example or analogy or representation to clarify an ideaò points were given. 

However, the observers were not limited to those two points during observations. If 

something interesting and unexpected happened, it was noted as well. For example, 

one of the students could not understand how the atom changes in nuclear reactions. 

It was an unexpected question for Mr. Demir. He stopped teaching and tried to 

explain. But he did not provide the answer to the student. Rather, he asked some 

directing questions to the student and helped her to figure it out.  
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Table 5. Details of observations  

 

Data Source Description of purpose, and 

method 

Time 

Classroom 

observation  

Purpose: To gather data to answer 

for what the nature of PCK is for 

different topics and how PCK 

components interplay.  

Classroom observations provided 

data for both sub-research questions.  

 

Method: Field notes were taken. 

Observation schedule was prepared 

for helping to determine the 

important aspects such as 

instructional strategies used, 

responding learnersô difficulties, and 

relating the topic with other topics in 

the curriculum that I focused on.  

Time: For each 

participant, one of their 

11
th
 grade class was 

selected and observed that 

class from beginning to 

the end of each topic.  

 

Length: Each class 

period in Turkey is 45 

minutes for high schools. 

We have 3 class periods 

for chemistry per week at 

11
th
 grade.  

 

3.9. Pilot Study 

 

Piloting the research out helps the researcher to refine the instruments prepared, to 

increase self-efficacy in conducting the research, and to realize the importance of 

research study on experienced teachersô PCK (Marshall & Roseman, 2006). 

Additionally, I had a chance to see whether I can handle the data collected or not. 

After the pilot study and preliminary analysis of it, I understood that I am able to do 

the research and do the analysis of the data collected. 

 

The pilot study was conducted during my trip to the US as a visiting scholar. After 

getting permission to do the research from IRB, I requested one experienced 

chemistry teacher with seven-year-experience to study with me. She accepted to 

participate in the pilot study. I compared and contrasted her PCK in two different 

topics that were ñMatter and Measurementò and ñAtomic Modelsò at 11
th
 grade. Due 

to the fact that high school chemistry curriculum in the US is quite different than it is 

in Turkey, I could not have a chance to pilot the study in the same topics focused in 

Turkey.  However, it was very useful for me to do pilot study for making some 

necessary changes in the data collection instruments. 
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For the pilot study, I observed the participant teacherôs teaching for two weeks for 

each topic. The class that she was teaching was honorôs chemistry class with 28 

students. The class in which she taught was quite similar to those in the real study. 

Therefore, when she needed to show something, she had a chance to use chemicals in 

the classroom with benches. Moreover, it has computer and smart board.  

 

It was the seventh year in teaching for the participant teacher. She graduated from 

chemistry department; however, she decided to pursue a career in chemistry 

teaching. Then, she also applied for master program in University of Missouri. At the 

time of the pilot study, she was taking master courses.  

 

In light of the pilot study experience, some changes were made in the instruments 

and the time for conducting interviews. Pilot study helped me notice the tacit nature 

of PCK. To be able to talk to teachers about their teaching, the questions asked 

should be clear enough for them. For instance, in the self-comparison interview 

conducted in pilot study I explained what PCK is to teacher and I asked ñHow was 

your teaching similar and/or different in terms of PCK for teaching the topics?ò She 

said she did not focus on PCK but just taught them. I realized that even if you 

explained what PCK was, still they do not share that language with you. After that 

experience, I checked all the questions and tried to make them more understandable 

for teachers. Additionally, in the pilot study, I did CoRe interview about ten days 

before she started to teach. I noticed that she did not start to think how to teach the 

topic yet. Therefore, in the main study, I conducted CoRe interview about one week 

before they started to teach the topics.  

 

3.10. Data Analysis 

 

Data analysis is a process through which researchers try to understand what the data 

tell (Bogdan & Biklen, 2007; Merriam, 2009). In this study, for two sub-research 

questions, somehow different analyses were conducted. Below, the details of the data 

analysis were summarized. In qualitative research, the data collection and data 

analysis are not separate procedures, on the contrary, they occur simultaneously 
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(Bogdan & Biklen, 2007; Merriam, 2009). During the data collection, I got some 

insights about how teachersô PCK is specific to topics and how teachers use PCK 

components concurrently. I took some notes about the points that I noticed, which 

helped me during the analysis part.  

 

3.10.1. Data Analysis for Topic-specific Nature of PCK 

 

In the first round, after transcription of the all interviews, data coding was started. 

First, I tried to form a code book. Although I had PCK model proposed by 

Magnusson and her colleagues in my mind, I was open to other possible codes while 

reading the data sources (Merriam, 2009).  For instance, in the proposed PCK model, 

there are two sub-categories of knowledge of curriculum, namely, knowledge of 

curricula, and knowledge of goals and objectives.  However, while I was reading the 

data I noticed another point related to curriculum knowledge.  Participants linked the 

topics by relating the topic to the other topics taught in previous grades (e.g. types of 

reactions, how to assign oxidation number, etc.), which was coded as ñvertical 

relationsò. Moreover, they linked it to topics taught earlier in the same grade (e.g. 

spontaneity of chemical reactions, chemical equilibrium, spectator ions etc.), which 

was coded as ñhorizontal relationsò. Through this process, I formed a code book 

from the data collected from one participant. Then entire data were coded by the use 

of the codes formed. Due to the fact that I had two topics to code, I decided to code 

electrochemistry for both participants first and then to code the data of radioactivity 

topic. 

 

In the second phase of the analysis, categories were formed (Merriam, 2009). The 

codes were put under categories which were PCK components suggested by 

Magnusson et al., (1999) model, namely, orientation to science teaching, knowledge 

of instructional strategies, curriculum, learner, and assessment. All codes were put 

under the categories and sub-categories of PCK for both participants and for both 

topics. For analysis of orientation to science teaching, I analyzed the data collected 

through the card-sorting activity. The central and peripheral goals of teachers were 

determined. Additionally, data collected through observation and interviews were 
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helpful in understanding the participantsô orientation as well. The main focus was 

how they teach, how they provide the content to learners, and whether they share the 

responsibility with learners.  

 

In the third part, in order to have better view of the data, I decided to focus on when, 

how, and why each teacher enact instructional and assessment strategies, focus on 

learnersô prior knowledge, difficulties and misconceptions, and use curricular 

knowledge for each topic. At the end of this part, I had four summary tables showing 

the PCK components, namely, instructional strategy, learner, curriculum, and 

assessment for Mr. Demirôs electrochemistry teaching. Then I did the same for Mr. 

Demirôs radioactivity teaching. The same process was followed for Mrs. Ertanôs 

electrochemistry and radioactivity teaching. To sum up at the end of this step, I had 

16 summary tables showing when, how, and why each teacher did. The comparison 

was made between two tables for particular component for teaching electrochemistry 

and radioactivity for both teachers. For instance, for Mr. Demir, summary table 

formed for knowledge of assessment for electrochemistry and radioactivity were 

compared and contrasted in order to notice the topic-specificity. The comparison was 

done for all PCK components for both teachers. Then, the both participantsô results 

were compared and contrasted to check if there were any differences between them. 

Cross-case analysis revealed that the both teachersô teaching electrochemistry and 

radioactivity were quite similar. There was no major difference between them.   

Finally, I started to label the categories. For instance, data analysis showed that both 

participants assessed learnersô understanding at the beginning (e.g. assessment of 

prior knowledge), during (e.g. assessment of to what extent they learner through 

quiz), and at the end of electrochemistry (e.g. unit test) by the use of both formal 

(e.g. quiz) and informal (e.g. informal questioning) ways. The assessment used for 

electrochemistry was labeled ñCoherent assessmentò. However, assessment done in 

radioactivity was quite limited regarding the type, time, and purpose of it. Therefore, 

it was more ñFragmented assessmentò in radioactivity. For labeling each PCK 

component, again a summary table (see Table 20) showing all labels was formed. 

Then, PCK A was labeled and described for teaching electrochemistry and PCK B 
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was labeled and described for teaching radioactivity. The description of all labels 

was provided in the result section.   

 

3.10.2. Data Analysis for Interplay among PCK Components 

 

This part was based on data collected from one of the participants in electrochemistry 

topic. I decided not to include both teachersô data due to the complex nature of the 

interplays. The data of Mr. Demir who had richer PCK than Mr. Ertan was analyzed 

for the second sub-research question. Moreover, I also did not include Mr. Demirôs 

data for teaching radioactivity because his SMK and PCK were not as rich as they 

were in teaching electrochemistry.  

 

After finishing the data coding for the first sub-research question, I focused on the 

second one. Due to the fact that I was familiar with the data because of the analysis 

of the first part, coding this part was easy. I coded all of the interplays noticed in all 

data sources belonging to Mr. Demirôs teaching in electrochemistry. What I meant by 

interplay can be explained well with an example. For instance, in one of the weekly 

interviews, Mr. Demir stated that due to the fact that there was an objective about 

teaching Nernst Equation and performing exercises about it, he added that part to his 

teaching. In this part, it was obvious that his knowledge of curriculum informed his 

knowledge of instructional strategy about teaching Nernst Equation and performing 

exercises. These types of relations among PCK components were coded as interplay. 

Then, I examined all of the coded interplays. I noticed different characteristics of 

them. For instance, some of the interplays were so simple that they included only two 

components of PCK whereas some of them were quite complicated that they had 

some parts (e.g. understanding, decision-making, enactment, and reflection). 

Through the analysis of the coded interplays, I was able to assert some points about 

the nature of them.  

 

To sum up, the data analysis conducted in this study was between inductive and 

deductive analysis (Patton, 2002). In inductive analysis, there are no priori codes and 

categories whereas deductive analysis is based on the existing codes and categories. 
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In this study, I coded the data in light of the codes gathered from PCK model and the 

data collected. Moreover, I used PCK components suggested by Magnusson et al. 

(1999) as categories. Till this part data analysis was almost deductive. However, after 

that it was inductive because I tried to find out the patterns which are not existent in 

the literature for teaching electrochemistry and radioactivity. The similar approach 

was also used by Lannin et al., (2008): 

 

What evolved was a dialectical process in which we coded data, discussed our 

codes, revisited the original PCK model, recoded, and so on. In this way our 

final product included both a priori categories derived from the Magnusson et 

al. framework, and new categories that emerged from the data that led to the 

development of our revised framework (p. 10).  

 

When the nature of naturalistic inquiry was thought, it is quite normal to face with 

this type of differences because there is no one correct analysis for qualitative data. 

Additionally, qualitative research has design and analysis flexibility (Bogdan & 

Biklen, 2007; Marshall & Rossman, 2006; Merriam, 2009; Patton, 2002), which is an 

indicator of qualitative researchôs richness.  

 

3.11. Trustworthiness 

 

Validity and reliability issues in qualitative research are different from those in 

quantitative research (Yēldērēm & ķimĸek, 2006). Due to the major dissimilarities 

between quantitative and qualitative approaches, unique standards for ensuring 

validity and reliability are required. Moreover, the standards require special names 

for qualitative and quantitative approaches (Lincoln & Guba, 1986). Lincoln and 

Guba (1986) stated that ñcredibility as an analog to internal validity, transferability as 

an analog to external validity, dependability as analog to reliability, and 

conformability as an analog to objectivityò (p. 76-77). Then the blend of credibility, 

transferability, dependability, and conformability form trustworthiness of research. In 

the following part, evidences for trustworthiness of the study were given.  
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3.11.1. Credibility 

 

Credibility in qualitative research is related to whether the results are congruent with 

the reality or not (Merriam, 1998). Six strategies which are triangulation, member 

checks, long-term observation, peer-examination or peer debriefing, participatory or 

collaborative modes of research and clarifying researcherôs biases can be used to 

increase credibility of qualitative research. In this study, triangulation, peer-

debriefing, long-term observation, and member checks were employed to ensure 

credibility.  

 

Triangulation is using different data sources of information by examining evidence 

from the sources and using them to build a coherent justification for themes 

(Yēldērēm & ķimĸek, 2006). Patton (2002) examines triangulation under four 

categories which are data triangulation, investigator triangulation, theory 

triangulation, and methodological triangulation. In this study, data triangulation was 

achieved by using multiple data sources including card-sorting activity, interview 

transcripts, field notes from observations, and CoRe. 

 

The investigator triangulation was achieved by inviting three colleagues of the 

researcher to observe both teachersô teaching. They were purposefully selected for 

the observation because they are knowledgeable about PCK construct, its literature, 

components, and how to observe it. Totally, eight hours of participantsô teaching in 

different weeks and topics were observed by the researcher and three other observers. 

Additionally, the observation form, instruction on the parts of the form, and how to 

use the form were provided. After observation, we came to gather and discussed 

about our observations with help of the form. When we had inconsistencies, we 

focused on that part and tried to reach consensus. All PCK components were 

discussed in these discussion sessions.  

 

Peer debriefing involves a person to review and comment on the findings (Merriam, 

1998). I requested two of my colleagues who have experience in qualitative research 

and PCK in coding and categorizing process, and in interpreting the results.   
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Member check refers to make the participants of the study check the data, categories, 

and interpretations (Yēldērēm & ķimĸek, 2006). The participants were given the 

opportunity to react to the interpretations of the data throughout the investigation. 

After analyzing the data, the researcher print out the summary tables for PCK 

components and interplays and visited participants. They were requested to check the 

data, categories, and interpretations. Participants did not state any opposite 

interpretation. They agreed with the results and interpretations provided.  

 

Finally, long-term observation also helped me to ensure credibility. I spent about two 

and a half month with the participants. Meanwhile, I observed their classes, spent 

time with them, and talked about teaching, learners, context, and curriculum. Due to 

the long term-observation, I tried to capture teachersô PCK in two different topics.  

 

In addition to those points suggested by Merriam (1998), to increase credibility of 

the research, Patton (2002) recommended that ñcredibility of researcher, which is 

dependent of training, experienceò (p.552) and ñphilosophical belief in the value of 

qualitative inquiry, that is, a fundamental appreciation of naturalistic inquiry, 

qualitative methods, inductive analysis, purposeful sampling, and holistic thinkingò 

(italics are original, p. 552-553). As a researcher, I took a qualitative research course 

before starting to this research. Although it does not mean that I learned everything 

about qualitative inquiry, still, it provided a perspective about naturalistic approach. I 

had a chance to read at least three distinguished qualitative research textbooks to 

understand the underpinnings of this field. Furthermore, I have been conducting 

qualitative research since 2009, which provides me a great experience in questions to 

be asked, data to be collected, and analysis to be done in qualitative research. In 

addition to experience in this type of research, I also have had experience in teacher 

education field especially in PCK since 2006. I also have been studying with pre-

service teachers for five years in practice teaching course to assist their PCK 

development. Also, the experience I had due to pilot study helped me a lot about the 

revisions made, points focused, and questions asked. Finally, I spent a great year in 

the US, University of Missouri which has a perfect graduate program focusing on 

teacher education. I took a doctoral seminar course, LTC 8900 Science Teacher 
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Learning, taught by Assoc. Prof. Dr. Patricia J. Friedrichsen in the spring semester of 

2010 (Appendix H). I studied with Sandra K. Abell (to great honor of her), Deborah 

L. Hanuscin, Patricia J. Friedrichsen, Mark J. Volkmann, and Lloyd Barrow. 

Hopefully, these evidences helped the increase of my creditability as a reseracher.  

 

3.11.2. Dependability 

 

Although in quantitative research reliability refers to the replication of the findings, 

in qualitative results it has different meaning due to the nature of the qualitative 

research (Yēldērēm & ķimĸek, 2006). Data and investigator triangulation can be used 

to increase both credibility and dependability in qualitative research (Merriam, 

1998). Therefore, in this study investigator and data triangulation were employed as 

explained above. Additional two coders who have experience in PCK, chemistry 

education, and qualitative research coded one of the teachers from whom data were 

collected. Interrater reliability was calculated to provide evidence for credibility and 

internal reliability. Interrater reliability was calculated as %91 through the use of 

formula suggested by Miles and Huberman (1994). The formula is; 

 

Reliability = Number of agreements / 

(Total number of agreements + disagreements) X 100 

 

The inconsistencies were discussed again and consensus was reached at the end.  

 

3.11.3. Transferability  

 

Transferability is related to what extent the results can be generalized to different 

situations (Merriam, 1998). It is questionable that whether making generalization 

based on data gathered through a single case or some cases. Although making 

generalizations is not the focus of the qualitative research, there are some ways that 

are thick description and studying with more than one teacher to increase the 

transferability. In this study to increase transferability both of the strategies were 

implemented. The physical and cultural environment of the high schools, classrooms, 
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and participants were described in detail. Finally, the study was conducted with two 

in-service chemistry teachers.  

 

In the next part, details about how data bases were searched, role of the researcher, 

ethical issues, and schedule were provided.  

 

3.12. Key Words and Databases Searched  

 

First, the key terms related to the topic were determined with the help of the previous 

studies. The initial key terms identified from general to specific are PCK, in-service 

teachers, chemistry education, and science education.  

 

Due to the fact that there have not been many studies related to the topic-specific 

nature of PCK, especially with in-service chemistry teachers, science education were 

used as a key word in addition to chemistry education. Topic-specific PCK studies 

conducted in the other fields of science also helped the researcher especially in terms 

of theory and methodology.  

 

Second, general references such as Science Direct, Educational Resource 

Information Center (ERIC) databases, and International Dissertation Abstract were 

searched for the relevant primary sources. Moreover, to reach primary sources in 

Turkey, journals that have online access (e.g. 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.   

 

Third, the books were searched by using determined key words in the library web-

site. After completing review of the related literature, determined primary sources 

were obtained. They were read by noting the key points. When different sources 
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were found during the study, they were obtained and added to the study through the 

time.  

 

3.13. The Role of the Researcher 

 

The existence of the researcher in the context where participants act has some 

considerations (Marshall & Roseman, 2006). Therefore, the researcher should state 

the degree of his/her participantness, revealedness, intensiveness, and extensiveness 

(Patton, 2002). The participantness has a range between full participant and complete 

observer. In this study, I was complete observer. I did not participate in any 

classroom activity, group work, or discussion. I just sat at the back of the classroom, 

observed the teachersô teaching and reactions to studentsô questions, misconceptions 

and difficulties, and took notes about what I observed.  

 

Second, in terms of revealedness, teachers were informed about the purpose that was 

to examine teachersô PCK in two different topics at 11th grade. However, in order 

not to attract studentsô attention, the researcher was announced as a pre-service 

teacher who would observe their class. I preferred to be introduced like that because 

students in the school where the study was conducted got used to pre-service 

teachers.  College of Education assigned pre-service teachers to high school for 

teaching practice courses.  Therefore, students in the classes in which I did 

observations were not disrupted very much. Teachers were informed about my 

research and identity.  

 

The third point related to researcher role was intensiveness-extensiveness that is ñthe 

amount of time spent daily in the setting and the duration of the studyò (Marshall  & 

Roseman, 2006, p. 73). Before starting to study with the participants, first, I visited 

them to meet and request to participate in the study. Then, I went to schools for 

taking their weekly schedule and got some detailed information about the 

participantsô background. After that, I visited them again, and talked about how they 

teach. Finally, I called them almost every week to talk about what they were teaching 
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in that week, how they were teaching, etc. So, before the study, we had some time to 

understand and trust each other.  

 

Finally, due to the specific purpose and focus of the research, as a researcher, I think 

that my role was quite obvious at the very beginning of the study both for me and the 

participants (Marshall & Roseman, 2006).  

  

3.14. Negotiating Entry  

 

Before meeting the participants, I was thinking that it would be much harder to 

persuade experienced teachers to study with me due to my own experience. 

However, when I visited schools, teachers were positive about participation. They 

requested me to talk to their principles about the permission and IRB issues. The 

principles were also positive so I applied to IRB for getting permission to study with 

those teachers. Being honest and clear about the research purpose helped me 

persuade them. Additionally, because I did not force them to implement anything and 

change their plan, they easily agreed to study with me.  

 

3.15. Efficiency  

 

In qualitative studies, researchers should be efficient regarding to time and sources 

used (Marshall & Roseman, 2006). Keeping the research questions and pilot study in 

mind, I decided to observe one class of each participant teachers. Both teachers 

taught two 11th-grade classes in that semester. For one of the classes that they 

taught, I observed all class hours that they taught electrochemistry and radioactivity 

topics. So, observing teachersô teaching during Electrochemistry and Radioactivity 

topics and interviewing about their practice were reasonably guaranteed to answer 

research questions asked.   
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3.16. Ethical Considerations 

 

In order to be able to conduct the study, first, IRB permission was taken (Appendix 

J). IRB approved that the study has no potential to harm participants and to the 

students in the classes. Anonymity of participants and the school were assured as 

well. For all participants, pseudonyms were used. Additionally, all participants 

accepted to participate to the study voluntarily and they were informed that whenever 

they want to quit, they could do it.  

 

Deception of the participants, protection of the participants from harm, and 

confidentiality of data are three important points related to the ethics in research 

(Frankel & Wallen, 2006). Nobody except the researcher, her advisor, and additional 

coders had access the data collected for the study. Finally, participants were not 

deceived. An informed consent form was prepared. The purpose of the study was 

explained to the participants; however, all the details were not given about the 

research in order to not to influence their planning and teaching. At the end of the 

study, all details and results were shared with them.  

 

3.17. Limitations about Trustworthiness of the Study  

 

There are some limitations originating from the nature of the qualitative study. The 

first one is the existence of the researcher in the classroom. Although students did not 

notice that I am a researcher, still my existence in the class might influence them. In 

addition to effect on students, participant teachers might be manipulated by my 

existence, observation, and note taking. These all affected the natural setting of the 

classroom. However, to minimize my effect on students, I was introduced as a pre-

service teacher taking her school experience course.  To minimize my effect on 

teachers, I always stressed that I am there to observe how experienced teachers teach, 

how they automatically respond studentsô need during the instruction, understand 

their way of teaching rather than judging or criticizing them. Furthermore, I stated 

that we need to understand experienced teachersô thinking before, during, and after 

the instruction to benefit their experience in pre-service and in-service teacher 
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education. Additionally, I tried to spend some time with them and talked about other 

topics except teaching and chemistry. It is assumed that the participants got used to 

me easily because they stated that they were observed by pre-service teachers all 

semesters. So, they did not feel bad, nervous, or stressed. In my opinion, interviews 

conducted before the electrochemistry topic started helped us get used to each other.  

  

The second one is related to the generalizability of the results. This study was 

conducted in Turkey in which teachers generally teach didactically. They rarely do 

laboratory activities and demonstrations, and use different instructional and 

assessment methods. Teachers are mostly seen as the dispenser of the knowledge. 

Those characteristics of teachersô teaching may limit the generalizability of the 

research results. Moreover, the participant teachers may not represent other teachersô 

teaching in Turkey. In addition to that, only two teachersô teaching was focused in 

this study. In order to make generalizations, it is need to study with more teachers. 

However, similar to Turkey, in many Eastern cultures, the context described above 

was parallel, for instance, India context (Nargund-Joshi et al., 2011) and China 

context (Zhang, Krajcik, Sutherland, Wang, Wu, & Quiang, 2003). Therefore, the 

results may be comparable to the results of research conducted in Eastern Culture 

contexts rather than in Western one.  

 

The third one might be related to the lack of videotaping of participantsô teaching. 

Due to the fact that school principles did not let me do that, I could not take video 

with me. Therefore, it may create some problem because I might not be objective 

during the observation as much as expected. Other researchers might observe 

different things, however, to minimize this limitation I requested three researchers to 

come and observe with me. They were PhD candidate in chemistry education. Before 

going to observation, first, we talked about what we were looking for, what can be 

observed, and what can be an indication of teachersô PCK, etc. The reasons why I 

selected those three were that they knew what PCK is, components of PCK, and they 

conducted research on PCK. Two of them participated to PCK seminar related to 

PCK models, sources of PCK, and research in PCK field. Two of them observed two 

class periods in electrochemistry and the third one observed four class periods both 
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in electrochemistry and radioactivity. After the observations, we came together, and 

compared and contrasted our field notes. Then we talked about what we observed, 

which part of the notes were related to PCK components, how the teacher instructed, 

assessed, and respond to students. Therefore, with those precautions, I tried to 

decrease the limitation of lack of video-taping as much as I can do.  

 

3.18. Time Schedule 

 

Data were collected from two experienced chemistry teachers working in private 

high school in Ankara. Table 6 shows the timeline of the research.   

 

Table 6. Timeline for the research  

 

Date Events 

January 2010-May 2010 Design of the study  

June 2010- August 2010 
Development of the interview questions and 

other necessary instruments for data collection 

August 2010-October 2010 Pilot study in the US 

November 2010 ï December 2010 

Data analysis of pilot study, and revision on the 

instruments in light of the pilot study, and 

preparation last version of instruments,  

January 2011- March 2011 

Translation of instruments into Turkish and 

getting expert opinion on them, selection of the 

participants, meeting with participants, and 

getting IRB permission  

April 2011-June 2011  
Data collection & Preparing data for analysis 

(transcription, organizing field notes, etc.)   

August 2011 ï December 2011 Data analysis  

January 2012 -April 2012 
Writing results, conclusion, and discussion 

section  

 

Finally, assumptions about the nature of PCK and the participants were given.  
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3.19. Assumptions about PCK and the Participants  

 

¶ PCK is transformation of  knowledge bases (SMK, PK, etc.) for teaching, 

¶ Teaching experience is one of the major sources of PCK, therefore, experienced 

 teachers have a solid PCK, 

¶ Experienced teachers use different components of PCK (e.g. learner, curriculum, 

 etc.) effectively and simultaneously in order to make teaching more efficient, 

¶ SMK is essential for developing robust PCK but not the only knowledge base 

 forming PCK,  

¶ Participant teachers have solid SMK for both topics focused on, 

¶ Participants have a rich repertoire of instructional and assessment strategies.  
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CHAPTER 4 

 

 

 RESULTS 

 

 

 

In this section results were provided. Detailed results were presented for 

electrochemistry and radioactivity for each PCK aspects, namely, orientation to 

science teaching, knowledge of instructional strategy, curriculum, learner, and 

assessment. Under the each component of PCK, first, the categories formed were 

described in detail. Then, for each topic, the detailed explanation of both teachersô 

use of the components was summarized with the examples taken from both the 

interviews and observations. Furthermore, a brief table for each component was 

formed to help the readers to see the whole picture and to follow the results easily. In 

addition to that results for both participantsô were presented together because there 

were no major differences between the participantsô teaching topics.  

 

After providing all the details about the topic-specific nature of PCK, the interplay 

among the PCK components were summarized.  

 

4.1. Introduction of the Participants 

 

4.1.1. Mr. Demir  

 

Mr. Demir has about 15-years teaching experience in high school chemistry. He has 

been teaching in a private high school in which all fields have their groups including 

a chair and other teachers. Mr. Demir is the chair of the chemistry group and working 

with two other teachers in the school. He graduated from a vocational high school 

and worked in industry as an electric technician. Then, he went to college to become 

a chemistry teacher. He is interested in preparing students to participate in science 

competitions and fairs. Moreover, he has been participating in different in-service 
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trainings (e.g. introduction of new high school chemistry curriculum) and 

educational conferences to present his research (e.g. participation to 2
nd

 National 

Chemistry Education Conference, to present his work on mentoring pre-service 

teachers during practicum). Finally, he is interested in researching new activities, 

experiments, and in learning scientific knowledge gathered recently.  

 

4.1.2. Mrs. Ertan  

 

Mrs. Ertan has a masterôs degree in secondary science education and has been 

teaching high school chemistry for 8 years in private high schools. She is one of the 

three chemistry teachers working at the same school. She graduated from a top 

college in Turkey. Before starting to teach in high school, she tutored high school 

students for university entrance exam. Similar to Mr. Demir, she participated in 

professional development activities (e.g. Performance-based assessment, Introducing 

new chemistry curriculum, Science and Science education, New trends in chemistry 

education) in Turkey. She also went to Greece to participate a workshop on planning 

science activities. She is also interested in enriching her teaching with different 

activities and representations whenever possible. 

 

4.2. Results for the Topic-specific Nature of PCK  

 

4.2.1. Orientation to Science Teaching: Mr. Demir  and Mrs. Ertan  

 

Both teachersô orientation to science teaching was didactic in nature. Magnusson et 

al., (1999) described teachersô didactic orientation whose purpose is to transmit the 

content knowledge to learners. Their teaching was generally based on lecturing. 

However, they both enriched the lectures with demonstrations, analogies, and 

activities. To get idea about their orientation to science teaching, data gathered 

through card-sorting activity, observations, and interviews conducted after 

observations were used. Analysis of data sources showed that both Mr. Demir and 

Mrs. Ertan had conflicts between their own purposes and the realities of Turkish 

Education System. Moreover, data collected through card-sorting activity and 
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through observations indicated some differences and similarities. Even during the 

card-sorting activity, they mentioned the discrepancies existing. Therefore, teachersô 

both ideal view and real practice were summarized below (Table 7).  

 

Table 7. Results from card-sorting activity  

 

Participants Scenarios
1
: 

Agreed 

Scenarios: Not agreed 

at all 

Scenarios: Not 

sure 

Mr. Demir   2, 3, 4, 7, 8, 9, 14 1, 11, 12 5, 6, 10, 13 

Mrs. Ertan  2, 3, 4, 7, 8, 9, 13, 

14 

1, 11, 5, 12 

 

6, 10 

 

With help of the card-sorting activity, both participantsô ideal central and peripheral 

purposes were determined (Table 8).  

 

Table 8. Participantsô ideal and working ideas from card-sorting activity  

 

Participant  Purpose 

type 

Purpose 

 

 

Mr. 

Demirô 

ideal 

Purposes 

Central 

purposes 

To relate chemistry to daily-life, 

To help learners discover rather than providing knowledge,  

To develop science-process skills,  

Peripheral 

goals  

 

To facilitate learnersô interest in chemistry, 

To develop consciousness in terms of environment, 

To provide knowledge about history of development of 

concepts 

 

Mrs. 

Ertanôs 

ideal 

Purposes 

Central 

purposes 

To develop higher order thinking skills (e.g. critical 

thinking), 

To relate chemistry to daily-life, 

To develop scientific literacy  

Peripheral 

goal 

To facilitate learnersô interest in chemistry 

                                                 
1
 Details for the orientations: 1: didactic teaching, 2: Activity driven, 3: Discovery, 4: 

Conceptual change, 5: Academic rigor, 6: Guided inquiry, 7: Scientific skill 

development, 8: Curriculum goal: History of development of concepts, 9: 

Curriculum goal: developing conscious in terms of their relation to environment, 10: 

Curriculum goal: Terminology, 11: Reality of Turkish education system, 12: 

Curriculum goal: STS, 13: Curriculum goal: Environmental ethics, 14: Affective 

domain,  



113 

 

Through the end of the card-sorting activity and during the data collection period, I 

realized that there were some alterations in participantsô purposes. Table 9 showed 

their purposes which were identified through observation of their teaching for two 

and a half months.  

 

Table 9. Participantsô purposes concluded from their practices observed 

 

Purposes Purposes Participants 

Central 

Purposes 

To provide necessary knowledge to learners, 

To prepare learners for university entrance exam,  

To relate chemistry to daily-life, 

 

Both 

Both 

Both 

Peripheral 

Goals 

To facilitate learnersô interest in chemistry,  

To develop consciousness in terms of environment,  

Both 

Mr. Demir 

 

As can be seen from the table 8 and table 9, although some similarities between ideal 

and observed purposes existed, main differences were also detected. Regarding to 

similarities, ñto relate chemistry to daily-lifeò was one of the central purposes 

observed in both teachersó teaching. Due to Mr. Demirôs background in vocational 

high school and in industry, he said that he links daily-life and chemistry (Card-

sorting activity). Mrs. Ertan stated that due to her boring experience in high school 

with her chemistry teachers, she decided to relate chemistry to daily-life. Her 

teachers did not link the topics in chemistry to life (Card-sorting activity). 

Whenever, possible, they both mentioned where and how we use the phenomena 

taught in the class. Another reason of pursuing with it may be the stress made in the 

curriculum regarding to relating chemistry to daily-life. In addition to use of daily 

life, some of the other ideal and observed peripheral goals overlapped. For instance, 

to facilitate learnersô interest in chemistry and to develop consciousness in terms of 

environment were both stated by Mr. Demir in the card-sorting activity and observed 

by the observer. For Mrs. Ertan, there was a consistency in her peripheral goal, to 

facilitate learnersô interest in chemistry, stated in the card sorting activity and 

observed in here class.   
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However, some discrepancies were observed between their ideal purposes and 

purposes observed in real practices (Table 8 and 9). For instance, Mr. Demir stated 

that one of the central goals was to help learners discover rather than providing 

knowledge to them during the card-sorting activity; however, he provided knowledge 

in most of his classes. In other words, rather than letting learners to discover, he 

supplied necessary knowledge to them. For instance, he used a lab activity for 

determining relative reactivity of metals in electrochemistry. It was a good lab 

activity; however, he gave the purpose of the lab activity, the procedure, and how to 

do it. The only thing that learners should do was putting a piece of metals into 

different solutions. Although he stated that he want to use discovery strategy in his 

class, he did not focus on discovery strategy. He just tries to provide the necessary 

content to learners with help of hands-on lab activity. Due to the fact that he 

provided purposes, design, and procedure to learners, his other central goal that was 

to develop science-process skills formed another inconsistency detected.  

 

Yet another example related to discrepancies was about teaching didactically. Mrs. 

Ertan put the ñdidactic teachingò scenario to ónot agreeô category.  

 

Scenario-1: A good way to effectively teach students about fusion and 

fission is by lecturing and using the blackboard to draw sample reactions and 

tell the students the differences between fusion and fission reactions. 

 

However, I observed that she taught fission and fusion reactions exactly the same 

way stated in the scenario-1. She taught fission and fusion didactically in two days 

and in the last day of that week, she used domino activity to show how fission used 

in atomic bomb and nuclear reactor. The activity was used after providing the 

knowledge traditionally (Field Notes, week-3). 

 

Finally, in terms of peripheral goals, Mr. Demir stated that it is important to provide 

knowledge about history of development of concepts in card-sorting activity; he did 

not mention it at all. When asked about them, he explained the possible reasons of 

the discrepancies:  
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Curriculum is too loaded. It is stated that learners should learn by doing, 

though making projects and research. However, it is impossible to do that 

because of the curriculum load. If used all of them, I think, I would teach one 

third of the 11th grade curriculumé..Although we focus on mandated 

objective in the curriculum, we do not know whether questions will be asked 

from all of them in the exam [university entrance exam]. We do focus on 

objective, but after the university entrance exam, parents will complain about 

our teaching and want us to teach for that examé.So, it seems the purpose is 

not preparing learners to link chemistry and daily-life, rather, preparing them 

for the exam (Card-sorting activity, Mr. Demir , p. 2-3).  

 

In light of the data gathered, it seems that they both have a didactic orientation for 

11th grade chemistry course for science majors. However, it is not purely traditional. 

By the use of hands-on activities, analogies, animations, and discussions on 

environmental issues, their traditional teaching was supplemented. They stated that 

due to time limitation caused by loaded curriculum and university entrance exam, 

they had to shift their ideal focus to real one which helps them to handle with reality 

of the Turkish education system.  

 

4.2.2. Knowledge of Instructional Strategy 

 

When the data were analyzed, we came up with two instruction types used by the Mr. 

Demir and Mrs. Ertan in electrochemistry and radioactivity. One of them is ócontent-

based and teacher-centered instructionô and the other was óless teacher-centered 

instruction enriched with implicit NOS and discussion on Science-Technology-

Society-Environment (STSE)ô. First, the description of the both categories was 

provided, and then the summary table showing the features of them were given. 

Finally, examples taken from the teachersô instruction were presented to make what I 

meant with the instruction types.  

 

First, ñContent-based and teacher-centered instructionò refers to the instruction in 

which teacher is the source of knowledge. They did not share the responsibility with 

learners. Content, algorithmic calculations and concepts were the aspects stressed in 

this type of instruction. These aspects were delivered by the use of didactic teaching, 
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representations, teacher demonstrations, hands-on activity, daily-use of the topic, 

performing exercises, and comparison of concepts.  

 

In this type of instruction, teachers always presented the content through didactic 

teaching at the very beginning (Table 10). After that, they provided an exercise to 

apply the knowledge presented. They always performed the first exercise and 

stressed the important points that learners should be careful about. Then, they made 

students perform others on the board. Finally, following teaching and performing 

exercises, they implemented activity to attract learnersô attention and to help learners 

remember the topic. The laboratory activity used was structured cookbook lab 

activity in which all procedure was provided.  

 

Representations enriched didactic teaching to make the content more concrete and 

visual. The teacher demonstrations were also employed both at the beginning and at 

the end of the topic. To inform learners about daily-life, daily use of the topic was 

offered by teachers after teaching the topic. Finally, to help learners to discriminate 

the confusing concepts, comparisons of concepts were carried.  

 

Second, ñless teacher-centered instruction enriched with implicit NOS and 

discussion on STSEò refers to the instruction during which teachers mentioned NOS 

very implicitly, made discussion on energy and environmental issues in addition to 

content, daily use, and concepts. Teachers drew on didactic teaching, representations, 

activities, daily use, and comparing and contrasting concepts. However, in this type 

of instruction, teacher had less control on the learning process than they had in the 

former instruction type. Discussions regarding to effectiveness, cost, and effect of 

nuclear energy on environment, people, and society made learners active participants 

rather than passive listeners.  

 

Didactic teaching was used at the very beginning of the topic with the same purpose; 

to provide necessary knowledge. Additionally, discussions which were held to satisfy 

learnersô curiosity and to provide scientific-view regarding to energy made the 

teaching less teacher-centered and increased learnersô participation. Teachers implied 
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óscientific knowledge is subject to changeô point during teaching in this type of 

instruction very implicitly. Different than the former instruction, there was no 

algorithmic calculation here. Representations supplemented teachersô teaching 

regarding to visualization. Hands-on activity was employed to help learners 

remember the content after teaching the topic. The concepts making learners 

confused were compared and contrasted as well. Finally, to notify learners about the 

daily use of the topic, teachers mentioned how we use them in our life after teaching 

the subject matter.  

  

Table 10 shows the summary of both types of instruction.  
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Table 10. Two types of instruction labeled and their properties   

 

 

Aspects 

stressed 

during the 

instruction 

LABEL: CONTENT-BASED AND TEACHER-

CENTERED INSTRUCTION  

LABEL: LESS TEACHER-CENTERED INSTRUCTION 

ENRICHED WITH IMPLICIT NOS AND DISCUSSION 

ON STSE 

The way of delivering (How) Time for the 

use (when) 

Purpose of the 

use (why) 

The way of delivering (How) Time for 

the use 

(when) 

Purpose of the 

use (why) 

Content Didactic Teaching  At the 

beginning of 

the topic  

To provide 

knowledge 

necessary to 

learn the topic  

Didactic Teaching  

 

At the 

beginning 

of the topic  

To provide 

knowledge 

necessary to 

learn the topic  

Representations and 

analogies  

 

During 

teaching  

 

To make more 

concrete and 

visual  

 

Representations  

 

During 

teaching 

 

To ask question 

and make 

students think 

on the reactions, 

to make more 

concrete  

 

 

Activity  

Teacher 

demonstration  

Before and 

after 

teaching the 

topic 

 

To attract 

attention and 

to help 

learners 

remember   

 

 

Activity  

Teacher 

demonstration 

 

----- 

 

 

to help learners 

remember   

Hands on 

activity  

After 

teaching the 

topic 

Hands on 

activity 

After 

teaching 

the topic 

 

Daily use of 

electrochemistry 

After 

teaching the 

topic 

To relate 

chemistry to 

daily-life 

Daily use of radioactivity After 

teaching 

the topic 

To relate 

chemistry to 

daily-life 

 

 
1

1
8 
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Table 10 (continued) 

Algorithmic 

Calculations 

 

Performing 

exercises 

After providing 

the necessary 

information 

didactically  

To make them use 

the knowledge 

given, to help 

them learn the 

knowledge taught, 

to talk about the 

important points  

 

Not mentioned 

 

- 

 

- 

Comparison 

among the 

concepts 

confused  

Comparing and 

contrasting them 

verbally and/or 

by the use of a 

table 

At the beginning 

of the topic and 

during teaching it 

when necessary  

To prevent 

learners to confuse 

them  

Comparing and 

contrasting them 

verbally and/or 

by the use of a 

table 

At the beginning 

of the topic and 

during teaching it 

when necessary 

To prevent 

learners to confuse 

them 

Implicit NOS 

Teaching 

Not mentioned -  

- 

Implicit, mention 

didactically 

During teaching 

the topic  

To help learns to 

think that 

scientific 

knowledge is 

subject to  change 

STSE Not mentioned -                 - STSE During  teaching 

the topic  

To satisfy 

learnersô curiosity, 

to provide 

scientific- view 

regarding to 

nuclear energy  

 
1

1
9 
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Table 11.  Types of instructions used in electrochemistry and radioactivity 

 

 

 

 

 

 

Data analysis showed that both teachers used a óContent-based and teacher-centered 

instructionô to teach electrochemistry whereas used a óLess teacher-centered 

instruction enriched with implicit NOS and discussion on STSEô in radioactivity 

(Table 11). Below, the details of teachersô instruction in both electrochemistry and 

radioactivity were summarized by the use of the data collected through multiple data 

sources (e.g. interviews and observations).  

 

4.2.2.1. Content-based and Teacher-centered Instruction in Electrochemistry 

 

4.2.2.1.2. Subject-specific Instructional Strategy 

 

None of the teachers used subject-specific strategy (e.g. 5E, inquiry, etc.) during 

teaching electrochemistry.  

 

4.2.2.1.3. Topic-specific Instructional Str ategy 

 

Topic-specific strategies implemented by teachers were summarized under to sub-

titles, namely, activities and representations.  

 

Both Mr. Demir and Mrs. Ertan employed content-based and teacher-centered 

instruction in order to teach electrochemistry. In other words, their instruction was 

mainly based on transmission of knowledge to students. For example, after taking 

studentsô ideas about electrochemical cell, Mr. Demir provided the knowledge 

directly: started the electrochemical cells with a question:  

Participants Electrochemistry  Radioactivity  

Both Mr. Demir and 

Mrs. Ertan   

 Content-based and 

teacher-centered 

instruction 

 

Less teacher-centered 

Instruction enriched 

with implicit NOS and 

discussion on STSE 
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 Mr. Demir: What is an electrochemical cell?ò  

 Student-1(Std): Cells containing chemicals. 

 Std-2: It is producing energy during a chemical reaction. 

 Mr. Demir: If we can produce electricity because of a reaction, it is 

 electrochemical cell.  So, how can we get it? (Field notes, week-4, p.32). 

 

After taking studentsô ideas about it, he provided the knowledge directly:  

 

 If we want to produce electricity, the electrons should be moved from one 

 part to  other. In here [redox reaction occurring in a beaker] electron transfer 

 occurs in the solution. It should be transferable if we want to get electricity. 

 Here, there is no electricity because oxidation and reduction occur in the 

 same container and simultaneously. If we do it in separate containers, we  can 

 get it (Field notes, week-4, p. 33).  

 

Then, he showed a video providing the information that students were supposed to 

learn (e.g. how to determine anode, cathode, and the direction of the flow of 

electrons, etc.). In the next day, he drew a zinc-cupper (Zn-Cu) cell on the board and 

started to teach it in detail. Later, he performed exercises related to electrochemical 

cells, how to determine anode and cathode, and calculations of potentials of cells on 

the board. For example, he performed the Zn-H2 and Cu-H2 cells on the board and 

then they performed the others together. Finally, at the end of the cells topic, 

teacherôs demonstration related to Zn-Cu cell was employed by Mr. Demir. He 

showed how to make an electrochemical cell by the use of Cu-and Zn electrodes, 

Zn(NO3)2  and Cu(NO3)2 electrolytes, and salt bridge filled with KNO3 solution. He 

mentioned oxidation of zinc electrode from zinc atom (Zn
0
) to zinc ion (Zn

2+
) and 

the reduction of cupper ion (Cu
2+

) to cupper atom (Cu
0
). Learners were standing 

around the bench on which he was demonstrating and observing him. The instance 

provided above from electrochemical cells was a highly representative example of 

both Mr. Demir and Mrs. Ertanôs teaching in electrochemistry. 

 

During electrochemistry, they used two teacher demonstrations and one hands-on 

activity. One of the teacher demonstrations was implemented to show the color 

change during redox reactions between Zn metal and Cu(NO3)2 electrolyte at the 

beginning of the topic. The second one was demonstrated after teaching 

electrochemical cells (Zn-Cu cell). The purpose of the demonstrations was again to 



122 

 

make the topic more concrete and to help learner remember it later. The only 

laboratory activity they implemented in electrochemistry was óReactivity of Metalsô 

employed after teaching reactivity of metals didactically. The activity was structured, 

and the purpose and the process that learners should follow were given in the hand 

out. They were supposed to sequence of metals (e.g. Zn, Cu, iron (Fe), Magnesium 

(Mg) and Hydrogen ion (H
+
) with help of their observation of reactions among them. 

 

Second, in addition to demonstration and laboratory activity, teachers also used many 

representations for teaching the different sub-sections of electrochemistry. Symbolic 

representation of the reactions and macroscopic drawings of cells were always 

provided to learners. Sub-microscopic representations of redox reactions were 

overlooked a bit when it was compared to macroscopic and symbolic levels. Sub-

microscopic level was mentioned during the animation used for electrochemical cells 

topic (Field note, week-4, p.34). Furthermore, a video related to cell formation and 

cell components were shown to make the topic more concrete. Yet another type of 

representation put into practice was analogy. For instance, Mrs. Ertan used a 

waterfall analogy in order to tell the spontaneity of the reactions occurring in the 

electrochemical cells. She stated: ñAs in waterfall, there is a flow from high potential 

to low one. The direction of electron flow is from anode to cathode. Then, the 

potential of anode is higher than that of cathode.ò (Field note, p.36) When asked the 

reason of use of analogy during the interview, she said: 

 

éto help learners understand that the reactions focused in the cells are 

spontaneous, which is similar to movement of water from higher point to 

lower one. The electrons move from electrode with higher potential to other 

with lower potential. They can visualize it better with the analogy 

(interview 1-5, p.1).  

 

Similar to analogies, both participants developed varying representations to help 

learners understand the topic. For instance, Mr. Demir and B used a representation 

(Figure 14) in which an arrow to help learners understand whether an atom and/or 

ion was oxidized or reduced during the reaction. Learners had difficulty in 

determining the oxidized and reduced species in the cell.  
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       Mr. Demir                                                                     Mrs. Ertan   

                          

Figure 14. Representation used to indicate the changes in oxidation number 

 

Both teachers focused on the whether the species received or gave electron. They 

stressed that if electron is received, there is a decrease in the oxidation number as in 

the Fe
+3 

ion. It received three electrons, which resulted in a decrease from (+3) to (0).  

  

Yet another representation used in the electrochemistry was related to Standard 

Hydrogen electrode (SHE). Mr. Demir tried to tell the relative potentials determined 

by the use of SHE and stressed:  

 

 We select Hydrogen electrode as a reference point and we determine the 

 othersô potentials relatively to Hydrogen electrodeôs potential. (Field 

 notes, week-5, p.39)  

 

He related the height difference among the lines in the representation (Figure 15) and 

how SHE is used in chemistry.  He stated that the values given for oxidation or 

reduction potentials are not absolute values rather they are the relative values. SHE is 

used as a reference point (Field notes, week-5, p.39, interview 1-5) 

 

 

Figure 15. Representation of relative oxidation potential of Zn, H2, and Cu 

 

Another important aspect of their instructional strategy was the comparisons that 

they made between the concepts that confused students. Whenever necessary they 

either compared them verbally or provided a comparison table showing the 

differences and similarities between them. For instance, Mr. Demir stated that 

students have difficulty in discriminating electrochemical and electrolytic cells in the 
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CoRe interview (p.2). Then, he provided a table comparing and contrasting 

electrochemical and electrolytic cells at the beginning of the electrolytic cells (Table 

12) (Field Notes, Week-6, p.51)  

 

Table 12. Comparing and contrasting electrochemical and electrolytic cells 

 

Relationship between Cell Potentials, E, and Free-Energy Changes, æG 

Reaction Type E æG Cell Type 

Spontaneous  + - Galvanic 

Nonspontaneous - + Electrolytic 

Equilibrium  0 0 Dead battery 

 

He also stressed the differences verbally. 

Last week we said that redox reactions can be spontaneous and non-

spontaneous. If it is spontaneous, it produces energy whereas if it is non-

spontaneous, it requires energy to proceedsé.The biggest difference between 

them is that energy is produced electrochemical cells which are spontaneous 

reactions. However, reactions occurring in electrolytic cells are non-

spontaneous and necessitate energy to proceed. The same events [in terms of 

the place where oxidation and reduction reactions occur] occur in the anode 

and cathode of both cells. The only difference regarding to the half cells are 

the signs of them [sign of anode and cathode]ò (Field Note, Week-7, p.53)  

 

Mrs. Ertan also utilized the same comparison table in her class: 

We finished electrochemical cells. And now we are starting electrolytic cells. 

Is there any difference between them? Why do we separate them?ò One of the 

students said that electrochemical cells include two containers but electrolytic 

cell has only one. Then she started to tell the differences.  She added the signs 

of electrodes, use of production of electricity to the comparison table (Field 

Note, p.50).  

  

Finally, they mentioned the daily use of electrochemical and electrolytic cells. They 

provided electrochemical cell types used in daily life, for instance, dry cell, Nickel-

Cadmium (Ni-Cd) cells, watch cell, etc. Some knowledge related to cell ingredients 

and photo of the different types of cells at macroscopic level were given by the use 

of PowerPoint slayts. Moreover, Mr. Demir taught how cathodic protection is used to 

protect ships and other metal materials from corrosion didactically (Field notes, 

week-6, and p.50-51). In the interview conducted at the end of the week, the reason 

of teaching daily use of cells and cathodic protection was asked:  
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Researcher (R): You mentioned daily use of cells and try to relate the topic 

to daily-life. Could please tell me about its importance for students and for 

you?  

 

Mr. Demir : It would be more permanent. It is especially related to my 

personaléI am interested in those kind of stuff so I always relate the topic to 

daily life. I try to give examples of the use of them. It makes the knowledge 

more permanent (Interview, 1-5, p.1-2). 

 

Similar point was stated by Mrs. Ertan as well: 

The learning is more permanent if we relate the topic to daily life. We talked 

about the car batteriesé.And also to help them to learn the working 

principles of the stuff used in life (Interview, 1-5, p.6). 

  

To sum up, both Mr. Demir and Mrs. Ertanôs instruction was similar mostly 

depending on transition of knowledge from teacher to learners. They mostly focused 

on the content.  

 

4.2.2.2. Less teacher-centered Instruction Enriched with Implicit NOS and 

Discussion on STSE in Radioactivity 

 

4.2.2.2.2. Subject-specific Instructional Strategy 

 

None of the teachers used subject-specific strategy (e.g. 5E, inquiry, etc.) during 

teaching radioactivity.  

 

4.2.2.2.3. Topic-specific Instructional Strategy 

 

First, in the radioactivity part, both teachers started with the nucleus of the atom and 

reminded students what nucleon is, sub-atomic particles forming the nucleus, and 

atomic and mass number of the atom. Then, they started to teach the Standard Model 

didactically.  However, in radioactivity, the way of participantsô didactic teaching 

was somewhat different than that of teaching electrochemistry. For instance, they 

implicitly addressed one aspect of nature of science (NOS), that is, science is subject 

to change. In Mr. Demirôs class, students had confusion when they were talking 
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about quarks and leptons in Standard Model. One of the students asked whether 

quarks and leptons have sub-particles or not.  

Mr. Demir : We do not know yet. Before those [leptons and quarks], we just 

had known proton and neutron. There may be others. Later with help of new 

technologiesé.We could not explain how protons and neutrons were holding 

in the past but now we can do that.  

Std: So, did they [scientists] deceive us? Were they all lies?ò  

Mr. Demir : Before the recent research, we had not known them (Field Note, 

week-1, p. 63-64). 

 

When asked in the interview, he said:  

[Scientists] do not say that [leptons and quarks] do not have sub-particles. 

They do say that these are the things that we know now. It is a theory used to 

explain the phenomena. In near future, scientists may refute it.  But it is hard 

for learners to understand it (Interview, 2-1, p. 1).  

 

Correspondingly, Mrs. Ertan introduced the same point in her class implicitly. After 

mentioning the prior knowledge the learners learned in the previous grades, she 

added:  

A short time ago scientists thought that proton, neutron, and electron were the 

smallest particles of the atom. However, recent research, you remember we 

talked about research has been conducted in CERN [The European 

Organization for Nuclear Research], showed that there are sub-atomic 

particles smaller than those (Field notes, p.64). 

 

Then, one of the learners asked whether it is possible to convert a proton into a by 

changing the quarks that proton has. Mrs. Ertan said that she does not know it and 

added scientist may not be able to do it now but they may be able to achieve it in 

near future. Through the teaching of radioactivity, both teachers mentioned 

constantly that in light of the results gathered from continuing research, the 

knowledge we know now may be replaced with the new one. However, they did not 

explicitly say that science is subject to change or engage students in discussion or 

reflection on this idea.  

 

Another characteristic of this style of teaching was increasing amount of dialog 

between learners and the teachers. Especially, questioning and discussions were 

integrated to teaching fission, energy issues, and effects of radioactivity sub-topics.  
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Mr. Demir : How do we benefit from fission reactions?  

Stds:é. 

Mr. Demir : Where?  

Std-1: To make Atomic Bomb.   

Mr. Demir : And?  

Std-2: Hydrogen Bomb? 

Mr. Demir : No, it is fusion reactioné.A huge amount of energy is released 

during fission reactions. If the energy released is controlled, it is nuclear 

power plant. How is it controlled in nuclear reactors?  

Std-3: We can make it in thick lead blocks.   

Mr. Demir : How can you control energy with lead block? 

Std-4: They use cold water in reactors.  

Mr. Demir : It is used for energy transfer. What I want to ask is that how we 

can use the atomic bomb reaction in the reactor? It is a huge amount of 

energy but it is not released all of a sudden. How can scientists achieve it?  

Std-3: We can use less amount of Uranium. If we use less Uranium, the 

energy released would be less too.  

Std-5: We can use isotopes of Uranium.  

Std-4: The neutrons produced have to be caught.   

Mr. Demir : The thing that you should do is catching the neutrons produced 

in order to impede them to collide with other Uranium atoms.  

Std-3: It is decreasing the amount of energy released.  

Mr. Demir : To do it, control rods are used (Field note, week-3, p.80-81). 

 

In addition to dialog and questioning, they discussed energy produced, effectiveness 

of nuclear power plants, and environmental issues.  

 

Std-3: Why does the reactor warm up?  

Mr. Demir : Energy is produced and heats the reactor.  

Std-3: How do they cool it? 

Mr. Demir : They use water. That is the reason why they build them near to 

river and lake. But the water cooling system has a bad effect on the 

environment.  

Std-1: Radioactive waste may contaminate the river or lake.  

Mr. Demir : Yes, possible. Second, when you heated the water, what would 

be the amount of oxygen dissolved in that water?  

Stds: would decrease.  

Mr. Demir : It threatens life of fish and other living organism in the river and 

lake.   

Std-4: Is not it also expensive to build nuclear reactors?  

Mr. Demir : Initial cost is expensive but then it is not.  

Std-5: We can use wind power.  

Mr. Demir : It is not efficient. Actually, analysis of energy need should be 

conducted for Turkey. How much energy do we need in 10 or 20 years? How 

much of that energy need can be supplied from wind power and hydroelectric 
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power plant. We buy natural gas from Russia to heat water in hydroelectric 

power plant. Neither is it efficient.  

é. 

Std-5: How many percent of the energy need of the country is produced in a 

hydroelectric power plant?  

Mr. Demir : I do not know but may be about 3%. 

Std-5: If we compare the energy produced in a power plant with that of 

Ataturk hydroelectric power plant?  

Mr. Demir : It may not be.  

Std-5: Then, we should build hydroelectric power plant.  

Std-6: But hydroelectric power plant has a life time because of the soil fills it.  

Mr. Demir : Ok. They all have both advantages and disadvantages. So, the 

evaluation of them should be done carefully (Fields notes, week-3, p. 83-84). 

 

In the same way, Mrs. Ertan and the learners in her class also discussed the same 

points. She realized that learners were very interested in nuclear energy and atomic 

bombs, and their effect on people and environment. One of the learners asked 

permission to make a presentation on World War II (WW-II), the atomic bomb, and 

the Chernobyl accident. She allowed him to make the presentation lasting about 40 

minutes in the next week. The learner mentioned historical, political, and social 

aspects of WW-II atomic bomb, and gave some numbers about how many people 

died and how long the effect of it lasted. Furthermore, about Chernobyl accident he 

provided information about the places that were affected by the accident, the reason 

of it, and finally he compared the Fukushima disaster occurred in Japan because of 

Tsunami in 2011. At the end of the presentation, Mrs. Ertan and learners made a 

summary together.  

 

In addition to discussions and comparisons, both Mr. Demir and Mrs. Ertan 

implemented an activity after teaching the topic. The activity was ñDomino Activityò 

for helping learners understand how fission reactions are different for atomic bomb 

and nuclear reactors. After the fission and fusion reactions, they provided 

information about how learners do the activity. First, they were supposed to build a 

straight line of dominoes and then knock them down. During the process, they 

measured the time necessary for knocking down all the dominoes used. Second, with 

the same number of dominoes, they would build another shape shown below (Figure 

17).  
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Figure 16. The shape of the dominoes for representing fission in atomic bomb  

 

They would knock down the dominoes and measured the time. Teachers asked them 

to compare the times measured for both arrangements of dominoes. Learners did the 

activity in groups of four or five learners. The time for straight line arrangement was 

shorter than the other. At the end of the activity, Mr. Demir asked which one is 

atomic bomb and which one is nuclear reactor. They stated that the first one 

represents nuclear reactor whereas the second one is atomic bomb. When asked in 

the interview, he stated that the purpose was not to teach new knowledge rather 

making the knowledge taught permanent.  

 

It was to show that what chain reaction is and they can occur in different 

ways. It was for those purposes. I had taught that they can occur in different 

ways before so it was for making the knowledge more permanent. I believe 

that now it is more permanent (Interview, 2-3, p.3). 

 

Mrs. Ertan started the activity by reminding the two uses of fission reactions to make 

atomic bomb and to produce energy in reactors. After the instruction about how to do 

the activity, learners did it. At the end, they talked about which one represented 

atomic bomb and which one represents nuclear power plant.   

 

Yet another feature of the instruction used in radioactivity was lack of algorithmic 

calculations. Although they spent much time on performing exercises and making 

students perform them in electrochemistry, in the radioactivity topic, that time was 

spent for questioning and discussions related to the topic.  

 

Second, in this type of instruction, representations at different levels were applied 

commonly. In terms of the number, more representations were used in the 

radioactivity than that of in electrochemistry. In radioactivity, the representations 
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employed were generally symbolic representations of all nuclear reactions 

mentioned, sub-microscopic representations of fission and fusion reactions with 

colorful circles showing neutrons and protons, and pictures of a nuclear power plant 

built near to river, control rods used in nuclear reactors to keep neutrons produced 

during fission reactions. Moreover, they used some of the representations during the 

questioning and discussion.  

 

 

 

 

Figure 17. Representation at symbolic and sub-atomic levels used to show fission 

reaction 

 

For instance, Mr. Demir showed the chain reactionôs symbolic and sub-microscopic 

representations to ask how the energy released during fission reaction can be 

controlled in nuclear power plants. They talked on the representations showing the 

reactants and products of the fission reaction (Figure 16). Although he utilized 

representations to make the topic more concrete in electrochemistry, he used 

representations to make discussions on them as well as to make the topic more 

concrete in radioactivity (Figure 16).  
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Regarding to representations, Mr. Demir and Mrs. Ertan did not use any analogy in 

teaching radioactivity.  

 

In radioactivity, comparisons of concepts verbally and/or with help of a comparison 

table was employed and this helped learners distinguish them. Comparison of 

chemical and nuclear reactions and stressing the differences were done at the 

beginning of the Radioactivity. Mrs. Ertan, compared and contrasted them in terms 

of energy released during the reactions, the nature of the products produced, the 

effect of temperature and pressure on them, and the isotopesô reactivity in chemical 

and nuclear reactions (Field Note, p. 73). Similarly, Mr. Demir also compared and 

contrasted them. When asked the reason of the comparison:  

 

To hinder students from relating chemical and nuclear reactionsé They are 

quite different from each other. Sometimes they think that if pressure 

changes, nuclear reaction will change too. In chemical reactions they know 

that pressure affects on reaction. Here, they have a tendency to think in a 

similar way (Interview, 2-1, p.1). 

 

Summary tables were also used to show quarks and their properties (symbol, flavor, 

charge, etc.) (Table 13), and the types of decays, their penetrating effect, and energy.  

 

Table 13. Summary table used by teachers for properties of quarks  

 

Quark Symbol Flavor Charge Mass (MeV) 

Up u Iz=+1/2 +2/3 1.5 to 4.0 

Down d Iz= - 1/2 -1/3 4 to 8 

Strange s S= - 1 -1/3 80 to 130  

Charm c C= 1 +2/3 1150 to 1350 

Bottom b Bô= - 1 -1/3 4100 to 4400 

Top t T= 1 +2/3 171400 Ñ2100 

 

They also underlined the similarities and differences between the fission and fusion 

reactions. Moreover, fission reactions used to make atomic bomb and used to 
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produce energy in nuclear power plants were also compared and contrasted by both 

teachers verbally.  

 

Like in electrochemistry, both teachers mentioned the daily-life use of radioactivity 

after teaching the topic. The use of radioactivity regarding to X-ray in medicine, food 

irradiation, external radiation therapy, radiocarbon dating in archeology, and nuclear 

power plants were mentioned.  

 

Gamma Rays given off by the radioactive isotope of 
60

Co are directed at the 

tumors because Gamma Rays can penetrate into the deepest cells in the body 

and kill them by breaking covalent bonds in proteins and DNA, carefully 

controlled and focused doses of gamma radiation can destroy cancer cells 

(Mrs. Ertan , Field notes, p. 92).  

 

It is [food irradiation] used in order to destroy the bacteria existing in food. 

So, shelf-life is increased for food. The dose of radiation exposed to food is 

low for preventing the damage on people (Mr. Demir , Field note, p. 88). 

 

 

4.2.3. Knowledge of Curriculum  

 

Related to knowledge of curriculum use, two categories were formed, namely, 

ñnetwork of topicsò and ñlimited network of topicsò. The characteristics of both 

groups were given in the following part.  

 

 ñNetwork of topicsò refers to the use of curriculum knowledge by relating the topic 

to the other topics taught in previous grades (vertical relations), topics taught earlier 

in the same grade (horizontal relations), and topics taught in other courses (e.g. 

physics). The purposes of forming networks were to make learners remember the 

previous topics learned, to help them relate new and previous ones, and to make 

them to look over the previous topic. The vertical relations were achieved through 

mentioning the previous topic, asking questions that help learners to understand the 

relation, and stating that they already learnt it and need to go through it especially at 

the beginning of the instruction and/or activity. Horizontal relations to previous 

topics in the same grade were realized to make learning the new topic easier. 
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Teachers taught the new topic by using the previous one as a base for the subsequent 

one.  

 

In addition to links to prior topics, teachers having network of topics curriculum 

knowledge, criticized the sequence of the sub-topics and altered the sequence of 

them in order to eliminate learnersô difficulty in understanding the topic.  

  

Finally, teachers were aware of the purposes and goals stated in the national 

curriculum and taught the topic as indicated in the program. They paid attention to 

follow all warnings and limitations related to what extent the topic should be taught.  

 

In this type of curricular knowledge use, teachers made some links to topics taught in 

previous grade (vertical relation), and to the topics taught in physics. However, the 

amount of connection between topics was quite limited when it is compared to those 

made in the previous category. Furthermore, the explanation provided during relating 

the topics were also highly superficial in this type of curriculum use. In contrast to 

first category, no horizontal relation to the topics previously taught in the same grade 

was observed. Additionally, although teachers made some changes in the sequence of 

sub-topics in the previous category, no critic on the sequence was observed here. 

Finally, teachers paid attention to goals and objectives, and reflected the limitations 

and suggestions given in the curriculum. Table 14 shows the summary of both use of 

knowledge of curriculum. 
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Table 14. Use of knowledge of curriculum for teaching  

 

Topic   The way of using curricular 

knowledge  

Purpose  How When   LABEL  

E
L
E

C
T

R
C

H
E

M
IS

T
R

Y
 

 

 

 

Relating to 

other topics  

 

Vertical relation 

to topics taught in 

previous grades  

to make learners remember 

the topics learned, 

to help them relate new and 

previous topics, and  

to warn them to look over the 

previous topic that will be 

used now 

Mentioning the related 

previous topic  

Asking questions that 

help learners to get the 

relation 

Stating that they already 

learnt it and need to go 

through it    

 

At the beginning of 

the instruction and/or 

activity   

 

 

 

 

 

 

 

 

 

 

NETWORK  

of 

TOPICS 

 

Horizontal 

relation to topics 

taught earlier in 

this year  

to make learning the new 

part easier  

 

Explaining the events 

occurring in the new part 

by the use of information 

provided in the previous 

units didactically on 

examples  

During teaching  

Relating to 

other 

disciplines 

Relation to 

physics   

To help them remember the 

knowledge learned  

 

To explain a part which 

creates a conflict  

Asking questions that 

help learners to get the 

relation 

 

Explaining the confusing 

point 

During the activity  

At the beginning of 

the topic  

Altering the curriculum  To solve learnersô difficulty 

in the latter topic due to the 

requirement use of  some 

parts in the latter during 

teaching the former one  

Changing the sequence of 

the and starting with the 

latter one  

 

 

After realizing the 

learnersô difficulty  

 
1

3
4 
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Table 14 (continued)  

 Paying attention to the objectives and 

the specific warnings stated in the 

curriculum  

To teach the topic as 

indicated in the national 

curriculum  

Obeying the all warnings 

provided and  

Checking the objectives 

all the time   

During teaching   

Before teaching, 

during planning 

 

 

R
A

D
IO

A
C

T
IV

IT
Y

 

 The way of using curricular 

knowledge  
Purpose How When  LABEL  

 

 

 

 

Relating to other 

topics 

Vertical relation 

to topics taught in 

previous grades 

To make learners 

remember the topics that 

they learned and  

Relating previous topic 

and giving some 

explanations  

During teaching   

 

 

 

 

 

LIMITED 

NETWORK 

of TOPICS  
Relation to 

physics topics 

To help them remember 

the knowledge learned 

in physics to use in 

radioactivity  

Mentioning the related 

part  

At the beginning of 

the topic  

Altering the curriculum  

 

                     ---                  ---     --- 

Paying attention to the objectives and 

the specific warnings stated in the 

curriculum 

To teach the topic as 

indicated in the national 

curriculum 

Obeying the all warnings 

provided, 

Checking the objectives 

all the time 

During teaching   

Before teaching, 

during planning 

 

 

 

1
3

5 
 



136 

 

Table 15. Types of curriculum knowledge use by Mr. Demir and Mrs. Ertan in 

electrochemistry and radioactivity 

 

Participants Electrochemistry  Radioactivity  

Both Mr. Demir and 

Mrs. Ertan 

 Network of topics 

 

Limited network of 

topics 

 

In light of the data collected, teachersô use of curriculum knowledge was categorized. 

Both teachersô curriculum knowledge use in electrochemistry was placed inò 

Network of topicsò category whereas it was placed in ñlimited network of topicsò 

category for teaching radioactivity (Table 15). Below, both categories were 

elaborated with the examples from both participantsô applications.  

 

4.2.3.1. The network of Topics in Teaching Electrochemistry 

 

Analysis of the data showed that Mr. Demir and Mrs. Ertan connected 

electrochemistry to the topics taught in previous years (e.g. types of reactions, how to 

assign oxidation number, etc.), to topics taught earlier in the academic year (e.g. 

spontaneity of chemical reactions, chemical equilibrium, spectator ions etc.), and to 

topics taught in physics (e.g. electricity). It was obvious that teachers used 

knowledge previously taught in chemistry and in physics.   

 

4.2.3.1.1. Vertical Relations 

   

First, at the beginning of the topic, Mrs. Ertan asked:   

 

 If we turn back to 9
th
 gradeéYou learned redox reactions. What are they? 

 What did you learn? (Field notes, p.1)  

 

She took learnersô ideas. After taking their ideas, she stated that they would learn 

more about redox reactions and cells. When asked the reason of relating the topics in 

chemistry curriculum vertically, she stated:  
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First of all, it helps learners to remember. Moreover, the links to the related 

topics help learners to see the how they are interrelated (Interview, 1-1, p.1). 

 

In addition to helping learners, another purpose of using curricular relations was to 

warn learners about their shortcomings in previous topics. For instance, to be able to 

learn electrochemical cells, learners are supposed to know redox reactions, and 

oxidizing and reducing agent. Mr. Demir mentioned that redox reactions were taught 

in 9
th
 grade-chemistry. However, his observations noticed him that learners could not 

remember them well.    Therefore, he stated that they already learned them in 9
th
 

grade and warned them about the difficulty that they would face with in learning 

electrochemical cells.  

 

4.2.3.1.2. Horizontal Relations 

 

Second, they made links to the previous topics in 11
th
 grade chemistry curriculum as 

well. For instance, during Nernst Equation used for calculation of cell potentials for 

non-standard conditions, both participants associated the topic with Le Chatelierôs 

Principle in chemical equilibrium. The part provided below was taken from Mrs. 

Ertanôs class observed:  

 

She wrote the reaction between Zn and Cu
+2  

ion: 

 

Zn (s) +   Cu
+2  

(aq)                      Zn
+2

(aq) + Cu (s) 

 

Then, Mrs. Ertan asked:  

 

 When I thought the cell reaction as equilibrium, how can I write the 

 equilibrium constant, K? 

 

They together wrote the constant:  

K= [Zn
+2

] / [Cu
+2

] 

They talked about the changes made on the equilibrium and the cell potential. One of 

students said that they should increase the concentration of Cu
+2  

ion (Field note, p. 



138 

 

45). During the interview, she stated that the link of chemical equilibrium to cell 

potential for non-standard conditions would make learning the new knowledge 

easier: 

If the cells at non-standard conditions are taught by the use of Chemical 

Equilibrium, it is so simple to understand. If not, students try to memorize 

everything about it. Because they already know equilibrium, they do not have 

difficulty in understanding the cells at non-standard conditions (Interview-

1,5, p.4-5). 

 

 

4.2.3.1.3. Relation to Other Disciplines 

 

Participants also interconnected electrochemistry to the physics topics taught. For 

instance, during the calculations in Faradayôs Law in electrolytic cells, there were 

electrolytic cells connected in series. The question was: 0.05 F electricity is passed 

through solutions of AgNO3 and CuSO4 arranged in series. How many grams of 

metallic silver and copper are produced in the system?  Mr. Demir drew the system 

on the board (Figure 18). 

 

Figure 18. Electrolytic cells connected in series 

 

Mr. Demir : What are the properties of series circuits? Remember from 

Physics class. The same amount of current goes through the circuit, right? 

Therefore, if the 0.06 moles of electron passes through the first container, 

how many moles of electrons would pass through the second one? It would 

be the same.  



139 

 

Std-1: What about parallel arrangements?  

Mr. Demir : In those systems, the voltage is constant, it is the same; however, 

the current is not. It changes. In serial arrangements, on the contrary, the 

current is the same (Field note, week-7, p.61). 

 

He also mentioned the circuits connected in parallel and series during the teacher 

demonstration in electrochemical cells in the same way he did above (Field notes, 

week-6, p.49). 

 

Another example of mentioning physics topic was observed during electrochemical 

cells. In Physics, students learned that the electricity flows from (+) terminal to (-) 

one. In chemistry, however, Mr. Demir stated that electrons flow from anode signed 

(-) to cathode signed (+). So learners asked the direction of the flow:  

 

Here, we are talking about the electron flow not about current flow. Before 

the discovery of electron flow, early physicists described it from (+) to (-). 

Later it was realized that it is not the case for electron flow (Field notes, 

week-4, p. 34). 

 

To sum up, he used Physics knowledge to explain a part creating conflict between 

chemistry and physics.    

  

4.2.3.1.4. Altering the Curriculum  

 

In addition to connections to the topics in chemistry and physics high school 

curriculum, Mr. Demir and Mrs. Ertan used their curriculum knowledge to make 

change the sequence of the sub-topics in Electrochemistry. For instance, Mr. Demir 

decided to teach ñoxidation numberò first and then ñcompetition for electronò topic 

later in contrast to curriculum. The reason of the change in the sequence was asked in 

the interview 1-2.  

 

The reason is learnersô difficulty in remembering the oxidation numbers. We 

assume that they had already known the oxidation numbers and mention them 

after competition for electron part. However, because I realized that students 

have big problems related to assigning oxidation number, so, I decided to 

teach it first. After they learn it completely, I continued with competition for 
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electrons. There was no problem in the flow of the lesson because of the 

decision that I took. Actually, it helped me so there is no regret to make it 

change (p.1). 

 

Similarly, both participants altered the sequence of ñCalculations in Faradayôs Lawò 

part after teaching the electrolytic cell rather than teaching at the beginning as 

suggested in the curriculum. They both stated that it does not make sense to teach it 

before teaching cells because they would eventually teach cells. Therefore, teaching 

the cells first and then preceding with the Faradayôs Law and its calculations made 

more sense to them.  

 

4.2.3.1.5. Goals and Purposes, and Knowledge of the Program  

 

Finally, Mr. Demir and Mrs. Ertan were knowledgeable about the chemistry 

curriculum. Moreover, they also paid attention to the objectives and the specific 

warnings stated in it. In the national high school chemistry curriculum, objectives 

and restrictions regarding amount of knowledge provided to learners are offered to 

all chemistry teachers. Participants were aware of all the objectives and suggestions 

about the limitations mentioned in the program. For instance, it was suggested to use 

of reduction potentials to determine anode and cathode in an electrochemical cell or 

to predict whether a reaction occurs between two species. They were aware of it 

before teaching. Therefore, they both always used reduction potentials in his teaching 

and exercises.  

 

Another example was providing daily life examples regarding to cells.  

Learners should be able to give examples of electrochemical cells (NME, 

2011, Objective 3.2, p. 65). 

 

Both teachers provided examples of cells used in daily life (battery used in watch and 

remote control, and car battery), photos of them on the PowerPoint slayts, and some 

knowledge related to cell ingredients (Field notes).  
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4.2.3.2 Limited Network of Topics in Teaching Radioactivity 

 

In Radioactivity, Mr. Demir and Mrs. Ertanôs curriculum knowledge was labeled 

with limited network of topics (Table 14).  Results revealed that there were not as 

many vertical and horizontal connections to other chemistry topics as were in 

Electrochemistry. Mr. Demir formed links between Radioactivity-Atom and its 

Structure, and Radioactivity-Electromagnetic Radiation taught in chemistry in 

previous years. Mrs. Ertan related the topic only to Atom and its Structure topic. 

Moreover, both of them were aware of the objectives and limitations stated for 

shaping the instruction of Radioactivity in the curriculum.  

 

4.2.3.2.1. Vertical Relations 

 

First, both Mr. Demir and Mrs. Ertan the started introduction of the Radioactivity 

with atom, its structure, and sub-components. They picked and atom (e.g. Carbon-

12) and made students remember atomic number, mass number, nucleon, and how to 

represent of all them (Figure 19). Mr. Demir mentioned all of them on C-12:  

 

  

Figure 19. Atom, its structure, and sub-components  

 

Another vertical link was identified when learners asked whether they are able to see 

the radioactive decays of uranium or not. Mr. Demir needed to talk about the 

óElectromagnetic Radiationô taught in 10
th
 grade in óThe Structure of the Atomô topic 

in chemistry.  
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Can you see radio waves or other waves? They are not visible. We mentioned 

that when we were talking about electromagnetic radiation. Please remember 

it from last year. You cannot see them (Field Notes, Week-3, p.88). 

 

When we talked about it, he said:  

 

Although they learned it, sometimes it happens. They always try to make it 

more concrete. In the structure of the Atom topic, they learned that the only 

part that can be seen is visible part in the spectrum. They also learned that 

although we cannot see the other parts of the spectrum, they exist. In this 

case, he could not make the relation between those two (Interview, 2-3, p.2). 

 

4.2.3.2.2. Horizontal Relations 

 

In addition to vertical links to topics taught in previous years, analysis was done to 

check whether they made relations between radioactivity and previous topics taught 

in the 11
th
 grade. However, no link was detected.  

 

4.2.3.2.3. Relation to Other Disciplines  

 

A link made to Physics curriculum was observed at the beginning of óBasic Forcesô 

topic. At the beginning of óBasic Forcesô, in order to help learners remember the 

knowledge learned in physics, Mr. Demir just stated that they learned it Physics in 9
th
 

grade. However, no details were given regarding to how learners should link the 

topics. Similarly, Mrs. Ertan made a link to Physics during teaching types of 

radioactive decay. She stated that they learned them in physics without any 

explanation.  

 

Second, in terms of debating the sequence offered in the curriculum and making 

changes on it, no example was detected (Table 13).  In contrast to Electrochemistry, 

sequence of the topics was followed in Radioactivity.  
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4.2.3.2.4. Altering  the Curriculum  

 

No example of altering the sequence of sub-parts in radioactivity was observed.  

 

4.2.3.2.5. Goals and Purposes, and Knowledge of the Program  

 

Finally, regarding to being aware of the goals and objectives stated in the curriculum, 

similar to Electrochemistry, they were well-informed about them. Before they started 

to Radioactivity, they read objectives carefully and focused on the limitations 

mentioned in the curriculum document. For instance, there was an objective in the 

curriculum: 

 

Students should be able to discuss nuclear energy in teams of social, 

economic, and environmentò (Objective 2-5, p. 77, NME, 2011). 

 

During teaching the topic, whenever suitable, they discussed the nuclear energy 

regarding to different aspects mentioned in the curriculum such as economy or 

environment. During the discussion, they avoided to direct learnersô ideas about 

nuclear energy. They provided scientific knowledge to them and stressed that it was 

an issue which should be taught from different perspectives (Fields notes). 

(Discussion was provided under Instructional strategy part of the result chapter). 

Another example was observed in the writing equations for nuclear reactions. In the 

curriculum it was stated:  

 

The real examples are used in the calculations of atomic and mass numbers 

during nuclear changes and hypothetical examples of nuclear changes are not 

used in assessment (NME, 2011, explanation for objective 2-1, p.77).  

 

Therefore, both of the participants used real examples of nuclear reactions when 

teaching ɔ, ɓ and Ŭ rays, and fission and fusion reactions. The purpose of the 

explanation provided in the curriculum was to prevent teachers from writing unreal 

equations to represent nuclear changes while teaching radioactivity. Moreover, some 

teachers wrote equations by the use of X, Y and Z to represent elements in the 
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nuclear reactions rather than real radioactive elements such as U, Po, and Th. Mr. 

Demir and Mrs. Ertan used real nuclear elements during teaching radioactivity and in 

the test to assess studentsô learning. To sum up, they were aware of the objectives 

and suggestions provided in the curriculum.  

 

4.2.4. Knowledge of Learner 

 

The third PCK component focused on was the knowledge of learner. Results 

indicated that two types of knowledge of learner, namely, ñsatisfactory knowledge of 

learnerò and ñdeficient knowledge of learnerò were labeled. In this part, first, the 

characteristics of both types of knowledge of learner were presented (Table 16). 

Then, participantsô knowledge of learner and how they used it in their teaching were 

summarized. Knowledge of learner component was examined under three sub-

components that are learnersô difficulties, misconceptions, and pre-requisite 

knowledge to learn the topic.  

 

ñSatisfactory knowledge of learnerò refers to the awareness of difficulties, 

misconceptions, and pre-requisite knowledge that learners should have before 

learning the new topic (Table 16). Teachers in this category were conscious about the 

difficulti es to eliminate them. Teachers sometimes used knowledge of learner before 

the difficulty occurred by alarming learners that previous learners had difficulty 

related to a particular point. Also, they used it after difficulty was observed by re-

explaining the point creating the difficulty. In terms of misconceptions, teachers were 

aware of some of them. To address the misconceptions, they acted after they realized 

that learners had the misconceptions. When they noticed that learners had 

misconception, they provided the correct explanation and asked questions to create 

dissatisfaction with the misconception. Regarding to pre-requisite knowledge, 

teachers actively used this knowledge to make the learning of the new topic easy 

during teaching and to make learners remember the pre-requisite knowledge at the 

beginning of the topic. The methods of integrating the pre-requisite knowledge were 

teaching the new topic through the use of previous one, re-teaching the pre-requisite 
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knowledge when learners could not remember, and mentioning the old one 

superficially.  

 

Another type of knowledge of learners identified was ñdeficient knowledge of 

learnerò (Table 17). In this type, teachers were partially aware of difficulties and 

misconceptions that learners may have, and the pre-requisite knowledge. In contrast 

to the former category of knowledge of learner, it was not comprehensive. Moreover, 

they sometimes missed learnersô difficulties and misconceptions. The major 

difference between the two categories was the quality of knowledge of learner that 

they have. Teachers used more or less the same strategies to eliminate difficulties 

and misconceptions. For instance, they provided the correct explanation and taking 

learnersô attention to the point before difficulty occurred. Or, when they realized that 

learners had difficulty, to assist learnersô understanding, they asked questions to help 

learner solve the difficulty. Regarding to pre-requisite knowledge, they only 

mentioned the pre-requisite knowledge, which far less that they did in the former 

category.  
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Table 16. Knowledge of learner for teaching different topics  

 

Topic Sub-components Awareness Purpose of use Time The way of 

using/handling 

Label 

 

E
L
E

C
T

R
O

C
H

E
M

IS
T

R
Y

 

 

 

 

Difficulties 

 

 

 

Complete 

awareness 

To eliminate the 

possibility of occurring  

the difficulty observed in 

previous learners and  to 

assist learnersô 

understanding 

Before and after 

difficulty 

observed 

Alarming 

and 

re-explaining the 

confusing point 

 

 

 

 

 

 

 

 

 

 

SATISFACTORY  

KNOWLEDGE  

of LEARNER  

 

To eliminate the 

possibility of occurring  

the difficulty 

To provide explanation 

and to assist learnersô 

understanding 

Before 

and 

after difficulty 

observed 

Providing explanations 

supported by the use of 

additional strategies/ 

materials (e.g. summary 

card, purposeful 

postpone of  using the 

confusing parts,  

analogy, and 

representation 

Misconceptions Partial 

awareness 

To eliminate the 

misconception 

After 

misconception 

observed 

Providing the correct 

explanation 

Asking questions to 

create dissatisfaction  

with the misconception 

Pre-requisite 

knowledge 

Complete 

awareness 

 

 

 

to make the learning of 

the new topic easy and 

to make them remember 

the pre-requisite 

knowledge 

At the beginning 

of  the topic 

Teaching the new one 

through the use of 

previous one and 

mentioning the old one 

 
1

4
6 
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Table 16 (continued)  

Topic Sub-components Awareness Purpose of use Time The way of 

using/handling 

Label  

 

R
A

D
IO

A
C

T
IV

IT
Y

 

 

Difficulty  

 

Partial 

awareness 

To eliminate the 

possibility of occurring  

the difficulty observed in 

previous learners 

At the beginning 

of the topic 

(before teaching) 

Providing the correct 

explanation and taking 

learnersô attention to the 

point 

 

 

 

 

 

DEFICIENT  

KNOWLEDGE  

of LEARNER  

To assist learnersô 

understanding 

During teaching 

the topic 

Providing the correct 

explanation and 

Using questioning 

technique to help learner 

find the answer 

Misconception Partial 

awareness 

To eliminate the 

misconception 

During teaching 

the topic 

Providing the correct 

explanation 

Pre-requisite 

knowledge 

Partial 

awareness 

to make them remember 

the pre-requisite 

knowledge 

At the beginning 

of  the topic 

Just mentioning the old 

one 

 

 

 

 
1

4
7 
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Table 17. Types of knowledge of learner used in electrochemistry and radioactivity 

 

Participants Electrochemistry  Radioactivity  

Both  Mr. Demir and 

Mrs. Ertan 

 ñsatisfactoryò ñdeficientò  

 

Both participantsô knowledge of learner use in electrochemistry and radioactivity 

was presented in the following part.   

 

4.2.4.1. Satisfactory Knowledge of Learner in Teaching Electrochemistry 

 

Both Mr. Demir and Mrs. Ertan had satisfactory knowledge of learner in teaching 

electrochemistry. Knowledge of learner was presented in three parts, namely, 

difficulties, misconceptions, and pre-requisite knowledge.  

 

4.2.4.1.1. Difficul ties 

 

When asked in the CoRe-1 interview before they started to teach Electrochemistry, 

both teachers stated possible difficulties that learners faced with in the topic. For 

instance, Mr. Demir specified that learners generally have difficulties in balancing 

redox reactions due to the obligation of following plenty of rules. Additionally, they 

had difficulty in understanding the reason why scientists needed to define and use a 

reference electrode. Mrs. Ertan indicated that learners find it hard to learn the sign of 

anode and cathode in electrochemical cells and electrolytic cells (CoRe-1, p. 2). All 

of the difficulties identified by them during the CoRe-1 interview were observed in 

the class. Furthermore, they were conscious about the possible reasons of the 

difficulties. For example, learners were taught in physics that electricity flow is from 

(+) to (-) electrodes. When they start to learn that electron flow is from anode (-) to 

cathode (+) in electrochemistry, they have difficulty to understand and start to ask 

question.  
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As Table 16 shows, Mr. Demir and Mrs. Ertan basically used two tactics to deal with 

difficulties which learners may have and/or they had. The first one was alarming and 

re-explaining the confusing part, and the second one was re-explanation supported by 

additional strategies/ materials. First, they usually warned learners about the specific 

points at which their previous learners experienced challenge. To eliminate the 

possibility of occurring them in this year, they cautioned learners to be careful about 

the point specified and provided explanations. For instance, Mr. Demir realized that 

learners had difficulty in discrimination of charge and oxidation number. So, with 

help of his prior experience, he warned learners about the point which other learners 

had problem.  

 

Some learners summed oxidation numbers when they calculate the charge of 

compound:  

 

In CaCl2 example, the oxidation number of Ca is (2+) and of Cl is (1-). But 

the total charges come from Ca is (2+) and from Cl is (2-) due to the 

multiplication of the oxidation number by the number of Cl in the substance 

(Field notes, p.6, Week-1). 

 

Before some learners had a problem related to the point, he had warned them to be 

careful about it and provided the necessary explanation.  

 

In addition to alarming learners about the possible difficulties, they also used 

providing explanations when the difficulty was detected in the class. For example, 

after teaching how to determine anode and cathode in electrochemical cells, Mrs. 

Ertan noticed that some learners had difficulty in understanding it. Then, she needed 

to re-stated how to determine anode and cathode in electrochemical cells and again 

warned them to be careful about the half cell potentials given (Field notes, p.35)   

 

Second, they also used some methods and materials to handle with the difficulties 

(Table 16). Some of them were utilized before the difficulty observed this year.  Due 

to their experience with previous learners, they know that learners had difficulties in 

following the rules stated in both oxidation number and half-reaction methods in 
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order to balance redox reactions. Therefore, to eliminate the possibility of occurring 

it, they had prepared a card summarizing the all steps of oxidation number method on 

one side and the steps of half reaction method on the other side. They distributed the 

cards to learners and asked them to use the card to get used to following the sequence 

of steps (Field note). 

 

Similar to preparation of summary cards, Mr. Demir also tried to eliminate 

possibility of another difficulty through postponing the confusing parts purposefully. 

He knew that learners had difficulty in learning the signs of anode and cathode in 

electrochemical and electrolytic cells.  Learners have difficulty because although the 

events occurring in the anode and cathode do not change, the signs of anode and 

cathode do change. Thus it causes a difficulty in learning them. In light of the 

previous experience, he purposefully postponed the use of the signs of anode and 

cathode when he was teaching the electrochemical cell. Then, when he started to 

teach the electrolytic cells, he focused on the signs, and compared and contrasted all 

properties that both cell types have.  

 

Contrary to two examples provided above, they also tried to handle with the 

difficulties after they were observed in the class (Table 16) For example, Mrs. Ertan 

observed that learners had difficulty in identification of the reduced and oxidized 

species in the reaction. After diagnosing the difficulty,  she used a representation 

shown in figure 19.  

 

       (Field note, p.15) 

Representation of oxidized and reduced species  

 

In this representation, she explained that the charge of Mn ion changed from (+7) to 

(+4). She added that Mn received electron so it is a reduction reaction. Then, the C
3+

 

ion gave an electron so it was oxidized. With help of the simple representation and 
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talk about the changes in the charge regarding to electron receiving and giving, she 

could teach how to determine oxidized and reduced species. Similar representation 

was used by Mr. Demir for Fe-Zn example.  

 

Finally, they used analogies to overcome the difficulties both before and/or after they 

occurred. As mentioned above, it was complicated for learners to follow the rules in 

balancing redox reactions. Although they took precaution to get over it through the 

use of the summary card at the beginning of the topic, some learners were still 

complaining about them. Therefore, Mr. Demir used an analogy through which he 

related the rules followed in balancing redox reactions to the address description for 

finding a place that you have not been before. He said that when people try to find a 

place where they do not know, at first, they follow the exact instruction provided. 

After sometime, when they learn the place, they may develop new strategies. He 

forced them to follow the rules. He suggested that when they learned the rules, they 

might find short ways to balance them.  

 

4.2.4.1.2. Misconceptions 

 

The participantsô knowledge of misconceptions in electrochemistry was not as good 

as their knowledge of learnersô difficulties in the same topic. No misconception was 

stated by them in the CoRe interview conducted before they teach the topic. During 

teaching, Mr. Demir realized some of the misconceptions and missed some others. 

For instance, when Mr. Demir was talking on the Al-Fe cell, and telling the events 

occurring at anode and cathode, one of the learners stated that Aluminum electrode 

was melting. Some of the learners confuse melting with ionizing. Although it is true 

for salts including ions (e.g. NaCl), it is not true for ionization in aqueous solutions. 

Mr. Demir did not realize it (Field notes, p.44). 

 

Similarly, Mrs. Ertan missed some of the misconceptions. For instance, during 

teaching the electrochemical cells, she drew a Sc-Ag cell on the board. One of the 

students asked: ñWhich container includes reactants and which one includes 

products?ò Most probably, the learner thought that reactants and products are in 
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separate containers. Mrs. Ertan said that Sc
3+ 

ion is reduced in anode and Ag is 

oxidized in cathode. When asked in the interview, Mrs. Ertan said: 

 

She [the student] could not understand that half reactions occur in different 

containers. Indeed, she could not understand anything.ò (Interview, 1-4, p. 

4). 

 

Although Mr. Demir and Mrs. Ertan could not state any specific misconception 

during CoRe-1 interview, they realized some of the misconceptions that learners had 

during teaching. When they noticed them, they almost always provided the scientific 

knowledge (Table 16). For example, they were studying on electrochemical cells 

through performing exercises. Mr. Demir read the question and drew the cell figure 

on the board (Figure 20) 

 

Figure 20. Drawing of electrochemical cell including X and Y electrodes and their 

solutions 

 

Std: The first one is anode, right?  

Mr. Demir : No, it is not. There is no rule like that. It is only in the writing 

the [short-hand] cell notation (Field notes, week-5, p. 44).  

 

The misconception detected and reported by Sanger and Greenbowe (1997a) was that 

many learners think that the first half cell is always anode and the other is the 

cathode. The same misconception was observed in Mrs. Ertanôs class as well. When 

asked in the interview, Mr. Demir stated that he detected it in previous years as well. 

He thought that learners had it because we always say ñoxidation and reductionò, 
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therefore, they think that oxidation is first so is anode. Moreover, he stated that they 

probably faced with many questions in which anode is the first container (Interview, 

1-5, p. 4). The same event was observed in Mrs. Ertanôs class. Similar to Mr. Demir, 

she also stated that anode does not have to be on the left (Field note, p.33). She 

warned learners not to focus on the physical placement of electrodes.  

 

A similar example was seen in the electrochemical cell part. It was the initial part of 

the topic and Mr. Demir was teaching what anode and cathode is, and what happens 

at anode and cathode electrodes. Suddenly, one said: Anode should be positive 

because it loses electrons. Mr. Demir stated:  

 

 We do not decide where oxidation and reduction occurs through looking at 

 the signs of the electrodes (Field Notes, week-4, p.35).  

 

This misconception was also stated in the literature by Sanger and Greenbowe 

(1997a).  

 

In addition to providing the correct explanation to learners, they also tried to 

eliminate them through asking questions to learners, which makes them think on the 

point and creates dissatisfaction with their conception (Table 16). An instance was 

observed when Mr. Demir was demonstrating the redox reactions occurring between 

Zn solid and CuSO4 solution. Most probably because they waited till next day to 

observe what happened in the beaker, one of the learners stated:  

 

 Std: Redox reactions are slow ones, right?  

 Mr. Demir : What are the factors affecting the rate of reactions?  

 Stds: Temperature and concentrationé. 

 Mr. Demir  : So, can we state that redox reactions are slow?  

 Std: No   (Field note, week-1, p.2).  

 

Although he did not provide any explanation here, the learner understood what Mr. 

Demir meant and did not pursue with his misconception. During the interview, he 

stated that because they waited to see the changes, he had misconception about the 

rate of redox reactions. He had used magnesium and put it into HCl earlier years, 
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which was very fast one (Interview, 1-2, p.2). However, Mr. Demir did not use that 

demonstration to eliminate the learnersô misconception. Rather, he preferred to ask a 

question.  

 

4.2.4.1.3. Pre-requisite knowledge 

 

Mr. Demir and Mrs. Ertan forecast well about the pre-requisite knowledge that 

learners would need in learning electrochemistry in the CoRe interview. They stated 

that learners need to know chemical reactions, chemical calculations, oxidation 

number, rate and heat of reactions, and chemical equilibrium.  

  

As can be seen from table 16, they used their knowledge of pre-requisite knowledge 

either to make the learning of new topic easy or to make learners remember the pre-

requisite knowledge. For instance, at the beginning of teaching Nernst Equation, sub-

topic under electrochemical cells, both teachers preferred to teach it by using 

Chemical equilibrium topic as a basement. Nernst Equation is used to calculate the 

potential difference (E) of the cells that are at non-standard conditions. Therefore, 

changes in the conditions result in change in the standard potential difference of the 

cell (
0
E). Although the use of equation gives the value of the E, Mr. Demir focused 

on the interpretation that can be done by using Le Chatelierôs principle. He wrote the 

symbolic equation of the Zn-Cu cell and told the basic points:  

 

Zn (s) +   Cu
+2  

(aq)                      Zn
+2

(aq) + Cu (s) 

 

Mr. Demir: We start with 1 M of solutions. How can we write the constant of 

equilibrium?  

 

Students stated; 

K= [Zn
+2

] / [Cu
+2

] 

 

Mr. Demir : At t=0, there is no equilibrium here. Through the time, the 

concentration of Zn
+2 

ions increases whereas that of Cu
+2

 ion decreases in the 
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system. After some time, it reaches the equilibrium and then cell potential 

will be zero.  At equilibrium;  

 

Rate forward reaction = Rate reverse reaction 

  

                                 K= Q   and   Ecell= 0 V           [Q is reaction quotient]     

                         

                                                                                   (Field Notes, week-5, p.44) 

 

They also used their knowledge to make learners remember the previous topic taught 

before. They mentioned the pre-requisite knowledge with one or two sentences. For 

instance, in electrolytic cells, they talked about the spectator ion, which does not 

react with the species. It is necessary to know while determining which species 

would be oxidized and reduced in the cell (Field note).  

 

4.2.4.2. Deficient Knowledge of Learner in Radioactivity 

 

Although teachers had robust knowledge of learner in electrochemistry, they were 

clearly weak in radioactivity topic. Knowledge of learner was summarized here 

under the difficulties, misconceptions, and pre-requisite knowledge.  

 

4.2.4.2.1. Difficulties  

 

When asked in the CoRe-2 interview before they started to teach radioactivity, Mr. 

Demir stated that the learners generally cannot visualize particles in their mind, 

therefore, have difficulty in understanding the relations between particles. He added 

that he realized the same difficulty in teaching atom topic. He attributed the difficulty 

to abstract nature of the topic. Second, he mentioned another difficulty caused by the 

nature of the radioactivity topic. It is an algorithmic-calculations free topic, which 

makes it difficult for learners to learn because they get used to performing 

algorithmic-calculations in other topics. Even without conceptual understanding, 

learners can perform exercises due to the familiarity with the types of questions 

(CoRe-2, p. 2). Mrs. Ertan stated that:  
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Indeed, radioactivity is a simple topic. The points that they have 

difficultyéOh, they have difficulty in discriminating artificial and natural 

radioactivity. This is the only one I guess. They most probably think that 

when there is specie on the left side of the reaction equation, they think that it 

is natural one. However, when there is more than one species, it is artificial 

one  (CoRe-2 interview, p. 2).  

 

As Table 16 shows, both teachers tried to handle with difficulties before and after 

they emerged. First, to eliminate the possibility of emergence of the difficulty, they 

took learnersô attention to the point that they would have difficulty about and stress 

the important points. For instance, both teachers knew that they would experience 

difficulty in discriminating chemical and nuclear reactions. Therefore, at the 

beginning of the topic, he stressed the differences between the two in terms of how 

they occur, energy change, particles taking role, etc. Mrs. Ertan stressed the 

differences between chemical and nuclear reactions in terms of conservation of mass, 

energy required and released, and conservation of number of proton, neutron and 

electron (Field note, p. 62). When asked the reason for this in the interview, she 

stated:  

Till now they learned chemical reactions. But from now on they will learn 

nuclear ones. They are really different from each other. Atoms and mass are 

saved during chemical reactions but not in nuclear ones. To help them 

understand (Interview, 2-1, p.1).   

 

Contrary to their style in electrochemistry, they did not warn learners rather they 

stressed the differences between the two here. However, taking precaution before it 

occurs is the similarity observed in terms of time mentioned in both topics.  

 

Second, they tried to help learners to understand the points on which they had 

difficulties, in other words, after the difficulty already arose. Contrary to their way of 

handling difficulties in electrochemistry (e.g. providing explanations supported by 

the use summary card, analogy, and representation) (Table 16), to handle with them, 

they either directly provided the correct explanation or used questioning technique to 

help learner handle it. For instance, Mr. Demir used questioning technique to help 

learners in handling the difficulties that they faced with. One of the examples of it 
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was observed when he taught artificial radioactivity and provided two examples of 

artificial nuclear reactions achieved by Madam Curie and Ernest Rutherford:  

 

Rutherford:  7 
14

N + 2 
4
He                     8 

17
O + 1 

1
p 

Curie:     13 
27

Al + 2 
4
He                   15 

30
P  + 0 

1
n 

 

Std: I cannot understand that how those are changed into new matter? 

Mr. Demir : OK. Let me ask something to you. When I say oxygen atom, 

how can I understand that it is oxygen?  

Std: From its chemical properties.  

Mr. Demir : Chemical properties... What is the basic point you focus on when 

you say chemical properties? 

Std: Atomic number.  

Mr. Demir : What is atomic number? 

Std: Number of protons.  

Mr. Demir :  If the number of protons changes in the reaction, it does in 

nuclear reactionsé(Field notes, week-3, p.77)  

 

Rather than providing the scientific explanation to the learner, he preferred to ask 

questions and tried to help her to get the point.  

 

4.2.4.2.2. Misconceptions 

 

Similar to their knowledge about learnersô misconceptions in the previous topic, Mr. 

Demir and Mrs. Ertan were partially aware of them in radioactivity. Only one 

misconception was stated by Mr. Demir in the CoRe-2 interview before he started to 

teach the topic. Moreover, he thought that learners generally have difficulties rather 

than misconceptions in radioactivity. The misconception that learners may have was 

that ñRadioactivity is bad and dangerousò The misconception was observed during 

the observation period. To eliminate the misconception, Mr. Demir provided 

different use of nuclear reactions in medicine, energy, and age dating in archeology 

through the topic.  

 

In addition to that, it was observed other misconceptions by the observer. For 

instance, students thought that alpha particle is Helium atom rather than Helium ion. 
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During teaching Mr. Demir was talking about alpha decay and a student, 

simultaneously, said Helium. Mr. Demir stressed:  

 

Helium without electrons or Heliumôs nuclei (Field notes, p.70, week-2). 

 

Moreover, the observer realized that they might have more misconceptions than Mr. 

Demir expected. An example was observed when they were talking about the nuclear 

waste. Mr. Demir asked why nuclear wastes are dangerous. One of the learners stated 

that they are poisonous. Because Mr. Demir did not want him to explain his idea in 

detail, it is better not to code it as a misconception, however, it might be. In the 

literature, ñIonizing radiation is confused with other environmental hazards; e.g. 

chemical pesticides and electric fields ñ (Henriksen & Jorde, 2001, as cited in 

Colchough, 2007, p.63). Therefore, it can be said that he may confuse them with 

chemical pesticides. Mr. Demir could not catch it so it is unknown what he meant by 

ópoisonousô. Poisons are chemicals which have harmful effects on body and the 

environment. It should have been focused the learnerôs idea and tried to be 

understood whether he had a misconception detected in the literature or not. As 

mentioned above, because he thinks that learners generally have difficulties rather 

than misconceptions in this topic, he might miss it.  

 

Mrs. Ertan did not provide any misconception that learners may have in radioactivity 

in CoRe-2 interview. However, it was observed that learners had some. For instance, 

she realized that learners thought:  

 

 ñFission is natural whereas fusion is artificial radioactivityò 

 

She also realized one more:  

 

 ñBoth fission and fusion occur in nuclear reactors.ò  

 

When she realized them, she gave the scientifically accepted explanation (Field 

notes, p. 87). 
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The way of handling misconceptions was similar to their way in electrochemistry. In 

both topics, they provided the scientific explanations. Although they asked some 

questions to make learners dissatisfy with their idea in electrochemistry, they did not 

do it in radioactivity (Table 16).  

 

4.2.4.2.3. Pre-requisite Knowledge 

 

Mr. Demir and Mrs. Ertan were partially aware of pre-requisite knowledge necessary 

for learning radioactivity. They stated that they need atom and isotope knowledge to 

understand the topic which does not necessitate much knowledge from other topics. 

Although they could mention necessary other knowledge for learning 

electrochemistry, they were less knowledgeable in this part in radioactivity. Mrs. 

Ertan thought that learners only need to know atom as prerequisite knowledge during 

CoRe-2 interview.  

 

Similar to their use of it in the first topic, they made learner remember the pre-

requisite knowledge. For instance, Mr. Demir mentioned atom, nucleon, proton, 

neutron, atomic and mass number, and showed them on Carbon atom (Figure 21)  

 

 
(Field observation, week-1, p. 63) 

 

Figure 21. Presentation of pre-requisite knowledge necessary for learning 

radioactivity 

 

Similarly, he made learners remember what isotope means at the beginning of the 

reason of instability of some nucleus. He asked ñwhat does isotope meanò to them 
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(Field observation, week-2, p.68).  Because learners remembered them easily, he 

did not have to re-teach them.  

 

Although they could have linked radioactivity to previous topics, they could relate it 

to only atom and its properties. However, during the observations, it was observed 

that in addition to those, learners need to know about radiation, electromagnetic 

radiation, energy, ion, and ionization in order to learn radioactivity. For instance,  

 

Std:  Can we see them [Alpha particles] if we are close enough?  

Mr. Demir: Can you see radio waves or other waves? They are not visible. 

We mentioned that when we were talking about electromagnetic radiation. 

Please   remember it from last year. You cannot see them (Field notes, week-

3, p. 88). 

 

Although they learned electromagnetic spectrum in 10
th
 grade, learners either could 

not remember it or could not relate it with radioactivity. 

 

4.2.5. Knowledge of Assessment 

 

The last component analyzed in this study was knowledge of assessment. Two types 

of application of knowledge of assessment were noticed, namely, ñCoherent 

assessment ñand ñFragmented assessmentò. Before presenting the major attributes of 

the categories formed, necessary descriptions to be able to understand the categories 

should be given here.  

 

First, the formal assessment is a way of assessment after which teachers have a 

document filled by learners, and project and/or a work done by learners. For 

instance, quiz is a formal assessment that teacher has a quiz paper which shows to 

what extent learners understand. On the contrary, informal assessment is done 

without use of any document (e.g. quiz and exam paper) and/or any work that 

learners have to do (e.g. questioning at the beginning of the topic and observing 

learners while they are performing exercises, etc.) Second, diagnostic assessment is 

used to identify the prior knowledge that learners have before starting to teach a new 
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topic. Formative assessment is another type of assessment which is applied for taking 

information about how much students learn and providing feedback to learners about 

their level of understanding. It is done through the learning process. Finally, 

summative assessment is one to conduct at the end of the teaching to grade (Abell & 

Volkmann, 2006). 

  

The important characteristics of the coherent assessment were use of multiple 

assessment strategies (e.g. informal questioning, quiz, observing learnersô 

performance, and unit test), for different purposes (e.g. to elicit learnersô prior 

knowledge, to check how much learners learn, and to grade), and through teaching 

the topic (e.g. at the beginning, during, and at the end of the topic). Although 

purpose, time, method, and type of the assessment were various, the only domain 

assessed was cognitive one. Among the cognitive domain, they only assessed content 

knowledge. In other words, assessment of learnersô NOS understanding and science 

process skills were not assessed. The questions asked in the quiz and unit test were 

open-ended and multiple-choice items. Both informal and formal assessment 

strategies were employed throughout their instruction.  

 

The fragmented assessment included limited types of assessment methods, namely, 

informal questioning and unit test. In other words, teachersô assessment was based on 

diagnostic and summative assessment results. However, the use of formative 

assessment was missing. The purposes of the assessment were to elicit learnersô prior 

knowledge and to grade them. Eliciting prior knowledge was done informally 

whereas the grading was done formally. In these assessments, both multiple-choice 

and open-ended questions were used. To sum up, in fragmented assessment, teachers 

did not use assessment continuously through teaching the topic. Therefore, the 

methods, purposes, and types of assessment used were quite limited.  

 

Table 18 shows the summary of both types of assessment.  
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Table 18. Knowledge of assessment for teaching electrochemistry and radioactivity  

 

 

E
L
E

C
T

R
O

C
H

E
M

IS
T

R
Y

 

Method of 

assessment 

Purpose of 

the 

assessment  

 

Type of 

assessment  

The way of 

assess 

What is 

assessed  

Types of 

questions used  

Time of the 

assessment  

LABEL  

Informal 

questioning  

Eliciting 

learnersô prior 

knowledge 

Diagnostic  Informally (Prior) 

knowledge: 

Cognitive   

Open-ended At the 

beginning of 

the topic   

 

 

 

 

 

 

 

COHERENT  

ASSESSMENT  

Quiz (twice) To check how 

much learners 

learn 

Formative   Formally  Content  

 Cognitive  

Open-ended  

 

During the 

topic; before 

from moving 

to next step  

Observing 

learners 

performing 

exercises 

To check how 

much learners 

learn 

Formative  Informally Content  

 cognitive  

Open-ended  

 

After 

providing the 

content  

Homework  To check how 

much learners 

learn 

Formative Formally  Content  

 cognitive 

Open-ended and 

multiple-choice 

items 

During the 

topic; before 

from moving 

to next step 

Unit test  

 

To grade them Summative  Formally Content  

Cognitive 

 

Open-ended and 

multiple-choice 

items  

 

 

 

 

At the end of 

the topic  

 

 

 
1

6
2 
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Table 18 (continued)   

R
A

D
IO

A
C

T
IV

IT
Y

 

Method of 

assessment 

Purpose of 

the 

assessment  

 

Type of 

assessment  

The way of 

assess 

What is 

assessed  

Types of 

questions used  

Time of the 

assessment  

LABEL  

Informal 

questioning  

Eliciting 

learnersô prior 

knowledge 

Diagnostic  Informally (Prior) 

knowledge: 

Cognitive   

Open-ended At the 

beginning of 

the topic   

 

FRAGMENTED 

ASSESSMENT   

Unit test  To grade them Summative  Formally Content  

cognitive 

 

Multiple-choice 

items  

At the end of 

the topic 

 

 

 
1

6
3 








































































































































































































