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PEDAGOGICAL CONTENT KNOWLEDGE REGARDING BIOGEOCHEMICAL 

CYCLES IN THE CONTEXT OF EDUCATION FOR SUSTAINABLE 

DEVELOPMENT  

 

 

8ċÓÔÈáɯ8ÌÕËÐȮɯ!ÈÏÈÙ 
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Co-2Ü×ÌÙÝÐÚÖÙȯɯ ÚÚÖÊȭɯ/ÙÖÍȭɯ#Ùȭɯ$ÓÝÈÕɯ©ÈÏÐÕ 

 

 

June 2019, 341 pages 

 

 

This study investigate d Ìß×ÌÙÐÌÕÊÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÚÜÉÑÌÊÛɯÔÈÛÛÌÙ (SMK) and 

pedagogical content knowledge (PCK) regarding biogeochemical cycles in the 

context of education for sustainable development (ESD). Three science teachers (one 

male, two females) from  different schools participated in the study. In this 

qualitative research, multiple case studies were used as research design. Data were 

obtained through in terviews, content representations, observations, card sorting 

activity and teacher documents. 

Considering the results, it was observed that teachers had lack of knowledge in both 

their substantive and syntactic structures in the topic of biogeochemical cycles. The 

results also revealed that teachers conceptually associated sustainable development 
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with the carbon cycle mostly but they could not reflect their SD understanding to 

their teaching of the cycles. When teachers' PCK were examined, it was found that 

teachers differed in the central and peripheral  goals of science education. In 

addition, teachers were knowledgeable about both the objectives in the curriculum 

and the horizontal and vertical relati ons of the topic. Although teachers were aware 

ÖÍɯÛÏÌɯÚÛÜËÌÕÛÚɀɯ×ÙÌrequisite knowledge in order to comprehend the t opic, they did 

not ÊÖÕÚÐËÌÙɯ ÚÛÜËÌÕÛÚɀ different learning styles during their teaching practice. 

Moreover , it was found that teachers had limited knowledge of both subject-specific 

and topic-specific instructional strategies. Teachers generally used teacher-centered 

strategies which caused them to be incompetent for implementing ESD. Similarly, 

teachers adopted traditional assessment methods. Eventually, i t is recommended 

that teacher educators and program developers should enhance teacher education 

programs where teachers can gain experience especially in terms of instructional  

and assessment strategies specific to ESD and integrate their SD understanding  with 

different topics . 

 

 

Keywords : Pedagogical Content Knowledge, Education for Sustainable 

Development , Science Education, Matter Cycles. 
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!ÜɯñÈÓċıÔÈ, deneyimli ÍÌÕɯÉÐÓÎÐÚÐɯġĀÙÌÛÔÌÕÓÌÙÐÕÐÕɯmadde ËġÕÎĹÓÌÙi konusundaki  

konu alan ve pedagojik alan bilgileri ni  ÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÒÈÓÒċÕÔÈɯÌĀÐÛÐÔÐɯÒÈ×ÚÈÔċÕËÈɯ

ÈÙÈıÛċÙÔÈàċɯÈÔÈñÓÈÔċıÛċÙȭ IÈÓċıÔÈàÈɯÍÈÙÒÓċɯÖÙÛÈÖÒÜÓÓÈÙËÈɯÎġÙÌÝɯàÈ×ÈÕȮɯdeneyimli Ĺñɯ

(bir erkek, iki  ÒÈËċÕȺɯfen bilgisi  ġĀÙÌÛÔÌÕÐɯÒÈÛċÓÔċıÛċÙȭɯ-ÐÛÌÓɯÈÙÈıÛċÙÔÈɯàÈÒÓÈıċÔċÕċÕɯ

ÉÌÕÐÔÚÌÕËÐĀÐɯ ÉÜɯ ñÈÓċıÔÈËÈȮɯÈÙÈıÛċÙÔÈɯ ËÌÚÌÕÐɯ ÖÓÈÙÈÒɯñÖÒÓÜɯ ËÜÙÜÔɯ ñÈÓċıÔÈÚċɯ

ÒÜÓÓÈÕċÓÔċıÛċÙȭɯIÈÓċıÔÈÕċÕ veriler i, Ùġ×ÖÙÛÈÑÓÈÙȮɯÐñÌÙÐÒɯ ÎġÚÛÌÙÐÔÓÌÙÐȮɯÚċÕċÍɯ ÐñÐɯ

ÎġáÓÌÔler, kart gruplama aktivitesi ve ġĀÙÌÛÔÌÕɯ ËġÒĹÔÈÕÓÈÙċɯ ÈÙÈÊċÓċĀċàÓÈɯ ÌÓËÌɯ

ÌËÐÓÔÐıÛÐÙȭɯ 

2ÖÕÜñÓÈÙɯÎġáɯġÕĹÕÌɯÈÓċÕËċĀċÕËÈȰɯġĀÙÌÛÔÌÕÓÌÙÐÕɯÔÈËËÌɯËġÕÎĹÓÌÙÐɯkonusunda hem 

kavramsal hem de ÉÐÓÐÔÐÕɯËÖĀÈÚċÕÈɯàġÕÌÓÐÒɯÒÖÕÜɯÈÓÈÕɯÉÐÓÎÐÓÌÙÐÕÐÕɯeksik oldÜĀÜɯ

ÎġáÓÌÔÓÌÕÔÐıÛÐÙȭɯxÛÌɯàÈÕËÈÕȮ ñÈÓċıÔÈÕċÕɯÉÜÓÎÜÓÈÙċȮ ġĀÙÌÛÔÌÕÓÌÙin ÚĹÙËĹÙĹlebilir 

ÒÈÓÒċÕÔÈɯ ÒÈÝÙÈÔċɯ ÐÓÌɯ ÔÈËËÌɯ ËġÕÎĹÓÌÙÐɯ ÒÖÕÜÚÜÕÜɯ ÒÈÝÙÈÔÚÈÓɯ ÈÕÓamda ÈÕɯ ñÖÒɯ
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ÒÈÙÉÖÕɯËġÕÎĹÚĹÕËÌɯÐÓÐıÒÐÓÌÕËÐÙÌÉÐÓËÐÒÓÌÙÐÕÐ ÈÕÊÈÒɯġĀÙÌÛÐÔÓÌÙÐÕÌɯàÈÕÚċÛÈÔÈËċÒÓÈÙċÕċɯ

ÖÙÛÈàÈɯñċÒÈÙÔċıÛċÙȭ xĀÙÌÛÔÌÕÓÌÙin madde ËġÕÎĹÓÌÙÐɯÐÓÌɯÐÓÎÐÓÐɯ×ÌËÈÎÖÑÐÒɯÈÓan bilgileri  

ÐÕÊÌÓÌÕËÐĀÐÕËÌ, ġĀÙÌÛÔÌÕÓÌÙÐÕɯÍÌÕɯÌĀÐÛÐÔÐÕÐÕɯÈÔÈñÓÈÙċÕÈɯàġÕÌÓÐÒɯÍÈÙÒÓċɯÎġÙĹıÓÌÙÌɯ

ÚÈÏÐ×ɯÖÓËÜĀÜɯÖÙÛÈàÈɯñċÒÔċıÛċÙȭɯ!ÜÕÜÕɯàÈÕċÚċÙÈɯġĀÙÌÛÔÌÕÓÌÙ, ġĀÙÌÛÐÔɯ×ÙÖÎÙÈÔċÕËÈki  

konu ile ilgili ÒÈáÈÕċÔÓÈÙċɯÉÐÓÔÌÒÛÌɯÝÌɯilgili konunun ËÐĀÌÙɯÚċÕċÍɯËĹáÌàÓÌÙÐÕËÌÒÐ 

konularla iÓÐıÒÐÚÐÕÐɯ ÒÜÙÈÉÐÓÔÌÒÛÌËÐÙÓÌÙȭɯxĀÙÌÛÔÌÕÓÌÙȮɯ ġĀÙÌÕÊÐÓÌÙÐÕin madde 

ËġÕÎĹÓÌÙÐɯÒÖÕÜÚÜÕÜɯÒÈÝÙÈàÈÉÐÓÔÌÓÌÙÐɯÐñÐÕɯÚÈÏÐ× ÖÓÔÈÓÈÙċ gereken ġÕɯÉÐÓÎÐÓÌÙÐnin 

ÍÈÙÒċÕËÈ ÖÓÔÈÓÈÙċÕÈɯÙÈĀÔÌÕȮɯġĀÙÌÕÊÐÓÌÙÐÕɯÍÈÙÒÓċɯġĀÙÌÕÔÌɯÉÐñÐÔÓÌÙÐÕÐɯÝÌɯÉÌÊÌÓÌÙÐÕÐ 

ËÐÒÒÈÛÌɯÈÓÈÕɯÉÐÙɯġĀÙÌÛÐÔɯÚÌÙÎÐÓÌÔÌËÐÒÓÌÙÐɯÎġáÓÌÔÓÌÕÔÐıÛÐÙȭ IÈÓċıÔÈÕċÕɯÉÜÓÎÜÓÈÙċȮɯ

ġĀÙÌÛÔÌÕÓÌÙÐÕɯÏÌÔɯÈÓÈÕÈɯÏÌÔɯËÌɯÒÖÕÜàÈɯġáÌÓɯġĀÙÌÛÐÔɯÚÛÙÈÛÌÑÐÓÌÙÐɯÒÖÕÜÚÜÕËÈɯÚċÕċÙÓċɯ

ÉÐÓÎÐàÌɯÚÈÏÐ×ɯÖÓËÜÒÓÈÙċÕċɯÖÙÛÈàÈɯñċÒÈÙÔċıÛċÙȭɯxĀÙÌÛÔÌÕÓÌÙÐÕɯÎÌÕÌÓɯÖÓÈÙÈÒɯġĀÙÌÛÔÌÕɯ

ÔÌÙÒÌáÓÐɯġĀÙÌÛÐÔɯÚÛÙÈÛÌÑÐÓÌÙÐni ÒÜÓÓÈÕËċÒÓÈÙċȮɯÉÜÕÜÕɯËÈɯġĀÙÌÛÔÌÕÓÌÙÐÕɯÚĹÙËĹÙĹÓÌÉÐÓÐÙɯ

ÒÈÓÒċÕÔÈɯÌĀÐÛÐÔÐɯÒÖÕÜÚÜÕËÈɯàÌÛÌÙÚÐáɯÒÈÓÔÈÓÈÙċÕÈɯÕÌËÌÕɯÖÓËÜĀÜɯÚÈ×ÛÈÕÔċıÛċÙȭɯAàÕċɯ

ıÌÒÐÓËÌ, ġĀÙÌÛÔÌÕÓÌÙɯ ÎÌÓÌÕÌÒÚÌÓɯ ËÌĀÌÙÓÌÕËÐÙÔÌɯ àġÕÛÌÔÓÌÙÐÕÐɯ ÉÌÕÐÔÚÌÔÐıÓÌÙËÐÙȭ 

2ÖÕÜñɯÖÓÈÙÈÒȮɯ×rogram gÌÓÐıÛÐÙÔÌɯÜáÔÈÕÓÈÙċɯÝÌɯÌĀÐÛÐÔÊÐÓÌÙÌȮɯġĀÙÌÛÔÌÕÓÌÙin hem 

ÚĹÙËĹÙĹÓÌÉÐÓÐÙɯ ÒÈÓÒċÕÔÈɯ ÌĀÐÛÐÔÐÕÌɯ ġáÌÓ ġĀÙÌÛÐÔɯ ÝÌɯ ËÌĀÌÙÓÌÕËÐÙÔÌɯ àġÕÛÌÔÓÌÙÐ 

ÈñċÚċÕËÈÕɯdeneyim kazanabilecekleri  hem de ÚĹÙËĹÙĹÓÌÉÐÓÐÙɯÒÈÓÒċÕÔÈɯÒÈÝÙÈÔċÕċɯ

konu alan bilgilerine entegre edebi lecekleri ÌĀÐÛÐÔÓÌÙÐɯ ÐñÌÙÌÕɯ ×ÙÖÎÙÈÔÓÈÙɯ

ÎÌÓÐıÛÐÙÔÌÓÌÙÐɯġÕÌÙÐÓÔÌÒÛÌËÐÙȭ 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

In all sub- ÍÐÌÓËÚɯÖÍɯÌËÜÊÈÛÐÖÕȮɯÛÏÌɯÔÈÐÕɯÈÐÔɯÖÍɯÛÌÈÊÏÐÕÎɯÐÚɯÛÖɯÌÕÚÜÙÌɯÚÛÜËÌÕÛÚɀɯ

ÓÌÈÙÕÐÕÎɯÈÕËɯÜÕËÌÙÚÛÈÕËÐÕÎȭɯ'ÖÞÌÝÌÙȮɯÛÌÈÊÏÌÙÚɀɯÈÉÐÓÐÛàɯÛÖɯÛÌÈÊÏɯȹ*ÐÕËȮɯƖƔƔƝȺɯis the 

most influential factor on classroom learning ( Lumpe 2007). Thus, teachers have 

enormous im×ÈÊÛɯ ÖÕɯ ÚÛÜËÌÕÛÚɀɯ ÜÕËÌÙÚÛÈÕËÐÕÎɯ ÈÕËɯ ÈÊÏÐÌÝÌÔÌÕÛɯ ȹ àËÐÕȮɯ ƖƔƕƖȰɯ

Brown, Friedrichsen, & Abell, 2013; Lumpe, 2007; Sanders, 2000; van Driel, Beijaard, 

& Verloop, 2001). SÐÕÊÌɯƕƝƜƔɀÚȮɯÌËÜÊÈÛÐÖÕɯÙÌÚÌÈÙÊÏÌÙÚɯÏÈÝÌɯÍÖÊÜÚÌËɯÖÕɯÛÏÌɯÛÖ×ÐÊÚɯÓÐÒÌɯɯ

ȿȿÛÌÈÊÏÌÙɯ ÒÕÖÞÓÌËÎÌɀɀɯ ÈÕËɯ ȿȿÛÌÈÊÏÌÙɯ ×ÙÈÊÛÐÊÈÓɯ ÒÕÖÞÓÌËÎÌɀɀɯ ÛÖɯ ×ÙÖÝÐËÌɯ ÙÐÊÏɯ ÈÕËɯ

ÝÈÓÜÈÉÓÌɯËÈÛÈɯÛÖɯÌß×ÓÈÐÕɯÛÏÌɯÌÍÍÌÊÛÚɯÖÍɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÕËɯ×ÙÈÊÛÐÊÌɯÖÕɯÚÛÜËÌÕÛÚɀɯ

success (Abell, 2007; Aydin, 2012; Carter, 1990; Friedrichsen, 2008; Grossman, 1990; 

'ÈÚÏÞÌÏȮɯƖƔƔƙȰɯɯ,ÈÎÕÜÚÚÖÕȮɯ*ÙÈÑÊÐÒȮɯȫɯ!ÖÙÒÖȮɯƕƝƝƝȰɯ2ÏÜÓÔÈÕȮɯƕƝƜƚȮɯƕƝƜƛȰɯ©ÌÕȮ 2014; 

Zembylas, 2007; Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 2008).     

In the first half of 20 th century, reÚÌÈÙÊÏÌÙÚɯ ÊÖÕÊÓÜËÌËɯ ÛÏÈÛɯ ÛÌÈÊÏÌÙÚɀɯ ÊÖÕÛÌÕÛɯ

knowledge is the most important indicator of qualified teachers. Afterward, 

researchers started to investigate pedagogical knowledge in latter half of the 20th 

century (Shulman, 1986). Shulman, however, claimed that content knowledge and 

pedagogical knowledge are linked. Thus, problems of teaching and teacher 

knowledge have led Shulman to introduce the construct of "pedagogical content 

knowledge (PCK)" as missing paradigm (Shulman, 1987). According to Shulman 

(1987), PCK has been a combination of content and pedagogy which is defined as: 

the special amalgam of content knowledge and pedagogical knowledge in 

particular topics which is organized, represented and adapted to the diverse 

interests and abilities of learners, and presented for instruction (p.8). 
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Shulman's PCK construct explained the question of what successful teachers should 

ÒÕÖÞɯÈÉÖÜÛɯÞÈàÚɯÛÖɯÓÌÈËɯÚÛÜËÌÕÛÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎȭɯȹ&ÙÖÚÚÔÈÕȮɯƕƝƝƔȰɯ+ÌËÌÙÔÈÕȮɯ

Gess-Newsome & Latz, 1994; Mulhall , Berry, & Loughran, 2003). PCK can be 

ÊÖÕÊÌÐÝÌËɯ ÈÚɯ ÛÌÈÊÏÌÙÚɀɯdetailed knowledge about both subject matter and the 

ÎÌÕÌÙÈÓɯ×ÌËÈÎÖÎàɯÙÌÎÈÙËÐÕÎɯÛÏÌɯÓÌÈÙÕÌÙÚɀɯ×ÙÐÖÙɯÒÕÖÞÓÌËÎÌɯÈÕËɯËÐÍÍÐÊÜÓÛÐÌÚȮɯÛÏÌɯÜÚÌɯ

of assessment and instructional strategies (representations, figures, activities) and 

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

Consequently, PCK is regarded as central to effective teaching and learning 

(Cochran, DeRuiter & King, 1993; Magnusson, Krajcik, &  Borko 1999). 

 As a construct, PCK also offers a perspective for science education researchers. 

$Ú×ÌÊÐÈÓÓàȮɯ,ÈÎÕÜÚÚÖÕɯÌÛɯÈÓȭɀÚɯȹƕƝƝƝȺɯÛÙÈÕÚÍÖÙÔÈÛÐÝÌɯ/"*ɯÔÖËÌÓɯÏÈÚɯÉÌÌÕɯÜÚÌËɯ

dominantly in most of PCK studies in the field of science teacher education (Abell, 

2008; Kind, 2009). In this model, researchers concluded that teachers have four main 

knowledge domains as subject matter knowledge (SMK), pedagogical knowledge 

(PK), knowledge of educational context and PCK (Figure 1.1). Following 

&ÙÖÚÚÔÈÕɀÚɯȹƕƝƝƔȺɯ/"*ɯÊÖÕÚÛÙÜÊÛȮɯ,ÈÎÕÜÚÚÖÕɯÌÛɯÈÓȭɯȹƕƝƝƝȺɯÈÙÎÜÌËɯÛÏÈÛɯÛÏÌɯother 

three domains of teacher knowledge form and shape PCK.  Differently, in their 

model, Magnusson and her friends included teacher beliefs in addition to teacher 

knowledgÌɯÚÐÕÊÌɯÛÏÌàɯÛÏÖÜÎÏÛɯÛÏÈÛɯÉÌÓÐÌÍÚɯÈÍÍÌÊÛɯÛÌÈÊÏÌÙÚɀɯÛÌÈÊÏÐÕÎ.  

(ÕÚ×ÐÙÌËɯÉàɯ3ÈÔÐÙɯȹƕƝƜƜȺȮɯÛÏÌàɯÐÕÊÖÙ×ÖÙÈÛÌËɯɁÒÕÖÞÓÌËÎÌɯÖÍɯÈÚÚÌÚÚÔÌÕÛɂɯÐÕɯÛÏÌÐÙɯ

PCK model. Moreover, ÛÏÌɯ ÛÌÙÔɯ ɁÊÖÕÊÌ×ÛÐon of teaching purposesɂɯ ÜÚÌËɯ Éàɯ

&ÙÖÚÚÔÈÕɯÞÈÚɯÊÏÈÕÎÌËɯÛÖɯɁÖÙÐÌÕÛÈÛÐÖÕɯÛÖɯÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎɂȭɯ Thus, in their PCK 

model for science teaching (Figure 1.2), Magnusson et al. (1990) described five 

components which are (a) knowledge of science curricula, (b) knowledge of 

ÚÛÜËÌÕÛÚɀɯ ÜÕËerstanding, (c) knowledge of assessment of scientific literacy, (d) 

knowledge of instructional strategies, and (e) orientation to teaching science. It is 

worth noting that this model also includes beliefs of teacher in each component 

along with knowledge.  Using this model as a framework, this study focused on 
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ÛÌÈÊÏÌÙÚɀɯSMK and PCK to give insights into the practical value of PCK in the topic 

of biogeochemical cycles in the context of sustainable development. 

 

Figure 1.1. Magnusson et al. (1999ȺɀÚɯModel of the Relationships among the Domains 

of Teacher Knowledge [modified from Grossman, 1990] (p. 98) 
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Figure 1.2. Magnusson et al. (1999ȺɀÚɯ/"*ɯ,ÖËÌÓɯÍÖÙɯ2ÊÐÌÕÊÌɯ3ÌÈÊÏÐÕÎ (p. 99) 
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1.1.Science Education and Education for Sustainable Development  

Since 1950s, the perennial goal of science education has been to educate learners as 

scientifically literate citizens.  Today, a number of researchers have argued that 

scientific literacy should meet the needs of the 21st century (Choi, Lee, Shin, Kim & 

Krajcik, 2011) in order to create a more sustainable world (Hodson, 2011; McFarlane, 

2011).  In the 21st century, science and technology have been progressing rapidly. 

Especially due to the environmental problems resulted by these rapid changes have 

caused individuals to ch ange their ethical and moral concerns (Karaarslan, 2016). 

Thus, many science researchers have concluded that there is a need for 

reconceptualization of science education considering the rapid changes in both 

ethical and moral concerns and, therefore, the need to emphasize sustainable 

development  (SD) issues due to the rise in environmental problems (e.g., Carter, 

2008; Colucci-Gray, Perazzone, Dodman & Camino, 2013; Feldman & Nation, 2015). 

Carter (2008), for example, asserted that the aim of the science education in 21th 

century is to help students make critical judgments about science and to improve 

their skills and knowledge in order to be responsible citizens for more sustainable 

world. In response to needs of developing societies, the science education, as a 

discipline, should equip learners with knowledge and perspectives about 

sustainable development (Feldman & Nation, 2015), improve their skills, interests 

and motivation  to take action regarding social and global problems (Tytler, 2007), 

and to change their values and attitudes to ensure a sustainable future (Stratton, 

Hagevik, Feldman & Bloom, 2015). In this regard, Science Curriculum in Turkey has 

been revised in 2013 and 2017 to integrate sustainability topics into existing 

curriculum.  Accordingly, sustainable development was listed as one of the 

components of Science -Technology- Environment - Society (STES) learning domain 

in the national science curriculum revised in 2013 (MoNE, 2013). In there, 

ÚÜÚÛÈÐÕÈÉÓÌɯËÌÝÌÓÖ×ÔÌÕÛɯËÌÍÐÕÌËɯÈÚɯȿȿËÌÝÌÓÖ×ÐÕÎɯÊÖÕÚÊiousness about using natural 

resources efficiently to meet the needs of the future generations and consider the 
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ÐÕËÐÝÐËÜÈÓȮɯ ÚÖÊÐÌÛÈÓȮɯÌÊÖÕÖÔÐÊɯ ÉÌÕÌÍÐÛÚɀɀɯ ȹ,Ö-ÌȮɯ ƖƔƕƗȺȭɯ (Õɯ ƖƔƕƛȮɯ ÈÓÛÏÖÜÎÏȮɯ 232$ɯ

learning domain is excluded from the current science curriculum,  sustainable 

development is still one of the general aims of the curriculum. In this curriculum, 

sustainable development defined by pointing out the interaction between people, 

environment and society and the awareness of the relation inside the society, 

natural resources and economy. Also, the concept of sustainable development is 

placed as one of the subtopics under the Energy Transformations and Environment 

Science of the 8th grade (MoNe , 2017).  However, changes or revisions in the 

curricula do not guarantee a solution to educational problems and to raise 

responsible citizens to build up a sustainable future. Even if the new curricula 

suggest newtopics and also new strategies and methods for teaching and 

assessment, teachers might have difficulties i n reflecting the new curriculum into 

ÛÏÌÐÙɯÛÌÈÊÏÐÕÎɂ ȹ àËċÕɯȫɯIÈÒċÙÖĀÓÜȮɯƖƔƕƔȺȭ Science education is seen as a leading 

factor to create more sustainable societies (UNCED, 1992); ÛÌÈÊÏÌÙÚɀɯÊÖÔ×ÌÛÌÕÊÐÌÚɯ

have been discussed at all levels of education programs from pre -school to higher 

education (e.g., Rieckmann, 2012; UNECE, 2011). Due to the paradigm shifts in 

perspective of science education in the 21st century mentioned above, the role of 

science teachers specifically has been a matter of debate. This means that the 

ÙÌÊÖÕÊÌ×ÛÜÈÓÐáÈÛÐÖÕɯ ÖÍɯ ÚÊÐÌÕÊÌɯ ÌËÜÊÈÛÐÖÕɯ ÙÌØÜÐÙÌÚɯ ÈÓÛÌÙÐÕÎɯ ÛÌÈÊÏÌÙÚɀɯ È××ÙÖÈÊÏÌÚɯ

related to content and PCK for teaching sustainable development issues. Therefore, 

in order to engage SD issues with every discipline from art to science and 

mathematics, teachers should possess necessary and appropriate knowledge, skills 

(especially, system thinking skills) , values and pedagogy to implement education 

for sustainable development (ESD) (McKeown and Hopkins, 2003). Therefore, 

considering the challenges as a result of the curricula revisions, the need for 

ÙÌÚÌÈÙÊÏɯÖÕɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ/"*ɯÍÖÙɯSD in the discipline of science is inevitable 

(Kadji -Beltran, Zachariou, Liarakou & Flogaitis, 2014). Regarding these 

considerations, the current research which explo res Ìß×ÌÙÐÌÕÊÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ
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SMK and PCK is supposed to provide valuable theoretical and practical information 

to the science teacher education literature in the context of ESD. 

1.2.Significance of the Study  

While PCK has been a subject of research since the 1980s, many researchers asserted 

that PCK is a topic-specific construct (Aydin, Friedrichsen, Boz, & Hanuscin, 2014; 

Cochran, King, & DeRuiter, 1993; Loughran, Mulhall, & Berry, 2004; Mavhunga, 

2014; van Driel, et al., 1998; Veal & MaKinster, 1998). However, little is known about 

how teachers develop their PCK in different topics. Therefore, the PCK literature 

has underlined that there is a need for more research on PCK construct in different 

topics in different disci plines (Abell, 2008; Aydin, 2012; Aydin, Friedrichsen, Boz, & 

Hanuscin, 2014; De Jong, et al., 2005; Loughran, et al., 2004; Magnusson, Borko, & 

Krajcik, 1994; Pitjeng-Mobasala & Rollnick, 2018; Sen, 2014; van Driel et al., 1998). In 

response to this need, the current study initially a ims to provide valuable 

ÐÕÍÖÙÔÈÛÐÖÕɯÖÕɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯÛÖ×ÐÊ-specific PCK. 

As mentioned above, previous studies in PCK literature call for more research on 

ÛÌÈÊÏÌÙÚɀɯ /"*ɯ ÚÛÙÜÊÛÜÙÌɯ ÐÕɯ ËÐÍÍÌÙÌÕÛɯ ÛÖ×ÐÊÚȭɯFurthermore, many educational 

researchers have chosen to investigate either teachersɀɯsubject matter knowledge or 

their pedagogical content knowledge separately. This research also contributed to 

/"*ɯÓÐÛÌÙÈÛÜÙÌɯÞÐÛÏɯÙÌÎÈÙËɯÛÖɯÊÖÕÚÐËÌÙɯÉÖÛÏɯÛÌÈÊÏÌÙÚɀɯSMK and PCK together. In this 

study, the transformative  model of PCK developed by Magnusson et al. (1999) was 

ÈËÖ×ÛÌËɯÛÖɯÎÈÛÏÌÙɯËÌÛÈÐÓÌËɯÐÕÍÖÙÔÈÛÐÖÕɯÖÕɯÛÏÌɯÕÈÛÜÙÌɯÖÍɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ/"*ȭɯ%ÙÖÔɯ

the perspective of this model, PCK is a new type of knowledge formed by 

conversion of subject matter knowledge (SMK), pedagogical knowledge (PK) and 

knowledge of context (KofC). As many researchers studying on PCK development 

ÏÈÝÌɯ ÌÔ×ÏÈÚÐáÌËɯ ÛÏÈÛɯ ÛÏÌÙÌɯ ÐÚɯ Èɯ ÕÌÌËɯ ÖÍɯ ÙÌÚÌÈÙÊÏɯ ÛÖɯ ÈÚÊÌÙÛÈÐÕɯ ÏÖÞɯ ÛÌÈÊÏÌÙÚɀɯ

transform SMK into their PCK within a disc ipline (Abell, 2008, Aydin, 2 012, Sen, 

2014; Magnusson et al., 1999), the current study is supposed to get valuable 
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ÐÕÍÖÙÔÈÛÐÖÕɯÖÕɯÛÌÈÊÏÌÙÚɀɯÚÜÉÚÛÈÕÛÐÝÌɯÈÕËɯÚàÕÛÈÊÛÐÊɯÚÛÙÜÊÛÜÙÌɯÖÍɯ2,*ɯÛÖɯ×ÙÖÝÐËÌɯ

ÌÝÐËÌÕÊÌɯÍÖÙɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÐÕɯÛÏÌɯËÐÚÊÐ×ÓÐÕÌɯÖÍɯÚÊÐÌÕÊÌɯÌËÜÊÈÛÐÖÕȭ  

Specifically, PCK researches on the field of science education mostly have focused 

on the chemistry topics (Aydin & Boz, 2012). Since PCK research in biology topics is 

rare (Aydemir; 2014; Aydin & Boz, 2012; Kind, 2009; Sen, 2014), the topic of 

biogeochemical cycles not studied yet in PCK literature in the context of science 

education was selected. Another significant is that  the current research aimed to 

ÐËÌÕÛÐÍàɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ /"*ɯ ÐÕɯ ÛÏÌɯ ÊÖÕÛÌßÛɯ ÖÍɯ ÌËÜÊÈÛÐÖÕɯ ÍÖÙɯ ÚÜÚÛÈÐÕÈÉÓÌɯ

development (ESD). In 2013-2014 education year, during the data collection of the 

study, the changes made for the integration of the sustainable development issues 

into the science curriculum  had not been implemented yet in the 8th grades. 

However, based on the interdisciplinary  nature of the concept of sustaianable 

development, the researcher concluded that, due to the being an environmental 

issue, the topic of biogeochemical cycles can be an important tool  for reflecting 

ÛÌÈÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍ sustainable development. It is impo rtant to highlight  

whether  sceince teachers develop their perceptions for SD in the existing subjects 

rather adding the concept as a separate subject. Therefore, based on the 

interdisciplinary nature the concept of SD, the results of the current study are 

significant due to providing valuable evidence how science teachers connect the 

biogeochemical cycles and sustainable development issues  

Researches on the transformative PCK model of Magnusson et al. (1999) have 

mostly fo cused on one or some components of PCK. However, because of the nature 

of PCK, studying only one or two components is really hard regarding the overlap 

of the components. Correspondingly, to mark off the components is difficult in 

terms of data collection, data analysis and discussion (Abell, 2008; Friedrichsen & 

Dana, 2005; Friedrichsen et al., 2010).  Especially, among the components, the 

orientation towards science teaching was the least studied one. At this point, there is 

still need more research to better understand the overarching construct of this 
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ÊÖÔ×ÖÕÌÕÛȭɯ3ÏÌÙÌÍÖÙÌȮɯÛÖɯ×ÖÙÛÙÈàɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÊÖÕÚÛÙÜÊÛɯÖÉÝÐÖÜÚÓàȮɯ

both orientations to science teaching and all components of PCK model offered by 

Magnusson et al. (1999) were examined in current research.  

In respect of the methodological approach, qualitative research was selected in this 

ÚÛÜËàɯÛÖɯÌßÈÔÐÕÌɯÛÌÈÊÏÌÙÚɀɯÛÖ×ÐÊ-specific PCK. Abell (2008) highlighted that the 

ÚÛÙÜÊÛÜÙÌɯÖÍɯ/"*ɯÏÐËËÌÕɯÐÕɯÛÌÈÊÏÌÙÚɀɯÔÐÕËɯÐÚɯÛÈÊÐÛȭɯMore recently, investig ators (Ijeh 

& Onwu, 2013; Kapyla, Heikkinen, & Asunta, 2009; Rollnick et al., 2008) have 

suggested to conduct qualitative methods through using various data sources in 

ÖÙËÌÙɯÛÖɯËÐÚÊÓÖÚÌɯÏÖÞɯÛÌÈÊÏÌÙÚɀɯ/"*ɯËÌÝÌÓÖ×ÚȭɯMcConnell et al. (2013) emphasized 

that especially interviews and lesson observations are vital to gain deep 

understanding of content knowledge and PCK structure.  Therefore, this study used 

ÔÜÓÛÐ×ÓÌɯÊÈÚÌɯÚÛÜËàɯËÌÚÐÎÕɯÛÖɯÖÉÛÈÐÕɯÙÐÊÏɯÈÕËɯËÌÌ×ɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯÛÌÈÊÏÌÙÚɀɯ/"*ɯ

by the help of the multip le data sources such as interviews, classroom observations 

with help of the video recorder , teacher documents and card-sorting activity. Thus, 

the results of the study are supposed to gather marvelous evidence in order to 

clarify the complicated construct of PCK. 

Most of the PCK studies have focused on the development of pre-ÚÌÙÝÐÊÌɯÛÌÈÊÏÌÙÚɀɯ

PCK (Loughran et al., 2004; Nilsson, 2008; Shannon, 2006; van Driel, de Jong, & 

Verloop, 2002; Zembal-Saul, Krajcik, & Bluemenfeld, 2002). However, PCK is 

developed by teachers with experiences on teaching. Therefore, expert teachers have 

more pedagogical content knowledge than less experienced ones (Abd-El-Khalick, 

ƖƔƔƚȰɯ"ÖÊÏÙÈÕɯÌÛɯÈÓȭȮɯƕƝƝƗȰɯ*å×àÓåȮɯ'ÌÐÒÒÐÕÌÕȮɯȫɯ ÚÜÕÛÈȮɯƖƔƔƜȰɯ,ÈÎÕÜÚÚÖÕɯÌÛɯÈÓȭȮɯ

1999; Shulman, 1987). Because of this reason, the current research is hoped to 

provide beneficial insights into PCK literature in terms of the PCK development of 

experienced science teachers regarding the  topic of biogeochemical cycles in the 

context of ESD.  
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In related literatur e, most studies asserted that due to the tacit nature of PCK, 

concrete examples of classroom settings that are useable and applicable in science 

teaching are difficult to find  (Hume, 2010; Mthethwa -Kunene, Onwu  & de Villiers, 

2015; Park & Chen, 2012; Rollnick et al., 2008). In this manner,  Loughran et al. (2004) 

and van Driel, Veal, and Janssen (2001) underlined the importance of the studies on 

real classroom ×ÙÈÊÛÐÊÌÚɯÖÍɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÐÕɯ×ÈÙÛÐÊÜÓÈÙɯÛÖ×ÐÊÚȭɯIn this 

regard, ESD literature has also emphasized that there is a couple of studies on 

classroom-related practice (Anyolo, 2018; Birdsall, 2015; Corney & Reid, 2007). 

Therefore, it is significant that science ÛÌÈÊÏÌÙÚɀɯ×ÙÈÊÛÐÊÌÚɯÐÕɯÈÜÛÏÌÕÛÐÊɯÊÓÈÚÚÙÖÖÔÚɯ

were focused to provid e more empirical evidence about how teachers develop their 

PCK in the context of ESD regarding biogeochemical cycles. Especially, the results 

of the study including concrete examples of real practitioners are supposed to enrich 

pre-service and other in-serÝÐÊÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÙÌ×ÌÙÛÖÐÙÌɯÖÍɯÛÌÈÊÏÐÕÎɯ×ÙÈÊÛÐÊÌÚɯÐÕɯ

the same topic providing rich and valuable data for professional development 

programs such as pre-service teacher education programs and in-service teacher 

training programs.  

1.3.Statement of the Problem  

3ÏÌɯÔÈÐÕɯÈÐÔɯÖÍɯÛÏÌɯÚÛÜËàɯÐÚɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯÌß×ÌÙÐÌÕÊÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ

PCK regarding biogeochemical cycles in the context of SD. Thus, the following 

research questions were put forward to guide the study:  

1. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÚÜÉject matter knowledge for teaching 

biogeochemical cycles in the context of sustainable development? 

1.1. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÚÜÉÚÛÈÕÛÐÝÌɯ ÒÕÖÞÓÌËÎÌɯ ÙÌÎÈÙËÐÕÎɯ

biogeochemical cycles? 

1.2. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÚàÕÛÈÊÛÐÊɯÒÕÖÞÓÌËÎÌɯÙÌÎÈÙËÐÕÎɯÕÈÛÜÙÌɯÖÍɯ

science? 

1.3. What are ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯunderstanding  of SD regarding 

biogeochemical cycles? 
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2. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

2.1. 6ÏÈÛɯÈÙÌɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÛÖɯÛÌÈÊÏÐÕÎɯÚÊÐÌÕÊÌȳɯ 

2.2. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÊÜÙÙÐÊÜÓÜÔɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

2.3. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÐÕÚÛÙÜÊÛÐÖÕÈÓɯÚÛÙÈÛÌÎÐÌÚɯÍÖÙɯ

teaching biogeochemical cycles? 

2.4. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÒÕÖÞÓÌËÎÌɯ ÖÍɯ ÚÛÜËÌÕÛÚɯ ÍÖÙɯ ÛÌÈÊÏÐng 

biogeochemical cycles? 

2.5. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÈÚÚÌÚÚÔÌÕÛɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

1.4.Definition of I mportant Terms  

Pedagogical Content Knowledge (PCK) is a new type of teacher knowledge by the 

combination of subject matter knowledge, pedagogical knowledge and knowledge 

of context type of knowledge (Magnusson et al., 1999). The authors defined PCK as: 

ȿɀȭȭȭÐÚɯÈɯÛÌÈÊÏÌÙɀÚɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯÏÖÞɯÛÖɯÏÌÓ×ɯÚÛÜËÌÕÛÚɯÜÕËÌÙÚÛÈÕËɯÚ×ÌÊÐÍÐÊɯÚÜÉÑÌÊÛɯ

matter. It includes knowledge of how p articular subject matter topics can be 

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

ÓÌÈÙÕÌÙÚȮɯÈÕËɯÛÏÌÕɯ×ÙÌÚÌÕÛÌËɯÍÖÙɯÐÕÚÛÙÜÊÛÐÖÕɯȹ×ȭƝƚȺȭɀɀ 

The pedagogical content knowledge were investigated with  the adopted model of 

PCK (Magnusson et al., 1999) ÐÕɯÛÌÙÔÚɯÖÍɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÛÖɯÚÊÐÌÕÊÌɯ

teaching, knowledge of curriculum, knowledge of instructional strategies, 

ÒÕÖÞÓÌËÎÌɯÖÍɯÚÛÜËÌÕÛÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎȮɯÈÕËɯÒÕÖÞÓÌËÎÌɯÖÍɯÈÚÚÌÚÚÔÌÕÛȭɯ 

Orientations to Science Teaching is defined  ÈÚɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÕËɯÉÌÓÐÌÍÚɯÈÉÖÜÛɯ

the goals of science teaching at a specific grade level (Magnusson et al., 1999). This 

overarching component plays a central role so it guides teachers to decide  the 

planning of instructional strategies, the content of the student assignments, the use 
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ÖÍɯÊÜÙÙÐÊÜÓÈÙɯÔÈÛÌÙÐÈÓÚɯÈÕËɯÛÌßÛÉÖÖÒÚɯÈÕËɯÛÏÌɯÌÝÈÓÜÈÛÐÖÕɯÖÍɯÚÛÜËÌÕÛÚɀɯÜÕËÌÙstanding 

(Borko & Putnam, 1996; Magnusson et al., 1999).  

Knowledge of Curriculum consists of two categories namely, knowledge of goals and 

objectives, and knowledge of specific curricular programs and materials 

(Magnusson et al., 1999).  In this study, knowledge of specific curricular programs 

was not examined because of the national curriculum in Turkey. This curriculum is 

offered by Mini stry of National Education and pursued in all elementary schools in 

the country.  

Knowledge of Instructional Strategies includes two categories: knowledge of subject-

specific strategies and knowledge of topic-specific strategies. Subject-specific 

ÚÛÙÈÛÌÎÐÌÚɯÔÌÈÕÚɯÛÌÈÊÏÌÙÚɀɯÖÝÌÙÈÓÓɯÈ××ÙÖÈÊÏÌÚɯÚ×ÌÊÐÍÐÊɯÍÖÙɯÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎȭɯThe 

strategies in this category represent the general approaches to enacting science 

instruction (Magnusson et al., 1999). In this study, teacher centered strategies and 

student centered strategies ÛÏÈÛɯ ×ÈÙÛÐÊÐ×ÈÕÛɯ ÛÌÈÊÏÌÙÚɀɯ ÏÈÕËÓÌËɯ ÛÖɯ ÛÌÈÊÏɯ ÛÏÌɯ

ÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯÊàÊÓÌÚɯÛÖ×ÐÊɯÞÈÚɯÜÚÌËɯÛÖɯÈÕÈÓàáÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞledge of subject 

specific strategies. Topic-Ú×ÌÊÐÍÐÊɯÚÛÙÈÛÌÎÐÌÚɯÙÌÍÌÙɯÛÖɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÚÛÙÈÛÌÎÐÌÚɯ

to facilitate student learning of specific science concepts. Representations and 

activities are two categories of this type of strategies (Magnusson et al., 1999). 

Knowledge of 2ÛÜËÌÕÛÚɀɯ4ÕËÌÙÚÛÈÕËÐÕÎɯmeans teacher knowledge that helps student to 

develop specific scientific knowledge. It consists of two categories: requirements for 

ÓÌÈÙÕÐÕÎɯÈÕËɯÛÏÌɯÈÙÌÈÚɯÖÍɯÚÛÜËÌÕÛÚɀɯËÐÍÍÐÊÜÓÛÐÌÚɯȹ,ÈÎÕÜÚÚÖÕɯÌÛɯÈÓȭȮɯƕƝƝ9). Knowledge 

of requirements for learning refers the knowledge about prerequisite knowledge for 

learning specific science concepts (Magnusson et al., 1999). Knowledge of areas of 

ÚÛÜËÌÕÛÚɀɯËÐÍÍÐÊÜÓÛÐÌÚɯÔÌÈÕÚɯÛÏÈÛɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯÛÏÌɯÚÊÐÌÕÊÌɯÊÖÕÊepts or 

areas that student learning is difficult.  

Knowledge of Assessment ÙÌÍÌÙÚɯÛÖɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯÛÏÌɯÞÈàÚɯÞÏÈÛɯÈÕËɯÏÖÞɯ

students learn. There are two categories which are knowledge of dimensions of 
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science learning and knowledge of methods (Magnusson et al., 1999). The category 

ÖÍɯËÐÔÌÕÚÐÖÕÚɯÖÍɯÚÊÐÌÕÊÌɯÓÌÈÙÕÐÕÎɯÐÕÊÓÜËÌÚɯÛÏÌɯÈÚ×ÌÊÛÚɯÖÍɯÚÛÜËÌÕÛÚɀɯÓÌÈÙÕÐÕÎɯÞÏÐÊÏɯ

are important to assess in the teaching of a particular topic. In the literature, the 

dimensions of science learning to assess were identified as conceptual 

understanding, interdisciplinary themes, nature of scien ce, and science process 

skills. Thus, in this study, dimensions were adopted to gather data related to 

×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯÛÏÐÚɯÛà×ÌɯÖÍɯÒÕÖÞÓÌËÎÌȭɯ3ÏÌɯÖÛÏÌÙɯÊÈÛÌÎÖÙàɯÖÍɯÒÕÖÞÓÌdge of 

assessment is the knowledge of methods of assessment. This knowledge refers to 

ÛÏÌɯÔÌÛÏÖËÚɯÛÏÈÛɯÛÌÈÊÏÌÙÚɯÌÔ×ÓÖàÌËɯÛÖɯÈÚÚÌÚÚɯÚÛÜËÌÕÛÚɀɯÚ×ÌÊÐÍÐÊɯËÐÔÌÕÚÐÖÕÚɯÖÍɯ

science learning (Magnusson et al., 1999).  

Subject Matter Knowledge (SMK) refers to elementÈÙàɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙɀÚɯ ÊÖÕÛÌÕÛɯ

knowledge consisted of substantive and syntactic structures (Schwab, 1964) in the 

topic of biogeochemical cycles. Biology has a special standing concerning teachersɀɯ

content knowledge (Abell 2007) due to being the only science subject that includes 

both substantive and syntactic structures (Schwab,1964). In this respect, substantive 

ÒÕÖÞÓÌËÎÌɯ ÙÌÍÌÙÚɯ ×ÈÙÛÐÊÐ×ÈÕÛɯ ÛÌÈÊÏÌÙÚɀɯ ÉÖÛÏɯ ÊÖÕÊÌ×ÛÜÈÓɯ ÜÕËÌÙÚÛÈÕËÐÕÎɯ ȹÉÈÚÐÊɯ

concepts & processes) and SD understanding whereas syntactic knowledge is 

×ÌÙÛÐÕÌÕÛɯÛÖɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯÕÈÛÜÙÌɯÖÍɯÚÊÐÌÕÊÌ regarding 

biogeochemical cycles. 

Sustainable Development (SD) has gained wide acceptance in the late 1980s, after its 

appearance in Our Common Future, also known as The Brundtland  Report. The 

ÙÌ×ÖÙÛɯËÌÍÐÕÌËɯÛÏÌɯÛÌÙÔɯÈÚȰɯȿȿËÌÝÌÓÖ×ÔÌÕÛɯÛÏÈÛɯÔÌÌÛÚɯÛÏÌɯÕÌÌËÚɯÖÍɯÛÏÌɯ×ÙÌÚÌÕÛɯ

without compromising the ability of future generations to meet their own needs 

(WCED, 1987, p. 41Ⱥȭɀɀ Three pillars of society, economy and environment are 

needed to consider together at the core of sustainable development.  
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Education for Sustainable Development (ESD) refers to: 

all aspects of awareness, education and training provided to enhance an 

understanding of the linkages among the issues for sustainable development and 

to develop the knowledge, skills, perspectives and values empowering students 

to make informed decisions for environmental integrity, economic viability and a 

just society for present and future generations while respecting cultural diversity  

(UNESCO, 2013b). 

Experienced Teachers are ÛÏÌɯ ×ÙÈÊÛÐÛÐÖÕÌÙÚɯ ÏÈÝÐÕÎɯ ÈÛɯ ÓÌÈÚÛɯ ÍÐÝÌɯ ÖÙɯ ÔÖÙÌɯ àÌÈÙÚɀɯ

experience in teaching. According to Berliner (2001), there is no particular time 

duration to be competent in the profession but five or more years in teaching is 

acceptable time in order to gain expertise. 
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CHAPTER 2 

 

2. LITERATURE REVIEW  

 

This chapter aims to give a glimpse of the studies that both theoretically and 

empirically lay the basis for this research. Initially, the studies regarding the 

development of PCK models in science education were reviewed. Then, considering 

science teacherÚɀɯ2,*ɯÙÌÎÈÙËÐÕÎɯÉÐÖÓÖÎàɯÛÖ×ÐÊÚȮɯPCK researches conducted in both 

Turkey and abroad w ere summarized. Finally , studies aiming  to explore science 

ÛÌÈÊÏÌÙÚɀɯ/"*ɯÍÖÙɯÉÖÛÏɯ-.2ɯÈÕËɯ$SD were examined.   

2.1. Pedagogical Content Knowledge  

2.1.1. Development of PCK  and PCK M odels in Science Education  

For more than three decades, pedagogical content knowledge (PCK) has been 

recognized as not only one of the most important components of professional 

knowledge but also one of the most complicated to understand (Gess-Newsome, 

2015; Shulman, 1987; van Driel & Berry, 2012). Scholars consistently acknowledge 

that the two essential factors to achieving good teaching are content knowledge and 

pedagogical knowledge (Shulman 1986). Furthermore, Shulman (1986, 1987) stated 

that PCK should be considered when describing and evaluating teaching expertise 

since it refers to the way the teachers link their knowledge on the topic itself with 

the pedagogical knowledge they have. 2ÏÜÓÔÈÕɀÚɯȹƕƝƜƛȺɯËÌÍÐÕÐÛÐÖÕɯÖÍɯ/"*ɯÐÚɯÈÚɯ

below:  

It represents the blending of content and pedagogy into an understanding of how 

a particular topics, problems or issues are organized, represented and adapted to 

the diverse interests and abilities of learners and presented for instruction (p.8). 
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Shulman (1987) suggested that achieving effective teaching requires different types 

of knowledge from the teacher. He categorized these knowledge types as: 1) content 

knowledge; 2) general pedagogical knowledge; 3) curriculum knowledge; 4) 

pedagogical content knowledge; 5) knowledge of the learners and their 

characteristics; 6) knowledge of educational contexts; and 7) knowledge of 

educational ends, purposes, and values with their philosophical and historical 

grounds (Shulman, 1986). Shulman's definition of PCK is distinctiv e and useful as it 

shows the researchers in this area what successful teachers know about ensuring 

and achieving student understanding.  ÍÛÌÙɯ2ÏÜÓÔÈÕɀÚɯfi rst proposal, many other 

researchers modified and reinterpreted PCK (Gess-Newsome, 2015; Grossman, 1990; 

Lederman & Gess-Newsome, 1992; Magnusson, Krajcik, & Borko, 1999; Park & 

Oliver, 2008). A paradigm shift in the field of teacher education research was 

ÖÉÚÌÙÝÌËɯÜ×ÖÕɯ2ÏÜÓÔÈÕɀÚɯËÌÍÐÕÐÛÐÖÕɯÈÕËɯÊÖÕÚÛÙÜÊÛÐÖÕɯÖÍɯ/"*ɯȹ"ÈÙÓÚÌÕȮɯƕƝƝƝȺȭ 

In the following year, Ta ÔÐÙɯȹƕƝƜƜȺɯÞÈÚɯÐÕÚ×ÐÙÌËɯÉàɯ2ÏÜÓÔÈÕɀÚɯÝÐÌÞɯÖÕɯ/"*ȮɯÈÕËɯÏÌɯ

focused on teacher knowledge. Teacher knowledge, in his view, has two basic 

components: subject matter knowledge and pedagogical knowledge. The latter 

consisted of subcategories that are general pedagogical knowledge and subject 

matter-specific pedagogical knowledge which is actually PCK. Knowledge of 

ÚÛÜËÌÕÛÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎȮɯÊÜÙÙÐÊÜÓÜÔȮɯÐÕÚÛÙÜÊÛÐÖÕÈÓɯÚÛÙÈÛÌÎàȮɯÈÕËɯÈÚÚÌÚÚÔÌÕÛɯÈÙÌɯÛÏÌɯ

components of subject matter-Ú×ÌÊÐÍÐÊɯ ×ÌËÈÎÖÎÐÊÈÓɯ ÒÕÖÞÓÌËÎÌȭɯ 3ÈÔÐÙɀÚ work 

contributed knowledge and skills for assessment to the PCK models. 

(ÕÍÓÜÌÕÊÌËɯ Éàɯ 2ÏÜÓÔÈÕɀÚɯ /"*ɯ ÊÖÕÚÛÙÜÊÛȮɯ &ÙÖÚÚÔÈÕɯ ȹƕƝƝƔȺɯ ÉÌÊÈÔÌɯ ÛÏÌɯ ÍÐÙÚÛɯ

researcher to systematize the elements of teacher knowledge. She expanded 

2ÏÜÓÔÈÕɀÚɯËÌÍÐÕÐÛÐÖÕɯÈÕËɯÚÊÏÌÔÈÛÐáÌËɯÛÏÌɯÊÖÕÚÛÐÛÜÌÕÛÚɯÖÍɯ/"*ȭɯ(ÕɯÏÌÙɯÔÖËÌÓɯȹ%ÐÎÜÙÌɯ

2.1), PCK included three main dimensions: subject matter knowledge, general 

pedagogical knowledge, and contextual knowledge. She believed that the 

mentioned types of knowledge then formed pedagogical content knowledge. For 

Grossman (1990), PCK consisted of four elements: 1) conception of teaching 
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purposes, 2) knowledge of students (their understanding or misunderstanding of a 

specific topic), 3) curricular knowledge, and 4) knowledge of instructional 

ÚÛÙÈÛÌÎÐÌÚȭɯ &ÙÖÚÚÔÈÕɯ ÊÖÕÚÐËÌÙÌËɯ ÛÏÌɯ ɁÊÖÕÊÌ×ÛÐÖÕɯ ÖÍɯ ÛÌÈÊÏÐÕÎɯ ×ÜÙ×ÖÚÌÚɂɯ ÔÖÙÌɯ

important  than other elements and labelled it as an overarching  component.  

Despite the fact that Grossman (1990) developed a transformative PCK model, her 

explanation did not mention if PCK was an active or passive process. Besides, she 

stated that the division between the PCK components was not clear.  

 

%ÐÎÜÙÌɯƖȭƕȭɯ&ÙÖÚÚÔÈÕɯȹƕƝƝƔȺɀÚɯ/"*ɯ,ÖËÌÓ (p.5) 

Adopting a constructivist view of learning, Cochran, DeRuiter, and King (1993) 

ÚÜÎÎÌÚÛÌËɯ ÛÏÈÛɯ ÛÏÌÙÌɯ ÐÚɯ Èɯ ÕÌÌËɯ ÍÖÙɯ ÈÕɯ ÈÓÛÌÙÈÛÐÖÕɯ ÖÍɯ 2ÏÜÓÔÈÕɯ ÈÕËɯ &ÙÖÚÚÔÈÕɀÚɯ

ÊÖÕÊÌ×ÛÜÈÓÐáÈÛÐÖÕɯ ÖÍɯ /"*ȭɯ 3ÏÌàɯ ×ÙÖÔÖÛÌËɯ ÛÏÌɯ ÛÌÙÔɯ Ɂ/ÌËÈÎÖÎÐÊÈÓɯ "ÖÕÛÌÕÛɯ

*ÕÖÞÐÕÎɂɯ ȹ/"*ÎȺɯ ÛÏÙÖÜÎÏɯ ÞÏÐÊÏɯ ÛÏey emphasized PCK has dynamic and 

ËÌÝÌÓÖ×ÐÕÎɯÕÈÛÜÙÌȭɯ3ÏÌàɯÊÙÐÛÐÊÐáÌËɯ2ÏÜÓÔÈÕɯȹƕƝƜƚȺɯÈÕËɯ&ÙÖÚÚÔÈÕɯȹƕƝƝƔȺɀÚɯÝÐÌÞÚɯÖÍɯ
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transformative PCK. In their perspective, PCKg was whole rather distinct and 

ËÌÝÌÓÖ×ÌËɯÚÐÔÜÓÛÈÕÌÖÜÚÓàɯÞÐÛÏɯÛÏÌɯÊÖÕÛÙÐÉÜÛÐÖÕɯÖÍɯÛÌÈÊÏÌÙɀÚɯÒÕÖÞledge in other 

four components in the teaching context. Cochran et al. (1993) emphasized the 

significance of experience when it comes to teacher knowledge. Therefore, their 

PCKg model (Figure 2.2) is reflective of the development of PCKg over time with 

experience. The model also shows that pedagogy, subject matter, student, and 

environmental contexts are the ingredients of PCKg. The developed model 

visualizes how all four components are related to each other. 

 

Figure 2.2. "ÖÊÏÙÈÕɯÌÛɯÈÓȭɯȹƕƝƝƗȺɀÚɯ/"*Îɯ,ÖËÌÓ (p. 238) 

In separate study, Veal and Makinster (1999) developed taxonomy for pedagogical 

content knowledge . For them, PCK demonstrated eight attributes that are as 

follows: context, environment, nature of science, assessment, pedagogy, curriculum, 

socio-culturalism, classroom management, knowledge of students, content 

knowledge. Due to hierarchical structure of the taxonomy (Figure 2.3), for a teacher 
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to develop a thriving PCK, content knowledge, knowledge of students, and PCK 

attributes are essential and fundamental. However, this PCK development does not 

indicate a linear progression. Rather, the researchers acknowledged that those 

ÌÓÌÔÌÕÛÚɯÈÙÌɯÐÕÛÌÙËÌ×ÌÕËÌÕÛȭɯ(ÕɯÖÛÏÌÙɯÞÖÙËÚȮɯ5ÌÈÓɯÈÕËɯ,ÈÒÐÕÚÛÌÙɀÚɯȹƕƝƝƝȺɯÛÈßÖÕÖÔàɯ

proved PCK to be a continuous journey in ad dition to showing that growth in one 

component has an impact in the overall PCK. 

Figure 2.3. Veal & Makinster (1999ȺɀÚɯ'ÐÌÙÈÙÊÏÐÊÈÓɯ,ÖËÌÓɯÖÍɯ/"* (p. 11) 
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Moreover, Veal and Makinster (1999) critized the idea of direct transformation of 

pedagogical content knowledge. They argued that since PCK was based on 

contextual settings, it could not be directly transformed; could only adapted to other 

contexts. PCK, in their definition, is to explain the content to students with the use 

of varied strategies of instruction. To further exemplify this description, V eal and 

MaKinster (1999) likened the PCK process to the translation of one language to 

another. In other words, teacher should be able to translate one language (PCK) to 

convey the message (content) to people speaking a different language (students). 

In their recent work, Park and Oliver (2008) worked on and developed Magnusson 

ÌÛɯÈÓȭɯȹƕƝƝƔȺɀÚɯÔÖËÌÓȭɯ3ÏÌÐÙɯÞÖÙÒɯÐÕÛÙÖËÜÊÌËɯÈɯÚÐßÛÏɯÊÖÔ×ÖÕÌÕÛɯÞÏÐÊÏɯÛÏÌàɯÊÈÓÓÌËɯ

ɁÛÌÈÊÏÌÙɯÌÍÍÐÊÈÊàɂȭɯ3ÏÌɯÈÜÛÏÖÙÚɯÕÈÔÌËɯÛÏÐÚɯÔÖËÌÓɯÖÍɯ/"* construction as Hexagonal 

Model (Figure 2.4). Not only the introduction of the concept of teacher efficacy but 

ÈÓÚÖɯ ÛÏÌɯ ÌÔ×ÏÈÚÐÚɯ ÖÕɯ ÙÌÍÓÌÊÛÐÖÕȮɯ ÚÛÜËÌÕÛÚɀɯ ÙÖÓÌȮɯ ÈÕËɯ ËÐÚÛÐÕÊÛÐÝÌɯ ÛÌÈÊÏÐÕÎɯ

ÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯËÐÚÛÐÕÎÜÐÚÏÌÚɯ/ÈÙÒɯÈÕËɯ.ÓÐÝÌÙɀÚɯȹƖƔƔƜȺɯÞÖÙÒɯÍÙÖÔɯÖÛÏÌÙs in this field.  

 

Figure 2.4ȭɯ/ÈÙÒɯȫɯ.ÓÐÝÌÙɯȹƖƔƔƜȺɀÚɯ'ÌßÈÎÖÕÈÓɯ,ÖËÌÓɯÖÍɯ/"* (p. 279) 
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When we look at the Hexagonal model, we see that the authors referred to two 

levels of PCK: understanding and enactment. Within the context of this model, 

uÕËÌÙÚÛÈÕËÐÕÎɯÔÌÈÕÚɯÛÏÈÛɯÛÏÌɯÛÌÈÊÏÌÙɯÙÌÊÖÎÕÐáÌÚɯÛÏÌɯÊÏÈÓÓÌÕÎÌÚȮɯÚÛÜËÌÕÛÚɀɯÕÌÌËÚɯÖÙɯ

learning difficulties, and the instruction strategies needed to explain a specific topic. 

$ÕÈÊÛÔÌÕÛȮɯÖÕɯÛÏÌɯÖÛÏÌÙɯÏÈÕËȮɯÙÌÍÌÙÚɯÛÖɯÛÏÌɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯÛÌÈÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯ

during a real teaching situation. Furthermore, placing reflection (both in and on 

action) at the heart of the model illustrates its significance within PCK. Finally, the 

model developed by Park and Oliver (2008) puts a special emphasis on the 

idiosyncrasy of PCK which is related to several factors such as distinctive 

ÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯÖÍɯÛÌÈÊÏÌÙÚɯÐÕɯÛÌÈÊÏÐÕÎȮɯÚÛÜËÌÕÛÚɀɯÛÙÈÐÛÚȮɯÈÕËɯÛÌÈÊÏÌÙÚɀɯÌß×ÌÙÐÌÕÊÌȭɯ 

Rollnick, Bennett, Rhemtula, Dharsey and Ndlovu (2008) produced their model of 

PCK (Figure 2.5) as a mixture of four domains of teacher knowledge. These are 

content knowledge, context knowledge, knowledge of students, and general 

pedagogical knowledge. According to the researchers, during practice, these 

domains trigger the development of four other domains cal ÓÌËɯ Ɂ×ÙÖËÜÊÛÚɯ ÖÍɯ

ÌËÜÊÈÛÐÖÕɂɯÞÏÐÊÏɯÈÙÌɯÊÖÕÛÌÕÛɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚȮɯÐÕÚÛÙÜÊÛÐÖÕÈÓɯÚÛÙÈÛÌÎÐÌÚɯÚ×ÌÊÐÍÐÊɯÍÖÙɯÈɯ

content, curriculum saliency, and assessment.  

 

Figure 2.5ȭɯ1ÖÓÓÕÐÊÒɯÌÛɯÈÓȭɯȹƖƔƔƜȺɀÚɯTailored PCK Model  (p. 1381) 



22 

 

 

Influenced by Cochran, DeRuiter and *ÐÕÎɯȹƕƝƝƗȺɀÚɯÛÌÈÊÏÌÙɯÒÕÖÞÓÌËÎÌɯÉÈÚÌÚȮɯÛÏÌàɯ

placed PCK at the interface between knowledge and practice. In this model, they 

also concluded that PCK had influence on manifestations in the classroom. Then, 

Davidowitz and Rollnick (2011) modified this model b àɯÐÕÊÓÜËÐÕÎɯÛÌÈÊÏÌÙÚɀɯÉÌÓÐÌÍÚȭɯ

Accordi ng to this new model (Figure 2.6), there is a reciprocal relationship between 

ÛÌÈÊÏÌÙÚɀɯÉÌÓÐÌÍÚɯÈÕËɯÛÌÈÊÏÌÙɯÒÕÖÞÓÌËÎÌɯËÖÔÈÐÕÚȭ 

 

 

Figure 2.6.  Modified Tailored PCK Model ( Davidowitz & Rollnick, 2011 , p.10) 

Finally, the latest PCK model (Gess-Newsome, 2015) was developed as a result of a 

conference held in 2012, with the aspiration to adopt a common definition of 

pedagogical content knowledge. In t his PCK Summit model (Figure 2.7), there are 

five professional knowledg e bases: 1) knowledge of assessment, 2) pedagogical 

knowledge, 3) content knowledge, 4) knowledge of students, and 5) curricular 

knowledge. There is a bivious interaction between these types of knowledge and 

topic-specific professional knowledge. Having pr ofessional knowledge means being 

knowledgeable about and proficient in instruction methods and strategies, content 

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕȭɯ(ÕɯÈËËÐÛÐÖÕɯÛÖɯÛÏÌÚÌȮɯÛÏÌɯÛÌÈÊÏÌÙɯÐÚɯÌß×ÌÊÛÌËɯÛÖɯÒÕÖÞɯÈÉÖÜÛɯÚÛÜËÌÕÛÚɀɯ

potential misconceptions and challenges, dispositions as well as scientific methods 
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ÈÕËɯÈ××ÓÐÊÈÛÐÖÕÚȭɯ.ÕɯÛÏÌɯÖÛÏÌÙɯÏÈÕËȮɯÛÌÈÊÏÌÙÚɀɯÉÌÓÐÌÍÚȮɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÌËÜÊÈÛÐÖÕȮɯÈÕËɯ

ÛÌÈÊÏÐÕÎɯÖÙÐÌÕÛÈÛÐÖÕɯÈÓÓɯÈÊÛɯÈÚɯÍÐÓÛÌÙÚɯÐÕɯÚÏÈ×ÐÕÎɯÛÌÈÊÏÌÙɀÚɯ×ÙÖÍÌÚÚÐÖÕÈÓɯÒÕÖÞÓÌËÎÌȭɯ

Only then this specific knowledge can be reconstructed to achieve a personal PCK 

through classroom context during the practice. The process of developing 

knowledge continues after it is applied in classroom context where it is subjected to 

ÚÛÜËÌÕÛÚɀɯ ÉÌÓÐÌÍÚȮɯ ÉÌÏÈÝÐÖÙȮɯ ÈÕËɯ ÌßÐÚÛÐÕÎɯ ÒÕÖÞÓÌËÎÌɯ ÈÉÖÜÛɯ ÛÏÌɯ ÛÖ×ÐÊȭɯ 2ÛÜdent 

ÖÜÛÊÖÔÌÚɯÊÈÕɯÉÌɯÜÚÌËɯÛÖɯÌÝÈÓÜÈÛÌɯÛÌÈÊÏÌÙɀÚɯ×ÙÖÍÌÚÚÐÖÕÈÓɯÒÕÖÞÓÌËÎÌɯÖÕɯÛÏÌɯÛÖ×ÐÊɯ

ÚÐÕÊÌɯÛÏÌàɯÈÍÍÌÊÛɯÛÌÈÊÏÌÙÚɀɯ×ÌÙÚÖÕÈÓɯ/"*ɯÈÊÏÐÌÝÌËɯÛÏÙÖÜÎÏɯ×ÙÈÊÛÐÊÌɯÐÕɯÛÏÌɯÊÓÈÚÚÙÖÖÔɯ

and the topic-specific professional knowledge. 

 

 

Figure 2.7. Consensus Model of PCK (Gess-Newsome, 2015) 
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As can be seen, in PCK literature, there are many definitions and models of 

pedagogical content knowledge. Gess-Newsome (1999) examined PCK in two 

categories as integrative and transformative (Figure 2.8). In integrative understanding 

of PCK, it is viewed as a combination of different factors as pedagogical knowledge 

and subject matter knowledge in addition to context knowledge. In other words,  

PCK is not a new or separate domain of knowledge in integrative model. This 

model is also adopted by Cochran et al. (1993) and Veal and MaKinster (1999). Kind 

(2009) concluded that due to the lack of interaction among the components, 

integrative models did not have explanatory power. On the other hand, the 

transformative model (Figure 2.10) indica tes that PCK is the blend of pedagogical 

knowledge, subject matter knowledge, and context knowledge. Unlike the 

integrative model, PCK construct here is regarded a special type of knowledge. 

According to Kind (2009), transformative models have an important  mechanism 

showing the influence of SMK on PCK for teaching particular topics. Models 

developed by Magnusson et al. (1999), Grossman (1990), and Shulman (1986, 1987) 

are as well transformative models.  

 

  

Figure 2.8. Integrative and Transformative Mo dels of PCK (Gess-Newsome, 1999, p. 

12) 
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After examining the PCK development literature, it is observed that the process of 

teaching is complex, fuzzy and difficult to understand. Hence, most of educational 

researches have tried to bring forth different solutions in order to clarify the concept 

of teaching. With an aim to increase the quality of teaching, the researchers, 

therefore, proposed distinct PCK models having different views of PCK.  However, 

among models of PCK, there are some common components such as pedagogical 

knowledge, subject matter knowledge, and context knowledge. Additionally, there 

ÞÈÚɯÈɯÊÖÕÚÌÕÚÜÚɯÙÌÎÈÙËÐÕÎɯÛÏÌɯÛÌÈÊÏÌÙɀÚɯÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÚɯÞÌÓÓɯÈÚɯ

difficulties and challenges experienced by students (Van Driel et al., 1998). 

Furthermore, studies on PCK suggest that there is still a need for more research the 

components of PCK so as to clarify the interaction between such.  

As a result, even though the definition of PCK has fuzzy meaning, and proposed 

models have missing pieces in PCK paradigm, PCK construct is an effective tool for 

understanding the nature of teaching and teacher knowledge (Gess-Newsome, 

1999). 

2.1.2. Studies on PCK of Science Teachers 

In PCK literature, there has been various studies focusing on the disciplines of 

chemistry ȹ àËÌÕÐáɯȫɯ*ċÙÉÜÓÜÛȮɯƖƔƕƘȰɯ àËÐn, 2012; Clermont et, al., 1993; Drechsler 

& van Driel, 2008; Geddis et al., 1993; Hanuscin et al., 2018; Hume, 2010; xzden, 

2008; Padilla et al., 2008; Rollnick et al., 2008; Usak, Ozden & Eilks, 2011; van Driel et 

al., 1998)  and physics (Berg & Brouwer, 1991; Halim & Meerah, 2002; Juhler, 2016; 

Karal & Alev, 2016; Magnusson et al., 1994; Magnusson et al., 1999; ,ÌÓÖȮɯ"ÈęÈËÈɯȫɯ

Mellado, 2017;  Nurmatin & Rustaman, 2016)  in the different contexts. However , as 

ÛÏÌɯÚÊÖ×ÌɯÖÍɯÛÏÌɯÚÛÜËàɯÞÈÚɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÈÕËɯ

subject matter knowledge in the field of biogeochemical cycles, both foreign and 

national PCK studies conducted with either biology teachers or science teachers 

teaching biological topics were mostly reviewed in this section.  
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2.1.2.1. Studies on 2ÊÐÌÕÊÌɯ3ÌÈÊÏÌÙÚɀɯ/"*ɯÖÕ Biology Topics   

Researchers explored the construction and development of PCK in teaching biology 

topics using two different approaches (Mthethwa -Kunene, Onwu & Villiers, 2015). 

3ÏÌɯÍÐÙÚÛɯÈ××ÙÖÈÊÏɯÐÕÊÓÜËÌËɯÓÖÕÎÐÛÜËÐÕÈÓɯÚÛÜËÐÌÚɯÞÐÛÏɯÈÕɯÈÐÔɯÛÖɯÐÕÊÙÌÈÚÌɯÛÌÈÊÏÌÙÚɀɯ

knowledge by employing certain experimental interventions as part of professional 

development programs such as training courses or workshops (Arzi & Whi te, 2008; 

Brown et al., 2013; Friedrichsen et al., 2007; Gess-Newsome et al., 2017; Henze et al., 

2008; Lee & Luft, 2008). The second approach focused on investigating what 

teachers know about teaching particular topics. This approach applied qualitative 

methods to gather data (Mthethwa -Kunene, Onwu & Villiers, 2015; Friedrichsen & 

Dana, 2005; Kapyla, Heikkenen & Asunta, 2009; Lankford, 2010). By focusing on the 

nature of topic -specific PCK, the components of PCK and PCK development in 

biology topics,  this section explores in detail such PCK studies which were 

conducted with science teachers.  

Brown, Friedrichsen and Abell (2013) conducted an analysis on 4 pre-service 

biology teachers by using a longitudinal approach to study their level of 

pedagogical content knowledge. Throughout the analysis, their main focus was on 

orientation toward science, knowledge of instructional sequence, and knowledge of 

student. By making use of a teacher certification program, researchers analyzed the 

development in the pre -ÚÌÙÝÐÊÌɯ ÉÐÖÓÖÎàɯ ÛÌÈÊÏÌÙÚɀɯ ÒÕÖÞÓÌËÎÌɯ ÈÚɯ ÛÏÌàɯ ÎÈÐÕÌËɯ

experience over time. Data sources for the research included written account of 

ÐÕÛÌÙÝÐÌÞÚɯÞÐÛÏɯÛÌÈÊÏÌÙÚȮɯÛÌÈÊÏÌÙÚɀɯÓÌÚÚÖÕɯ×ÓÈÕÚȮɯÛÏÌÐÙɯÍÐÌÓËɯÕÖÛÌÚɯÈÚɯÞÌÓÓɯÈÚɯÛÏÌɯ

materials they produced for in -class use. The study showed K-16 experience and 

educational background to be the two factors having an impact on the orientations 

ÖÍɯ ÍÜÛÜÙÌɯ ÛÌÈÊÏÌÙÚɀɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÐÕÎȭɯ 3ÏÌɯ ÙÌÚÌÈÙÊÏɯ ÈÓÚÖɯ ËÌÔÖÕÚÛÙÈÛÌËɯ ÛÏÌÚÌɯ

orientations to be remarkably resistant to change over time. The teachers were 

found to believe that teaching is conveying the information to the student and in 

return, the student is expected to just listen to the teacher. On the other hand, 



27 

 

 

ÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÓÌÈÙÕÌÙɯËÌÝÌÓÖ×ÌËɯÛÖɯÚome extent over time. To illustrate this 

ÍÐÕËÐÕÎȮɯÛÌÈÊÏÌÙÚɯÏÈËɯÓÐÛÛÓÌɯÈÞÈÙÌÕÌÚÚɯÈÕËɯÒÕÖÞÓÌËÎÌɯÈÚɯÛÖɯÛÏÌɯÚÛÜËÌÕÛÚɀɯÊÏÈÓÓÌÕÎÌÚɯ

at the beginning; however, their understanding increased throughout the 

certification program. Lastly, the teachers began with conv eying information as they 

believed students would not be able to grasp the knowledge without the help of 

ÛÌÈÊÏÌÙÚȭɯ ÚɯÈɯÙÌÚÜÓÛȮɯÛÌÈÊÏÌÙÚɯÊÖÜÓËÕɀÛɯÍÖÓÓÖÞɯÛÏÌɯƙ$ɯÓÌÈÙÕÐÕÎɯÊàÊÓÌɯÚÛÌ×ɯÉàɯÚÛÌ×ȭɯ8ÌÛȮɯ

using different activities and instructional strategies, they demonstrated 

transformation in that regard as they gained more experience. To sum up, the 

research revealed that prospective biology teachers developed their knowledge on 

instructional strategies and learner to a certain degree, and in parallel to each other. 

1ÌÚÜÓÛÐÕÎɯÍÙÖÔɯÛÏÌÐÙɯÞÐÓÓÐÕÎÕÌÚÚɯÛÖɯÙÌÚ×ÖÕËɯÛÖɯÚÛÜËÌÕÛÚɀɯÌß×ÌÊÛÈÛÐÖÕÚɯÈÕËɯÍÈÊÐÓÐÛÈÛÌɯ

learning process, teachers improved themselves in terms of instructional strategy. 

The science teaching orientation of pre-service teachers was found to be in harmony 

with the other two components as well as having an impact on those. 

There was another study by Friedrichsen, Lankford , Brown , Pareja, Volkmann and 

Abell (2007). The researchers benefited from an alternative certification program 

(ACP) to examine the differences between teacher with and without teaching 

experience. The participants of the ACP consisted of four biology teachers and two 

of them did not have experience in teaching while the other two worked as biology 

teachers for two years. For data collection purposes, researchers made use of Lesson 

Preparation Method. The participants were requested to write their own lesson 

×ÓÈÕÚɯÍÖÙɯÛÏÌɯÛÌÈÊÏÐÕÎɯÖÍɯÛÏÌɯÊÖÕÊÌ×ÛɯÖÍɯÏÌÙÐÛÈÉÓÌɯÝÈÙÐÈÛÐÖÕȭɯ/ÈÙÛÐÊÐ×ÈÕÛÚɀɯÓÌÚÚÖÕ plans 

were used as primary data sources in addition to transcription of follow ɪup 

interviews. As a result, it was seen that both experienced and inexperienced 

ÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕɯÛÖɯÛÌÈÊÏÐÕÎɯÞÈÚɯËÐËÈÊÛÐÊɯÈÕËɯÛÏÌàɯ×ÙÌ×ÈÙÌËɯÐËÌÕÛÐÊÈÓɯÓÌÚÚÖÕɯ

plans. Not possessing pedagogical content knowledge in the field of heritable 

variation, all participants relied on and benefited from their general pedagogical 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Abell%2C+Sandra+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pareja%2C+Enrique+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Volkmann%2C+Mark+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Volkmann%2C+Mark+J
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knowledge. To sum up, it can be said that teaching experience does not make a 

considerable difference but it facilitates the synthesis of pedagogical components.  

Concerning the implementation of new curriculum,  in their longitudinal study, 

Henze et al. (2008) investigated PCK of nine science teachers who had teaching 

experience. The teachers were expected to teach about solar system and the universe 

(two models). While they had teaching experience, the application  of the recent 

science curriculum  was somehow new to them. The teachers worked on 

development of PCK with an emphasis on instruction methods and strategies, 

understanding of students, assessment methods, goals and objectives of the subject 

within the new c urriculum. Data were collected through semi -structured interviews 

for three consecutive years. Upon the analysis of collected data, it was seen that 

those teachers had two different PCK forms: 1) type A PCK where the focus was on 

the content of the topic; and 2) type B PCK was interested in the content of the topic 

in addition to developing models in science. At the core of type A PCK was the 

knowledge about instruction methods and strategies while the periphery consisted 

of knowledge about understanding of  students, assessment methods, goals and 

objectives of the subject. There were some similarities between type A and B PCK. It 

was observed that knowledge about goals and instruction methods was in harmony 

with each other. In both types, knowledge about goa ls and objectives did not show 

any sign of change. It is also worth noting that when teachers were more aware of 

ÚÛÜËÌÕÛÚɀɯÊÏÈÓÓÌÕÎÌÚɯÈÕËɯÒÕÖÞÓÌËÎÌÈÉÓÌɯÈÉÖÜÛɯÛÏÌɯÚÜÉÑÌÊÛɯÔÈÛÛÌÙȮɯÛÏÌàɯËÌÝÌÓÖ×ÌËɯ

and used instruction strategies in a more effective way. The teachers benefited from 

exam papers to renew their understanding of and knowledge about their students 

as they provided an up -to-ËÈÛÌɯÙÌ×ÖÙÛɯÖÍɯÚÛÜËÌÕÛÚɀɯËÐÍÍÐÊÜÓÛÐÌÚȮɯÔÐÚÜÕËÌÙÚÛÈÕËÐÕÎÚȮɯ

and challenges. Therefore, it can be said that there was a correspondence between 

knowledge of students and assessment. Lastly, there was a relation among 

knowledge of assessment and instruction methods as the teachers had the 

opportunity to assess the student in the exams after teaching them the content of 
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subject matter. However, considering the development of PCK, type A and B PCKs 

have their own characteristics, and their subcomponents interact with each other in 

their own way. At this point, it should be noted that authors believed that 

pedagogical knowledge as well as teÈÊÏÌÙÚɀɯÉÌÓÐÌÍɯÏÈÝÌɯÈÕɯÐÔ×ÈÊÛɯÐÕɯÚÏÈ×ÐÕÎɯ/"*ȭɯ

For example, it can be argued that if a teacher lacks SMK and has a positivist 

approach to the models of universe and solar system, they may develop type A 

PCK. On the other hand, teachers with sufficient SMK and a relativist approach to 

the models may develop type B PCK. The last thing to note is the unsynchronized 

development of subcomponents of PCK. While there was a considerable 

improvement in one component, there was little in another.  

Arzi and  White (2007ȺɀÚɯÓÖÕÎÐÛÜËÐÕÈÓɯÚÛÜËàɯÞÈÚɯÈɯÓÖÕÎ-term research to investigate 

how ÛÌÈÊÏÌÙɀÚɯÚÜÉÑÌÊÛɯÔÈÛÛÌÙɯÒÕÖÞÓÌËÎÌɯÌÝÖÓÝÌËɯÖÝÌÙɯÛÏÌɯàÌÈÙÚɯÈÚɯÛÏÌàɯÎÈÐÕÌËɯ

teaching experience. The study was conducted with secondary school science 

teachers for 17 years in Australia. The research employed one-to-one interviews 

with teachers with the use of concept profiles method to examine any change in 

subject matter knowledge. It was detected that although the general knowledge is 

kept in memory, the details fade away if not used or revi sed. Teachers 

demonstrated a progress in their understanding of structure. It was observed that 

what teachers know about and how interested they are in their field of study makes 

a critical contribution to their development. On the contrary, they are more likely to 

have shortcomings in other topics. Within the scope of this research, the curriculum 

presented to the teachers works as the sole most important factor that is used to 

measure knowledge of teachers. As a result of this study, the researchers suggested 

ÈɯÔÖËÌÓɯÞÏÐÊÏɯÚÏÖÞÚɯÛÏÌɯÎÙÖÞÛÏɯÖÍɯÛÌÈÊÏÌÙɀÚɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÐÕɯÛÏÙÌÌɯÚÛÈÎÌÚȭɯ

These stages are 1) academic details acquisition, 2) curricular aggregation, and 3) 

intra - and inter -disciplinary linking and pattern construction.  

Orientation to science ÛÌÈÊÏÐÕÎɯ ÏÈÚɯ ×ÐÝÖÛÈÓɯ ×ÖÚÐÛÐÖÕɯ ÞÏÌÕɯ ÎÙÖÞÛÏɯ ÐÕɯ ÛÌÈÊÏÌÙÚɀɯ

pedagogical content knowledge is considered. To examine this further, Friedrichsen 
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& Dana (2005) conducted a research with four experienced and respected biology 

teachers. The collection of data was made through card -sorting method, interviews, 

and observation in classroom environment. The study demonstrated the complex 

character of teacher orientation through the use of various central and peripheral 

goals. Within the frame of the research, central goals were defined as main factors 

ÊÖÕÛÙÖÓÓÐÕÎɯ ÛÌÈÊÏÌÙÚɀɯ ÛÌÈÊÏÐÕÎɯ ÈÚɯ ÞÌÓÓɯ ÈÚɯ ÛÏÌÐÙɯ ËÌÊÐÚÐÖÕÚɯ ÈÉÖÜÛɯteaching act. 

Peripheral goals, on the other hand, are less influencing on teaching act. The 

ÙÌÚÌÈÙÊÏɯÙÌÝÌÈÓÌËɯ ÛÏÈÛɯÛÌÈÊÏÌÙÚɀɯ ÖÙÐÌÕÛÈÛÐÖÕÚɯÞÌÙÌɯ ËÐÍÍÌÙÌÕÛɯ ÍÖÙɯÌÈch individual 

course. The goals within the scope of this study were categorized as affective, 

schooling, and subject matter goals. Developing a positive stance to science and 

being curious or self-confident were included within affective goals which meant 

that these were of priority and concern for teachers. Schooling goals were preparing 

students for college or life. When subject matter goals were concerned, the 

researchers found that they were always present; however, they were not the sole 

and key goals for teachers. As a result, it was emphasized that the character of 

ÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÐÚɯËàÕÈÔÐÊɯÈÕËɯÛÐÔÌ-bound. Finally, Friedrichsen and Dana 

ȹƖƔƔƙȺɯÚÛÈÛÌËɯÛÏÈÛɯËÜÌɯÛÖɯÛÏÌÐÙɯÊÖÔ×ÓÌßɯÊÏÈÙÈÊÛÌÙȮɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÚÏÖÜÓËɯÕÖÛɯ

and cannot be constrained to a single orientation. 

(ÕɯÖÙËÌÙɯÛÖɯÌßÈÔÐÕÌɯÉÐÖÓÖÎàɯÛÌÈÊÏÌÙÚɀɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌȮɯ+ÈÕÒÍÖÙËɯ

(2010) carried out a research with six biology teachers who had experience in 

teaching. The subjects selected for the scope of the study were diffusion and 

osmosis. It was observed that five teachers held a constructivist orientation which 

ÈÊÒÕÖÞÓÌËÎÌÚɯÛÏÌɯÐÔ×ÖÙÛÈÕÊÌɯÖÍɯÚÛÜËÌÕÛÚɀɯÈÊÛÐÝÌɯ×ÈÙÛÐÊÐ×ÈÛÐÖÕɯÐÕɯÛÏÌɯ×ÙÖÊÌÚÚɯÖÍɯ

learning and knowledge construction. On the other hand, one of the teachers had 

knowle dge transmission orientation in which teachers see themselves as conveyor 

ÖÍɯÛÏÌɯÒÕÖÞÓÌËÎÌɯÛÖɯÚÛÜËÌÕÛÚȭɯ ÕÈÓàáÐÕÎɯÛÏÌɯÍÈÊÛÖÙÚɯÛÏÈÛɯÏÈÝÌɯÈÕɯÐÔ×ÈÊÛɯÖÕɯÛÌÈÊÏÌÙÚɀɯ

ÖÙÐÌÕÛÈÛÐÖÕÚȮɯ +ÈÕÒÍÖÙËɯ ȹƖƔƕƔȺɯ ËÐÚÊÖÝÌÙÌËɯ ÛÏÈÛɯ ÛÌÈÊÏÌÙÚɀɯ ÛÌÈÊÏÐÕÎɯ Ìß×ÌÙÐÌÕÊÌȮɯ

participation in pro fessional development activities and interaction with their 
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colleagues were among the influencers. The teachers who had constructivist 

orientation implicitly followed 5E instructional model to teach the selected topics. In 

terms of sequence in teaching, all teachers taught first diffusion and then osmosis. 

When they had to use images to teach, it was observed that all teachers began with 

simple images and then moved on to more complex ones. Teachers identified 

possible challenges for students in using topic-specific terminology, understanding 

the images for the molecular level activities, and knowing the direction of water 

ËÜÙÐÕÎɯÖÚÔÖÚÐÚȭɯ!ÌÐÕÎɯÈÉÓÌɯÛÖɯÐËÌÕÛÐÍàɯÚÛÜËÌÕÛÚɀɯÊÏÈÓÓÌÕÎÌÚɯÈÕËɯÔÐÚÊÖÕÊÌ×ÛÐÖÕÚɯ

helped teachers in determining which instruction method to  use. With regards to 

assessment, teachers asked questions to get their ideas and opinions about the topic 

ÈÕËɯÛÏÐÚɯÊÖÕÛÙÐÉÜÛÌËɯÛÖɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯÛÏÌÐÙɯÚÛÜËÌÕÛÚȭɯ2ÖɯÒÕÖÞÐÕÎɯÕÖÛɯ

only their challenges but also their primary knowledge further suppo rted teachers 

in choosing their teaching strategies. For example, teachers used analogies and 

ÈÕÐÔÈÛÌËɯÝÐËÌÖÚɯÈÉÖÜÛɯÛÏÌɯÛÖ×ÐÊɯȹÐȭÌȭɯËÐÍÍÜÚÐÖÕɯÈÕËɯÖÚÔÖÚÐÚȺɯÛÖɯÍÈÊÐÓÐÛÈÛÌɯÚÛÜËÌÕÛÚɀɯ

learning. It was observed that sometimes teachers shared extra information 

although the teaching goals and objectives were defined by the state. Lastly, the 

researcher found that teachers referred to previous subjects to make the current 

topic more understandable to the students.   

With an aim to compare teachers who had different  levels of content knowledge, 

Ka×àÓÈȮɯ'ÌÐÒÒÌÕÌÕɯÈÕËɯ ÚÜÕÛÈɯȹƖƔƔƝȺɯÌß×ÓÖÙÌËɯÛÞÖɯËÐÍÍÌÙÌÕÛɯÎÙÖÜ×ÚɯÖÍɯÛÌÈÊÏÌÙÚɀɯ

content knowledge and pedagogical content knowledge and their relationship with 

each other. The first group was pre-service biology teachers while the second was 

pre-service primary school teachers. The concerned topics within this study were 

photosynthesis and plant growth. The experts in this topic were pre -service biology 

teachers whereas pre-service primary school teachers were considered beginners. 

The main elements addressed in this study were knowledge of instruction 

strategies, knowledge of students (conceptual challenges), knowledge of 

ÊÜÙÙÐÊÜÓÜÔȮɯ ÈÕËɯ ÛÌÈÊÏÌÙÚɀɯ ÖÙÐÌÕÛÈÛÐÖÕɯ ÛÖɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÐÕÎȭɯ 3ÏÌɯ ÙÌÚÌÈÙÊÏɯ ÞÈÚɯ
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performed in Finland (Jyvaskyla)  with 10 teachers in each group. Lesson plans, 

interviews with teachers, and surveys were used to collect data. Upon the analysis 

of the data, pre-ÚÌÙÝÐÊÌɯÉÐÖÓÖÎàɯÛÌÈÊÏÌÙÚɯÏÈËɯÔÖÙÌɯÈÞÈÙÌÕÌÚÚɯÈÉÖÜÛɯÛÏÌÐÙɯÚÛÜËÌÕÛÚɀɯ

challenges and misconceptions regarding the selected topics while pre-service 

primary school teachers had no awareness. The researchers found pre-service 

biology teachers to be more informed about the topics while insufficiency in 

knowledge about the selected topics was discovered in pre-service primary school 

teachers. Related to their knowledge of curriculum, pre -service biology teachers 

were able to differentiate which concept was more important. In terms of instruction 

strategies, pre-service primary school teachers benefited from activities that need 

the students to be more creative in their thinking while pre -service biology teachers 

used activities focusing directly on the teaching of the topic itself. It was observed 

that each group needed to improve themselves regarding experiments. The 

researchers argued the two groups of teacher both lacked knowledge of instruction 

strategies so there may be no relation between knowledge about content and 

instruction strategies. Therefore, they suggested that PCK should be included in all 

training programs ÍÖÙɯÛÌÈÊÏÌÙÚȭɯ1ÌÎÈÙËÐÕÎɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕɯÛÖɯÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎȮɯ

there was a difference between the two groups of teachers. Pre-service primary 

school teachers put students at the center of the lesson while pre-service biology 

teachers were teacher-centered and held di dactic lessons as in Magnusson et. al. 

(1999)ɀÚɯmodel of PCK. As a result, the researchers discovered that possessing better 

knowledge of content brings better knowledge of students and curriculum. Yet, 

those teachers with better knowledge of content hold teacher-centered approach to 

their lessons and convey the information in a didactic way. According to the 

ÙÌÚÌÈÙÊÏÌÙÚȮɯ ÛÏÐÚɯ ËÌÔÖÕÚÛÙÈÛÌÚɯ ÛÏÈÛɯ ÛÏÌɯ ÛÌÈÊÏÌÙÚɀɯ ÒÕÖÞÓÌËÎÌɯ ÈÉÖÜÛɯ ÐÕÚÛÙÜÊÛÐÖÕɯ

strategies as well as the orientations to science teaching is inadequate. To sum up, it 

can be said that the findings of this research partly is in support of the argument 

that the level of knowledge of content directly affects the level of pedagogical 

content knowledge. 
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Again, in their qualitative study, Mtheth wa-Kunene, Onwu and de Villiers (2015) 

explored the pedagogical content knowledge (PCK) and its development of four 

experienced biology teachers (Grade 11-12) in the context of teaching school 

genetics. The study used a qualitative research approach within  an interpretive 

paradigm involving multiple -case study method. The researchers used knowledge 

of content, knowledge of students, and pedagogical knowledge to define PCK. This 

qualitative research used as data sources the concept maps prepared by teachers, 

interviews with teachers before and after lessons, video records of the lessons, 

ÚÜÙÝÌàÚɯÍÖÙɯÛÌÈÊÏÌÙÚɯÈÍÛÌÙɯÓÌÚÚÖÕÚȮɯÚÛÜËÌÕÛÚɀɯÞÖÙÒɯÚÈÔ×ÓÌÚɯÈÚɯÞÌÓÓɯÈÚɯÑÖÜÙÕÈÓÚɯÞÙÐÛÛÌÕɯ

by teachers. The study revealed that the teachers had the required content 

knowledge in  genetics. They applied diverse instruction al strategies specific to the 

relevant topic. The topic-spesific strategies included analogies, illustrations, and 

peer teaching. The teachers did not, however, implement strategies to support 

students to visualiz e or internalize  the topic. Lastly, the study demonstrated that the 

×ÈÙÛÐÊÐ×ÈÕÛÚɯ ÞÌÙÌɯ ÜÕÈÞÈÙÌɯ ÖÍɯ ÛÏÌÐÙɯ ÚÛÜËÌÕÛÚɀɯ ÔÐÚÊÖÕÊÌ×ÛÐÖÕÚɯ ÖÙɯ ÊÏÈÓÓÌÕÎÌÚɯ

regarding genetics.  

Area of expertise was another element explored in PCK studies. Comparative 

studies on biology  ÛÌÈÊÏÌÙÚɀɯ/"*ɯÐÕɯÉÖÛÏɯÛÏÌÐÙɯÔÈÑÖÙɯÈÕËɯÕÖÕ-major topics were 

conducted by researchers. Sanders, Borko, and Lockard (1993) examined three 

science teachers in terms of their planning, teaching and reflecting in their major 

and non-major fields. The teachers had three to eight years of experience in their 

major field while in their non -major, they had one or two times experience. When 

teaching in their major area, their teaching experience constituted the primary 

source with extra and repetitive revisions ever y school year. It was observed that 

they possessed a solid knowledge of students and the learning environment (i.e. 

classroom). On the other hand, the researchers discovered a disparity between 

planning, teaching and reflection. The teachers expressed that in their major area 

they found it easy to adjust the sequence of lesson considering the challenges or 
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demands of students. There was also a difference in applying the instruction 

methods in their major and non -major fields. While in their major fields the  teachers 

possessed a large number of materials and activities and they were good at 

planning for their lesson, they needed improvement in planning in their non -major 

area. The teachers faced challenges in identifying key concepts to teach, the 

appropriate  activities for the lesson, the instruction method, and learning goals 

when they had deficiencies in SMK. The teachers lacked adequate pedagogical 

knowledge in teaching in their non -specialization area. An example of this was the 

failure to estimate the length of an activity which caused them to prepare 

unnecessary activities. When PCK was considered, the participants were insufficient 

in knowledge of students as well as instruction strategies in their non -major fields. 

Another difference was observed when their way of teaching was examined. They 

were unable to adopt a student-centered approach while teaching in their non -major 

field. They were challenged to focus on questions from students in their non -major 

area. They did not feel comfortable to make their own definitions for the terms they 

need to explain in their non -major area; instead, they focused on delivering the 

descriptions from written sources. Another finding of the study was the poor ability 

of the teachers to manage the classroom during lessons in their non -major field. The 

researchers observed differences in reflection as well. Whereas the teachers were 

ÊÖÕÊÌÙÕÌËɯÈÉÖÜÛɯÚÛÜËÌÕÛÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÈÕËɯÛÏÌÐÙɯÊÏÈÓÓÌÕÎÌÚɯÐÕɯÛÏÌɯÔÈÑÖÙɯÍÐÌÓËȮɯ

teaching process was their main focus in the non-major field. As a result of the 

study, the researchers argue that planning and teaching were facilitated by mainly 

×ÌËÈÎÖÎÐÊÈÓɯÒÕÖÞÓÌËÎÌɯÐÍɯÛÏÌɯÛÌÈÊÏÌÙɀÚɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÐÚɯÐÕÚÜÍÍÐÊÐÌÕÛɯÐÕɯÛÏÌɯ

beginning; and then, over time they improve and internalize content knowle dge.  

 ÕÖÛÏÌÙɯÚÛÜËàɯÖÕɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÐÕɯ×ÓÈÕÕÐÕÎɯÍÖÙɯÛÏÌÐÙɯÔÈÑÖÙɯÈÕËɯÕÖÕ-major 

fields was conducted by Ingber (2009). Six teachers participated in the study which, 

in particular, examined how they planned for the lesson, what resources they used, 

and which instruction methods they employed. Questionnaires and think -aloud 
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method were data collection tools for this study. The researcher found the 

participants to be more qualified in using the terminology within their field of 

expertise while planning.  Additionally, they were able to describe more concepts. In 

terms of resources, when planning for their major area, they demonstrated a better 

knowledge on what to use for better teaching and increased SMK. Surprisingly, the 

results of this study did not s how a significant relation between area of expertise 

and use of instruction methods. Ingber (2009) declared that the latter was teacher-

specific. 

Chan and Yung (2018) also studied the impact of teaching experience on the 

development of PCK. They explored the approach to teaching a new concept 

(polymerase chain reaction) and development of PCK in planning, teaching, and 

reflection steps. Two high school biology teachers with teaching experience 

participated in the study. The researchers benefited from semi-structured interviews 

with teachers, field notes, and in-class observations. The results of the study showed 

that prior teaching experience affected the planning for the new concept but it did 

not necessarily facilitate the development of PCK. Therefore, the researchers argued 

that there are two categories of teachers with experience. The first group of teachers 

is able to benefit from their prior experience for the purpose of new PCK 

development. The second group, however, fails to do the same. The difference 

between the groups results from their inclination to have the mentality to make use 

of the current SMK for the purpose of new PCK development. Chan and Yung 

(2018) suggest that training programs for teachers should support them in 

developing this inclin ation.  

(Õɯ ÛÏÌɯ ÈÉÖÝÌÔÌÕÛÐÖÕÌËɯ ÚÛÜËÐÌÚȮɯ ÛÌÈÊÏÌÙÚɀɯ /"*ɯ ÞÌÙÌɯ ÈÓÞÈàÚɯ ÈÕÈÓàáÌËɯ ÛÏÙÖÜÎÏɯ

ØÜÈÓÐÛÈÛÐÝÌɯÈ××ÙÖÈÊÏÌÚȭɯ3ÏÌÙÌɯÈÙÌɯÈÓÚÖɯØÜÈÕÛÐÛÈÛÐÝÌɯÚÛÜËÐÌÚɯÌß×ÓÖÙÐÕÎɯÛÌÈÊÏÌÙÚɀɯ2,*ɯ

and PCK in biology topics. An example of such is a study conducted by Park, Jang, 

Chen, and Jung (2011). Carried out with the participation of seven biology teachers, 

the study aimed to examine their PCK and application of reforms in the topics of 
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photosynthesis and heredity. The researchers developed a PCK rubric for the 

asÚÌÚÚÔÌÕÛɯÖÍɯÛÌÈÊÏÌÙÚɀɯ/"*ɯȹƖƔƔƜȮɯÈÚɯÊÐÛÌËɯÐÕɯ/ÈÙÒɯÌÛɯÈÓȭȮɯƖƔƕƕȺȭɯ3ÏÌɯÙÜÉÙÐÊɯÐÕÊÓÜËÌËɯ

ÒÕÖÞÓÌËÎÌɯÖÍɯÚÛÜËÌÕÛÚɯÈÕËɯÐÕÚÛÙÜÊÛÐÖÕɯÔÌÛÏÖËÚȭɯ(ÕɯÖÙËÌÙɯÛÖɯÌÝÈÓÜÈÛÌɯÛÏÌɯÛÌÈÊÏÌÙÚɀɯ

application of reforms, the researchers employed the Reformed Teaching 

Observation Protocol (RTOP) which was created by Sawada, Piburn, Turley, 

Falconer, Bloom, et al., (2000, as cited in Park et al., 2011). Apart from these data 

collection tools, in-class observations during lessons and interviews before and after 

the lessons were used as sources. The findings revealed that having a strong PCK 

supports teachers to integrate reforms in their teaching. It was also observed that 

when teachers have a profound content knowledge, they are inclined to focus more 

on reforms. Despite the constraints of the study due to the use of correlational 

research method, this study contributed to the literature with its results.  

%ÜÙÛÏÌÙÔÖÙÌȮɯ)ĹÛÛÕÌÙȮɯ!ÖÖÕÌȮɯ/ÈÙÒɯand Neuhaus (2013) underlined that the last 20 

years saw a growth in the number of studies exploring teachersɀɯprofessionalism 

and professional development. With an aim to contribute to the literature with a 

comparable research, they investigated the development and utilization of tools that 

would help in assessing content knowledge and pedagogical content knowledge of 

biology teachers. The study suggests a theoretical model for the development of 

such tools through benefiting from empirical data gathered from students. In 

addition, the researchers inquired if it was possible to assess CK and PCK separately 

with a paper -pen test. The results obtained from the Rasch analysis applied for 158 

biology teachers show that the tools managed to objectively and reliably assess the 

CK and PCK of teachers. In other words, it is possible to develop and use new tools 

together with in -class observations during lessons for the measurement of teacher 

performance.  

The researchers in the literature argued that there is a possibility for an interaction 

between separate PCK components. To further study this argument, Park and Chen 

(2012) examined high school biology teachers. The results of the study revealed a 
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strong interaction between knowledge of students and instructional strategies. They 

also argued that these components also interacted with other PCK components. The 

authorÚɯÚÛÈÛÌËɯÛÏÈÛɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕɯÛÖɯÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎɯÊÈÕɯÌÐÛÏÌÙɯÊÖÕÚÛÙÈÐÕɯÖÙɯ

facilitate the interaction between PCK components. For example, acting as a 

conveyor of knowledge (i.e. adopting a didactic approach) can isolate the 

knowledge  of instruction al strategies from other  components. On the other hand, 

when a student-centered approach to teaching is adopted, there occurs an 

interaction between knowledge of students and  knowledge of  instruction strategies. 

Knowledge of curriculum was observed to have a  little impact on (therefore a basic 

interaction with) other PCK components. Lastly, while knowledge of assessment did 

not incorporated into other components of  PCK, it did have an interaction with 

knowledge of instruction strategies and students. In other words, the development 

of knowledge of assessment may strengthen the interaction among PCK 

components.  

When the literature was review ed, it is seen that there are many PCK studies carried 

out with pre -service and in-service science and biology teachers abroad. However, 

the number of such studies is limited in the Turkish educational context. The 

following section examines the studies conducted in Turkey with the participation 

of pre-service and in-service science teachers. 

Firstly, some PCK studies were conducted to examine Turkish in-service science 

ÛÌÈÊÏÌÙÚɀɯ /"*ɯ ÐÕɯ ÉÐÖÓÖÎàɯ ÛÖ×ÐÊÚȭɯ 1ÌÊÌÕÛÓàȮɯ ©ÌÕȮɯ xáÛÌÒÐÕɯ ȫɯ #ÌÔÐÙËġĀÌÕɯ ȹƖƔƕƜȺɯ

explored the influence of content knowledge on pedagogical content knowledge 

through a study with the participation of three experienced science teachers. The 

topic selected for the scope of the study was cell division. The researchers collected 

data through interviews with teachers, in-class observation during lessons as well as 

teacher documents such as exam papers. The study employed inductive method to 

ÈÕÈÓàáÌɯÛÏÌɯÛÌÈÊÏÌÙÚɀɯ"*ɯÈÕËɯÞÐÛÏÐÕ-case method for the analysis of PCK. To 

understand how PCK is influenced by CK, cross-case analysis was utilized. The 
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results of the data analysis demonstrated a possible influence of CK on the 

knowledge of instruction strategies and students. On the other hand, it was found 

ÛÏÈÛɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕɯÛÖɯÛÌÈÊÏÐÕÎɯÚÊÐÌÕÊÌɯÔÈàɯÕÖÛɯÉÌɯÐÕfluenced by CK at all. 

Lastly, CK was found to have an impact on knowledge of curriculum as well as 

knowledge of assessment while it seemed quite complicated.  

 àËÌÔÐÙȮɯIÈÒċÙÖĀÓÜɯÈÕËɯ3ÌÒÒÈàÈɯȹƖƔƕƖȺɯÚÛÜËÐÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯ

students through examining five experienced elementary science teachers in 

teaching genetics. Knowledge of students, within the scope of this study, was 

Ìß×ÓÖÙÌËɯÐÕɯÛÞÖɯËÐÍÍÌÙÌÕÛɯÊÈÛÌÎÖÙÐÌÚȯɯÚÛÜËÌÕÛÚɀɯÕÌÌËÚɯÞÏÐÓÌɯÓÌÈÙÕÐÕÎɯÈÉÖÜÛɯÎÌÕÌÛÐÊÚɯ

and their challenges regarding this topic. The researchers observed the participants 

during lessons and they also held interviews with them. It was found that due to its 

abstract character, genetics was difficult to be understood by elementary school 

students. The authors also stated that sequence of knowledge is significant in 

biology which means learners should first be taught about other topics to lay the 

basis for more complex and abstract ones. Within the scope of this study, for 

example, they can understand genetics after they learn about cell, cell division, and 

fertilization.  

Using the PCK model by Magnusson et al. (1999), Karakulak and Tekkaya (2010) 

investigated PCK of two new teachers in the field of ecology. The researchers 

collected data through semi-structured interviews with teach ers, observations, 

lesson plans, concept maps, and field notes. It was discovered that new teachers 

faced challenges and possessed misconceptions in understanding ecosystem, 

habitat, decomposers, biodiversity, food web, and energy flow within ecosystem. 

While having general knowledge about ecology, they were challenged to link the 

learning objectives with their knowledge. The research also revealed that they 

needed improvement in their knowledge of instructional strategies in ecology. 

Lastly, it was found t hat the teachers lacked sufficient knowledge about the 

challenges and misconceptions that the students faced regarding ecology.  
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In the Turkish PCK literature , there are also some studies examined pre-service and 

×ÙÖÚ×ÌÊÛÐÝÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÉÐÖÓÖÎà-specific PCK. For example, Kaya (2009) 

examined the interaction between the components of PCK in pre-service science 

teachers by focusing on the topic of ozone layer depletion. Firstly, the author 

conducted an open-ended questionnaire with the participation of 216 pre-service 

teachers in their last year at the faculty. The aim of the questionnaire was to 

measure their level of knowledge about the topic ( ozone layer depletion). The 

results of the questionnaire helped the researcher to categorize the pre-service 

teachers as high, average, and low ability groups. Interviews with 25 randomly 

selected participants from every ability groups were organized to explore their P CK 

and the interactions between and within the PCK components of pre -service science 

teachers in teaching the selected topic. It was found that PCK and knowledge of 

subject matter were in interaction with each other. Moreover, the researcher 

discovered an important interaction within the components of P CK (apart from 

knowledge of assessment). Finally, PCK of pre-service science teachers differed 

according to their subject matter knowledge. The results from different data 

collection methods supported each other.  

Again, the aim of 4ıÈÒɯ ȹƖƔƔƝȺɀÚɯ ÚÛÜËà is to explain prospective science and 

ÛÌÊÏÕÖÓÖÎàɯÛÌÈÊÏÌÙÚɀɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯȹ/"*ȺɯÈÉÖÜÛɯÛÏÌɯÊÌÓÓȭɯThe 

researcher interviewed the pre-service teachers, gathered their lesson and laboratory 

plans, and benefited from concept maps prepared by the pre-service teachers. 

Carried out with six pre -service science and technology teachers in Pamukkale 

University (Turkey), the study showed that the participants had insufficient 

knowledge of instruction methods. On the other hand, they demonstrated sufficie nt 

content knowledge. It was also discovered that they adopted a teacher-centered 

approach in teaching although some of them preferred activities for students which 

would enable them to actively take part in learning process.  
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A distinct study in the Turki sh literature is the collaborative work of Graf, Tekkaya, 

*ċÓċñɯÈÕËɯxáÊÈÕɯȹƖƔƕƕȺȭɯ3ÏÐÚɯÚÛÜËàɯÐÚɯËÐÚÛÐÕÊÛɯÈÚɯÐÛɯÐÚɯÈɯÊÖÔ×ÈÙÈÛÐÝÌɯÚÛÜËàɯÐÕÝÖÓÝÐÕÎɯ

two Turkish and two German pre -service science teachers. It aimed to explore the 

×ÈÙÛÐÊÐ×ÈÕÛÚɀɯ/"*ɯÖÕɯÌÝÖÓÜÛÐÖÕȭ Similar to the other mentioned studies, this research 

collected data through semi-structured interviews with teachers, lesson plans 

prepared by the participants, and their concept maps. The authors found the 

knowledge of curriculum to be inadequate in bot h Turkish and German pre -service 

science teachers. They were not aware of the place and content of the topic in the 

curriculum.  3ÏÌàɯÈÓÚÖɯËÐËÕɀÛɯÒÕÖÞɯÈÉÖÜÛɯÛÏÌɯÎÙÈËÌɯÛÏÌɯÊÖÕÊÌÙÕÌËɯÛÖ×ÐÊɯÐÚɯÌß×ÓÈÐÕÌËɯ

and the content of the textbooks regarding evolution. Bot h group of teachers 

showed lack of knowledge when it came to instruction strategies. Turkish teachers 

stated that due to their inadequate content knowledge, it was difficult to rectify the 

misconceptions identified among students. They declared that the method of 

questioning might be utilized while teaching evolution. Unlike their Turkish 

colleagues, German teachers opted for more student-centered strategies such as 

station method cooperative learning . They also made use of representations to help 

the students understand this abstract topic. When their knowledge of students was 

examined, Turkish pre -service teachers believed natural selection and variation to 

be easy-to-learn. The abstract nature of the topic of evolution was one of the reasons 

behind studenÛÚɀɯÚÛÙÜÎÎÓÌɯÛÖɯÊÖÔ×ÙÌÏÌÕËɯÐÛȭɯ ÕÖÛÏÌÙɯÙÌÈÚÖÕɯÞÈÚɯÛÏÌɯËÐÍÍÐÊÜÓÛàɯÛÖɯ

relate it to everyday life. German teachers, however, found the process of evolution 

and origin of life to be challenging for their students. Teachers identified religious 

beliefs, families, and non-scientific books as the causes of misconceptions among 

their students. According to both Turkish and German teachers, the most common 

misconception among students regarding evolution was the idea that human is 

descendant of monkeys. To evaluate their students, Turkish teachers used written 

assessments such as gap-filling or true/false at the end of their lesson. In terms of 

timing of the assessment, German teachers were different, and they conducted 

evaluations before, during, and after the lesson so as to follow the development and 
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change in their knowledge. Again, unlike their Turkish colleagues, German teachers 

preferred essay type, open-ended, and two-tier questions. To sum up, both groups 

ÖÍɯÛÌÈÊÏÌÙÚɯÊÖÜÓËÕɀÛɯËÌÔÖÕÚÛÙÈÛÌɯÈɯrich PCK in evoluti on. They lacked knowledge of 

curriculum. They also did not have sufficient knowledge in terms of instruction 

strategies (i.e. what to use and how). However, there was a difference in terms of 

their approaches to teach. While in the Turkish context, teacher-centered approach 

was adopted, German pre-service teachers stayed student-centered one. Lastly, 

Turkish teachers were not able to use special assessment methods for the topic of 

evolution.   

 ××ÓàÐÕÎɯ ØÜÈÓÐÛÈÛÐÝÌɯ ÔÌÛÏÖËÚɯ ÖÍɯ ÙÌÚÌÈÙÊÏȮɯ !ÌÒÛÈıɯ ȹƖƔƕƙȺɯ ÈÓÚÖɯ ÊÈÙÙÐÌËɯ ÖÜÛɯ Èɯ

comparative study to examine PCK of pre-service science teachers in varied topics 

within biology, physics, and chemistry. Physical and chemical changes, 

reproduction, growth,  and evolution, light and sound  were selected topics. Open-

ended questions were data sources for this study which was conducted with the 

participation of 33 pre -service science teachers. Descriptive analysis method was 

employed to analyze the gathered data. The research showed that knowledge of 

students in the selected topics was enough for some teachers. Ten teachers reported 

misconceptions among students about light and sound while 17 of them revealed 

misconceptions about physical and chemical changes. For biology themes, however, 

the number of teachers reporting misconceptions was seven. It was found that some 

pre-service teachers lacked adequate knowledge of assessment and instruction 

methods. Regarding how to identify and then tackle misconceptions, many of th e 

teachers expressed that they benefit from open-ended questions and traditional 

instruction methods, respectively.  

Influenced by /ÈÙÒɯÈÕËɯ"ÏÌÕɀÚɯȹƖƔƕƖȺɯÚÛÜËàȮɯ2ÖàÚÈÓɯȹƖƔƕƜȺɯ×ÌÙÍÖÙÔÌËɯÈɯÙÌÚÌÈÙÊÏɯÛÖɯ

identify PCK components of an elementary science teacher with nine years of 

experience as well as to show the inferred relationships the PCK components have. 

Semi-structured interview method was used to collect qualitative data. The 
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interview with detailed questions was conducted by the researcher at the school 

where the participant of the study worked. The interview questions were 

categorized into five groups with 20 primary questions and several related 

questions. The gathered data was analyzed both qualitatively and quantitatively in 

order to have a thorough uÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯ/"*ȭɯ3ÏÌɯÙÌÚÌÈÙÊÏɯ

revealed that there was a strong and direct interaction among knowledge of 

curriculum, knowledge of instruction strategies, and knowledge of students. 

However, restricted level of interaction was identifi ed between knowledge of 

assessment and orientation to science teaching and the other PCK components.  

ƖȭƕȭƖȭƖȭɯ2ÛÜËÐÌÚɯÖÕɯ2ÊÐÌÕÊÌɯ3ÌÈÊÏÌÙÚɀɯ/"*ɯÍÖÙɯ-.2 

Considering the literature on learning and teaching science, it is obvious that the 

most studied and explored concepts are characteristics of the knowledge required in 

teaching science to elementary and the ways it is developed. Recently, there has 

been a tendency on a global scale towards incorporating scientific literacy within 

curriculum. To be able to respond to such changes in curriculum, teachers are 

expected to have two separate subject matter knowledge. The first one is knowledge 

of science, and the second is knowledge about science. The difference between these 

two is that knowledge of science means the information we have as a result of 

ÚÊÐÌÕÛÐÍÐÊɯÌÍÍÖÙÛÚȭɯ*ÕÖÞÓÌËÎÌɯÈÉÖÜÛɯÚÊÐÌÕÊÌȮɯÏÖÞÌÝÌÙȮɯÊÈÕɯÈÓÚÖɯÉÌɯÞÖÙËÌËɯÈÚɯɁÕÈÛÜÙÌɯ

ÖÍɯÚÊÐÌÕÊÌɂɯȹ-.2ȺȮɯÈÕËɯÐÛɯÙÌ×ÙÌÚÌÕÛÚɯÛÏÌɯɁÏÖÞɂɯÖÍɯÚÊÐÌÕÊÌȮɯÐȭÌȭɯÙÜÓÌÚɯÈÕËɯÔÌÛÏÖËÚɯÖÕɯ

how we obtain scientific information and it beco mes an accepted concept/fact/theme 

etc. (Shulman, 1986; 1987). Additionally, teachers should also have adequate 

pedagogical content knowledge to perform well while teaching the mentioned 

subject matter knowledge. It can be said that supporting teachers in teaching NOS 

still remains a great source of difficulty in teacher education. Although science 

education literature presents few studies with teachers who are able to teach NOS 

adequately, there is still a need for more in-depth research on PCK of teachers in 

regard to NOS.  
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Nargund -Joshi, Rogers and Akerson (2011) conducted a study focusing on how 

ÛÌÈÊÏÌÙÚɀɯ-.2ɯÉÌÓÐÌÍÚɯÈÍÍÌÊÛɯÛÏÌÐÙɯÛÌÈÊÏÐÕÎȭɯ6ÐÛÏɯÈÕɯÈÐÔɯÛÖɯÍÐÓÓɯÈɯÎÈ×ɯÐÕɯÛÏÌɯ/"*ɯ

literature and to explore ÛÌÈÊÏÌÙÚɀɯorientation to teaching science in Eastern 

societies, the researchers selected ÛÞÖɯ (ÕËÐÈÕɯ ÚÌÊÖÕËÈÙàɯ ÛÌÈÊÏÌÙÚȭɯ 3ÌÈÊÏÌÙÚɀɯ

orientation was also examined in terms of its adjustment to the educational reform 

in India. Semi-structured interviews with teachers, in -class observations as well as 

materials about the educational reform were used as data collection tools. The 

ÙÌÚÜÓÛÚɯÖÍɯÛÏÐÚɯÙÌÚÌÈÙÊÏɯÙÌÝÌÈÓÌËɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÛÖɯÉÌɯÕÖÛɯÐÕɯÏÈÙÔÖÕàɯÞÐÛÏɯ

their teaching in real life. It was observed that there were discrepancies about the 

definition of scienc e, the methods to teach science, and the assessment 

tools/instruments. Interestingly, during their lessons, the participants were not able 

to show science as being imaginative while they held this belief in theory. For 

example, laboratory activities which could have provided a space for the students to 

be creative were employed as a means to verify the theoretical knowledge they 

learn. While teachers stated the importance of student-centered approach in the 

interviews, in actual classroom situations they we re found to be implementing 

rather traditional methods (e.g. following the textbook to teach, holding content -

intense lessons). In terms of assessment, in the classroom the teachers were 

expecting to hear right answers although they acknowledged the studenÛÚɀɯÕÌÌËɯÍÖÙɯ

sufficient time to fully and correctly comprehend what their teachers explain to 

ÛÏÌÔȭɯ(ÕɯÛÏÌɯ(ÕËÐÈÕɯÊÖÕÛÌßÛȮɯÛÌÈÊÏÌÙÚɀɯÏÐÎÏɯÌß×ÌÊÛÈÛÐÖÕÚɯÍÙÖÔɯÚÛÜËÌÕÛÚɯÞÌÙÌɯÓÐÕÒÌËɯ

to the importance of exams their students should take. Therefore, the researchers 

argued that the requirement to prepare students for exams affected teachers and 

caused a disparity between their ideas about teaching and their practice in real 

classroom situations. The authors, therefore, concluded that educational reforms 

should be prepared by considering teacher orientations to teaching; otherwise, 

success rate aimed through reforms will not be reached. Apart from exams, the 

ÚÛÜËàɯËÐÚÊÖÝÌÙÌËɯÖÛÏÌÙɯÌÓÌÔÌÕÛÚɯÞÏÐÊÏɯÏÈÝÌɯÈÕɯÐÔ×ÈÊÛɯÖÕɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕȮɯ

such as classroom management, rÌØÜÐÙÌËɯ×ÌÙÐÖËɯÖÍɯÛÐÔÌɯÛÖɯÈÚÚÌÚÚɯÚÛÜËÌÕÛÚɀɯÞÖÙÒȮɯ
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ÛÌÈÊÏÌÙÚɀɯ ÓÖÞɯ ÚÌÓÍ-assessment about their subject matter knowledge, and small 

number of materials for in -class use. In conclusion, the authors proposed that 

culture - and context-specific elements should be given consideration in studies 

ÌßÈÔÐÕÐÕÎɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÈÚɯÛÏÌàɯÔÈàɯÏÈÝÌɯÈÕɯÐÕÍÓÜÌÕÊÌɯÖÕɯÚÜÊÏȭ 

Looking at dif ferent factors related to NOS, Wahbeh and Abd -El-Khalick (2014) 

aimed to explore how a course on NOS affects understanding of in-service 

secondary school science teachers and retention of such understanding as well as 

their planning and teaching. The researchers also investigated which elements 

enable teachers to apply their understanding of NOS in classroom. The 6-week NOS 

course they took was an explicit-reflective nature applied with the use of learning -

as-conceptual-change frame. The course benefited from metacognitive methods as 

well as written documents about NOS in order to increase the impact. 19 in-service 

secondary school science teachers were participants of the NOS course. After they 

were trained, the teachers were asked to prepare their plans to teach NOS. Upon the 

analysis of data to determine the level of improvement in the co ncerned area, six 

teachers were chosen since they showed remarkable improvement. Following the 

selection of 6 teachers, the researchers observed them while they applied what they 

planned at the end of the course. In order to analyze the impact of the NOS course, 

ÛÏÌɯÈÜÛÏÖÙÚɯÜÚÌËɯÛÌÈÊÏÌÙÚɀɯÐÕÚÛÙÜÊÛÐÖÕɯ×ÓÈÕÚȮɯÐÕ-class observations, interviews, and 

other materials prepared by teachers as data collection sources. The results of the 

ÙÌÚÌÈÙÊÏɯÚÏÖÞÌËɯÛÏÈÛɯÛÏÌɯÐÕÛÌÕÚÌɯÈÕËɯÐÕÛÌÎÙÈÛÌËɯ-.2ɯÊÖÜÙÚÌɯÐÔ×ÙÖÝÌËɯÛÌÈÊÏÌÙÚɀɯ

understanding of NOS and helped them retain that for five months. While planning 

for their teaching of NOS, they faced difficulties but also succeeded. In teaching 

phase, their conception of NOS was shaped by their new understanding of NOS, 

and since it was only applied to science themes, the teachers were restricted in terms 

of using their new understanding in new contents.  

4ÚÐÕÎɯ,ÈÎÕÜÚÚÖÕȮɯ*ÙÈÑÊÐÒȮɯÈÕËɯ!ÖÙÒÖɀÚɯȹƕƝƝƝȺɯframework, Hanuscin et al. (2011) 

studied the pedagogical content knowledge for three elemÌÕÛÈÙàɯÚÊÏÖÖÓɯÛÌÈÊÏÌÙÚɀɯ
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NOS. The teachers were selected from among those who managed to increase the 

understanding of NOS in students. The data sources used included surveys, 

interviews, observations during lessons, and documents and materials gathered 

from the classrooms for three years to determine their PCK. The results 

demonstrated that teachers possessed solid knowledge of instruction methods to 

teach NOS. On the other hand, they did not have sufficient knowledge of 

assessment which would contribute to  and facilitate progress in their teaching and 

knowledge of students. Therefore, the authors pointed to the necessity to focus on 

professional development that would improve PCK for NOS. For example, teachers 

may be supplied with appropriate materials to e nsure continuous progress in their 

PCK for NOS in teaching.  

Another study in this field was conducted by Faikhamta (2013) to examine NOS 

understanding and orientation of in -service science teachers. The researcher 

employed a PCK-based NOS course designed with Hanuscin et ÈÓȭɯȹƖƔƕƕȺɀÚɯNOS 

model which was adapted from Magnusson et al ȭɯȹƕƝƝƝȺɀÚɯmodel. By means of 

different reflective methods such as mystery cube and collision theories, the course 

ÈÐÔÌËɯÛÖɯÜÕÊÖÝÌÙɯÛÌÈÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯ-.2ɯÐÕɯËÌÛÈÐÓȭɯ"ÖÝÌring every PCK 

components which are students, orientations, instruction methods, curriculum, and 

assessment, the NOS course was highly comprehensive. The results of the study 

revealed that about various elements of NOS, the participants had prior knowledge , 

both informed and uninformed, yet they demonstrated growth in their 

ÜÕËÌÙÚÛÈÕËÐÕÎÚȭɯ3ÏÌɯÈÜÛÏÖÙɯÍÖÊÜÚÌËɯÖÕɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÞÐÛÏɯÙÌÎÈÙËɯÛÖɯ/"*ȭɯ(Ûɯ

was found that project -based learning approach was mostly adopted among 

teachers prior to the course while this tended to change towards inquiry -based 

learning methods which encourage the students to be more active in the learning 

process. This research did not focus on other components of PCK or the relationship 

among them. 
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Among the longitudinal studies, again, one of the recent PCK for NOS researches is 

!ÙÈÝÖɯÈÕËɯ"ÖÍÙÌɯȹƖƔƕƚȺɀÚɯÙÌÚÌÈÙÊÏɯÞÏÐÊÏɯØÜÌÚÛÐÖÕÌËɯÏÖÞɯÉÐÖÓÖÎàɯÛÌÈÊÏÌÙÚɯËÌÝÌÓÖ×ɯ

PCK in the field of human evolution. Two biology teachers attended a professional 

development  program (PDP) which had components on recent content, joint lesson 

planning as well as application of planning. Upon completion of the course, the 

participants applied their planned lessons during which they were video -recorded. 

These records were then usÌËɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÌÈÊÏÌÙÚɀɯÔÌÛÏÖËÚȮɯÊÓÈÚÚÙÖÖÔɯÈÊÛÐÝÐÛÐÌÚȮɯ

ÈÕËɯÚÛÜËÌÕÛÚɀɯËÐÍÍÐÊÜÓÛÐÌÚɯÈÕËɯÔÐÚÊÖÕÊÌ×ÛÐÖÕÚɯÖÕɯÌÝÖÓÜÛÐÖÕȭɯ3ÏÌɯËÈÛÈɯÊÖÓÓÌÊÛÐÖÕɯÞÈÚɯ

achieved through pre -ÐÕÛÌÙÝÐÌÞÚɯ ÛÖɯ ÓÌÈÙÕɯ ÈÉÖÜÛɯ ÛÏÌɯ ×ÈÙÛÐÊÐ×ÈÕÛÚɀɯ ×ÙÐÖÙɯ ÊÖÕÛÌÕÛɯ

representation, a group interview fo llowing their lessons, and individual stimulated 

recall interviews to help them reflect on their own teaching (final content 

representation). The collected data was analyzed by not only the authors but also 

the teachers with an aim to give them an opportun ity to reflect on changes if any 

and the underlying causes for their instruction strategies and methods. The analysis 

ÙÌÝÌÈÓÌËɯÊÏÈÕÎÌɯÐÕɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÈÚɯÞÌÓÓɯÈÚɯÉÌÓÐÌÍÚɯÈÉÖÜÛɯÛÏÌɯÔÌÛÏÖËÚɯÛÖɯ

ÌÔ×ÓÖàɯÞÏÐÓÌɯÛÌÈÊÏÐÕÎɯÌÝÖÓÜÛÐÖÕɯÈÕËɯÈÉÖÜÛɯÛÏÌÐÙɯÚÛÜËÌÕÛÚɀɯÊhallenges and needs in 

the said topic. Teachers stated that reflecting on their teaching practice contributes 

to development and growth in their PCK. Results also showed that both teachers 

demonstrated a poor understanding of the NOS and of evolution at th e beginning of 

the PDP. However, at the end of the first part of the PDP (at the university), both 

teachers reached a very good level of knowledge regarding evolution, as well as the 

NOS, which was determined by valid and reliable instruments.   

In the Turkish context, PCK for NOS is one of the important research areas of 

interest for educators although the number of researches is limited. #ÌÔÐÙËġĀÌÕȮɯ

Hanuscin, Uzuntiryaki -*ÖÕËÈÒÊÐɯÈÕËɯ*ġÚÌÖĀÓÜɯȹƖƔƕƚȺɯȿÚɯÚÛÜËàȮɯÍÖÙɯÌßÈÔ×ÓÌȮ aimed 

to investigate the complex nature of early development of orientations, knowledge 

of instructional strategies, knowledge of students, and knowledge of assessment. 

The participants of the study were 30 pre-service chemistry teachers who registered 
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in a Research in Science Education course which was intended to improve their PCK 

for NOS. Data collection methods included open -ended surveys, classroom 

observations, and materials prepared by teachers (e.g. lesson plans) in addition to 

interviews. The data was examined with the use of i n-depth analysis of explicit PCK 

together with constant comparative method. Upon analysis of the data, it was found 

that sufficient understanding and beliefs are required in order to teach NOS. 

Secondly, the NOS course provided a developmental progress in PCK for NOS and 

this was observed in their application of the newly acquired knowledge during their 

lessons. Thirdly, the majority of teachers did not include in their lessons the NOS 

aspects about which they did not have sufficient knowledge. This result indicated 

that teachers should feel confident in their understanding of NOS so that they can 

better teach NOS. Lastly, teachers with well-integrated PCK for NOS hold more 

successful lessons to teach NOS.   

Similarly, #ÌÔÐÙËġĀÌÕɯȹƖƔƕƚȺɯ ÊÖÕËÜÊÛÌËɯ Èɯ /"*ɯ ÍÖÙɯ -OS study to explore the 

interaction between teaching orientations and PCK components through deductive 

approach. The participants of the study were eight pre -service science teachers. 

Semi-structured interviews, open -ended survey, and content representation were 

used to collect data for the study. Regarding the interaction between teaching 

orientations and PCK components, the study showed that the underlying purpose 

behind teaching science imposes the components of PCK with which it interacts. It 

was also discovered that there is no direct interaction between beliefs of teacher 

(about NOS) and the components of PCK on the condition that such beliefs are not 

linked to the purposes for teaching science. Lastly, the author detected an 

ÐÕÛÌÙÈÊÛÐÖÕɯ ÈÔÖÕÎɯ ÛÌÈÊÏÌÙɀs beliefs about teaching and learning science and 

knowledge of instruction methods.  

Bilican, Tekkaya & IÈÒċÙÖĀÓÜɯȹƖƔƕƖȺɯÊÖÕËÜÊÛÌËɯÈɯÚÛÜËàɯÖÕɯ/"*ɯÖÕÓàɯÍÖÙɯ×ÓÈÕÕÐÕÎɯÛÖɯ

teach NOS. The research participants were three pre-service science teachers who, 

within the scope of the research, received an NOS course. Upon completion of the 
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course, the participants were requested to prepare a lesson plan to teach NOS by 

applying their newly acquired understanding of NOS. The results of the study 

exposed their continuing inability to explicitly include NOS in their lesson plan and 

to find suitable assessment methods to evÈÓÜÈÛÌɯÛÏÌÐÙɯÚÛÜËÌÕÛÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯ

NOS. In conclusion, the authors suggested that student assessment methods for 

NOS and different ways to integrate NOS while teaching science should be among 

the objectives of attempts to support the improvement of PC K among pre-service 

science teachers.  

2.1.2.3. StudieÚɯÖÕɯ2ÊÐÌÕÊÌɯ3ÌÈÊÏÌÙÚɀɯ/"*ɯÍÖÙɯSD 

Education for Sustainable Development (ESD) is recently introduced to the world of 

education as a new area. With its own content, ESD necessitates a holistic approach 

and reforms in educational structures. Not only novice teachers but also 

experienced ones face difficulties while teaching in that field. Teachers who will 

implement  ESD should be trained on concepts of sustainable development. They 

also should be able to comprehend the links and relations between ESD and 

systemic thinking, values education, and interdisciplinary approach. Teacher 

education in ESD should enable teachers to incorporate ESD in their teaching, and it 

should adopt teaching strategies in harmony with ESD methods. In light of these 

requirements, this section summarizes studies ÖÕɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÍÖÙɯSD and 

ESD.  

Firstly, !ÐÙËÚÈÓÓɯ ȹƖƔƕƙȺɯ ÌßÈÔÐÕÌËɯ ÛÏÌɯ È××ÓÐÊÈÛÐÖÕɯ ÖÍɯ ÛÌÈÊÏÌÙÚɀɯ ÜÕËÌÙÚÛÈÕËÐÕÎɯof 

sustainability to pedagogy and its impacts on studenÛÚɀɯÓÌÈÙÕÐÕÎɯÐÕɯÏÌÙɯËÐÚÚÌÙÛÈÛÐÖÕȭɯ

Two teachers participated in the study; and interviews with teachers as well as 

documents were used to collect data. For the analysis of data, the author benefited 

from two frameworks: 1) description of sustainability and 2) pedagogical context 

knowledge (PCxK) with four components. The results revealed an intricate 

interaction among three PCxK components and little involvement of the fourth 
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when application of sustainability was considered. It was discovered that some 

students understood sustainability although only two of them managed to associate 

their understanding with the scienti fi c ideas. Lastly, the author argued that 

although the PCxK model demonstrated a certain level of accuracy, further studies 

should be conducted in order to have more reliable data on its ability to elucidate 

PCK of teachers.  

 Ɂ2àÚÛÌÔÚ ÛÏÐÕÒÐÕÎɂɯÏÈÚɯÎÈÐÕÌËɯÚÐÎÕÐÍÐÊÈÕÊÌɯÐÕɯÉÖÛÏɯ$2#ɯÈÕËɯËÈÐÓàɯÓÐÍÌȭɯ3ÏÌÙÌÍÖÙÌȮɯ

teachers should know about systems and their behavior (content knowledge) in 

order to efficiently demonstrate a topic to their students. In other words, knowing, 

for example, diffusio n and osmosis in biology may not be enough for effective 

teaching. Teachers should also recognize the strategies to promote systems thinking 

in students. However, currently there is not sufficient data on the development of 

professional knowledge when it c omes to teaching systems thinking. RoÚÌÕÒÙåÕáÌÙȮɯ

'ġÙÚÊÏȮɯ2ÊÏÜÓÌÙɯÈÕËɯɯ1ÐÌÚÚɯȹƖƔƕƛȺ conducted a study to examine teaching systems 

thinking. The participants of the study were student teachers. The researchers 

focused the impact of three types of courses (technical, didactic and mixed course) 

on the PCK for teaching systems thinking. It was found out that teacher education 

can be used to promote PCK for teaching systems thinking. The results also showed 

that technical courses on their own are not efficient enough in promoting PCK for 

teaching systems thinking. The findings of this study can be considered to improve 

teacher education in terms of promoting systems thinking  

Another study aiming to respond to the need for professional development in ESD 

was conducted by Kadji -Beltran, Zachariou, Liarakou and Flogaitis (2014). The 

researchers implemented a mentoring program for both experienced and novice 

teachers through which they received support in planning and implementing ESD. 

The study also intended to examine the possibility of introducing mentoring as a 

means to train them for ESD. The results of the study demonstrated that mentoring 

is significant in training teacher for ESD because it basically consists of all necessary 
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aspects of ESD both experientially and practically. It was also worth noting that it 

increased interaction among teachers and enabled them to start groups to learn 

about ESD together. Lastly, mentoring helped teachers improve their PCK for ESD.  
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CHAPTER  3 

 

 

3. RESEARCH METHODOLOGY  

 

 

3ÏÌɯÔÈÐÕɯ×ÜÙ×ÖÚÌɯÖÍɯÛÏÌɯÚÛÜËàɯÐÚɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯÌß×ÌÙÐÌÕÊÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÚÜÉÑÌÊÛɯ

matter knowledge and pedagogical content knowledge in the topic of 

biogeochemical cycles regarding education for sustainable development. In order to 

reader to understand how the researcher addressed the research questions, this 

chapter discussed the methodology employed in this study.  Thus, the following 

research questions were put forward to guide the study:  

1. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÚÜÉÑÌÊÛɯ ÔÈÛÛÌÙɯ ÒÕÖÞÓÌËÎÌɯ ÍÖÙɯteaching 

biogeochemical cycles in the context of sustainable development? 

1.1. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÚÜÉÚÛÈÕÛÐÝÌɯ ÒÕÖÞÓÌËÎÌɯ ÙÌÎÈÙËÐÕÎɯ

biogeochemical cycles? 

1.2. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÚàÕÛÈÊÛÐÊɯÒÕÖÞÓÌËÎÌɯÙÌÎÈÙËÐÕÎɯÕÈÛÜÙÌɯÖÍɯ

science? 

1.3. What are the scienÊÌɯ ÛÌÈÊÏÌÙÚɀɯunderstanding  of SD regarding 

biogeochemical cycles? 

2. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

2.1. 6ÏÈÛɯÈÙÌɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÛÖɯÛÌÈÊÏÐÕÎɯÚÊÐÌÕÊÌȳɯ 

2.2. What is the science teachersɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÊÜÙÙÐÊÜÓÜÔɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

2.3. 6ÏÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÐÕÚÛÙÜÊÛÐÖÕÈÓɯÚÛÙÈÛÌÎÐÌÚɯÍÖÙɯ

teaching biogeochemical cycles? 

2.4. 6ÏÈÛɯ ÐÚɯ ÛÏÌɯ ÚÊÐÌÕÊÌɯ ÛÌÈÊÏÌÙÚɀɯ ÒÕÖÞÓÌËÎÌɯ ÖÍɯ ÚÛÜËÌÕÛÚɯ ÍÖÙɯ ÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 

2.5. WhÈÛɯÐÚɯÛÏÌɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÈÚÚÌÚÚÔÌÕÛɯÍÖÙɯÛÌÈÊÏÐÕÎɯ

biogeochemical cycles? 
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In the next section of the chapter, the researcher would like to explain the 

interpretive research paradigm considering the focus of the study. Then, this was 

followed  by the section on the qualitative research approach implemented to 

support methodological perspective and findings of the study. The rest of the 

chapter addressed the research design, the sampling and participants, data 

collection tools, and data analysis. Finally, the chapter represented how the 

trustworthiness and ethical considerations of the current study were addressed.  

3.1. Interpretive Research Paradigm 

Researchers have different views of what constitutes the truth and knowledge 

(Denzin & Lincoln, 2 ƔƔƜȺȭɯ3ÏÌÚÌɯÝÐÌÞÚɯÎÜÐËÌɯÛÏÌɯÙÌÚÌÈÙÊÏÌÙÚɀɯÛÏÐÕÒÐÕÎȮɯÉÌÓÐÌÍÚȮɯÖÙɯ

assumptions about society involved (Lincoln & Guba, 1990). They frame how the 

ÙÌÚÌÈÙÊÏÌÙÚɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯÞÖÙÓËɯÈÕËɯÐÕÍÓÜÌÕÊÌɯÛÏÌɯÙÌÚÌÈÙÊÏÌÙÚɀɯÈ××ÙÖÈÊÏÌÚɯÛÖɯËÖɯ

research but there is a set of beliefs to guide these views named as research 

paradigm  (Creswell, 2009). Thomas Kuhn (1962) used the term paradigm firstly to 

denote a conceptual framework shared by a community of scientists. Kuhn defines 

the paradigm as a research culture with a set of beliefs, values, and assumptions 

that researchers make a consensus as far as the nature and conduct of research 

concerned (Kuhn, 1962). A paradigm is as a way of describing a world view that is 

informed by philosophical assumptions about the nature of social reality, the ways 

of knowing, and ethics and value systems. It thus leads researcher to ask certain 

questions and use appropriate approaches to systematic inquiry (Patton, 2002).  

Researchers become interested in different theoretical research paradigms based 

upon their own philosophical assumptions. Therefore, these research paradigms 

have differences in the assumptions of reality and knowledge which provide a basis 

for their particular research approach (Scotland, 2012). Knowledge and reality are 

constructed in and out of interaction between humans, and developed in a social 

and cultural context (Crotty, 1989). Interpretive research paradigm approaches the 
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reality from subjects, typically from people who own their experiences, views and 

backgrounds. It aÐÔÚɯ ÛÖɯ ÜÕËÌÙÚÛÈÕËɯ ÛÏÌɯ ×ÏÌÕÖÔÌÕÖÕɯ ÍÙÖÔɯ ÈÕɯ ÐÕËÐÝÐËÜÈÓɀÚɯ

perspective; investigating interactive relations among individuals in their natural 

settings (Creswell, 2009). This means that the interpretive paradigm emphasizes on 

the process of understanding the situation in which the research is done (Connole, 

1998).  

3ÏÌɯÙÌÚÌÈÙÊÏÌÙɯÞÖÜÓËɯÓÐÒÌɯÛÖɯÜÕËÌÙÚÛÈÕËɯÈÕËɯÐÕÛÌÙ×ÙÌÛɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯÚÜÉÑÌÊÛɯ

matter knowledge and pedagogical knowledge in the context of EfSD. Because the 

focus of the study was to examine teaÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎȮɯÝÐÌÞÚɯÈÕËɯÌß×ÌÙÐÌÕÊÌÚɯ

in their natural teaching settings, an interpretive research paradigm has been 

adopted.  

3.2. Qualitative Research Approach  

Willis (2007) asserts that researchers using interpretive paradigm tend to favor 

qualita tive research approach (Thomas, 2003, p.6). He emphasized that qualitative 

methods often give rich information that are necessary for interpretivist researchers 

to fully understand the context. In this point of view, there is a tight connection 

between interpretive paradigm and qualitative approach. Researchers using 

interpretive paradigm and qualitative approach often seek experiences, 

understandings and perceptions of individuals for their data to uncover reality 

rather than rely on numbers of statistics. Following the above points, Creswell 

ȹƖƔƔƝȺɯÚÛÈÛÌÚɯÛÏÈÛɯɁØÜÈÓÐÛÈÛÐÝÌɯÙÌÚÌÈÙÊÏɯÐÚɯÈɯÔÌÈÕÚɯÍÖÙɯÌß×ÓÖÙÐÕÎɯÈÕËɯÜÕËÌÙÚÛÈÕËÐÕÎɯ

ÛÏÌɯÔÌÈÕÐÕÎɯÐÕËÐÝÐËÜÈÓÚɯÖÙɯÎÙÖÜ×ÚɯÈÚÊÙÐÉÌɯÛÖɯÈɯÚÖÊÐÈÓɯÖÙɯÏÜÔÈÕɯ×ÙÖÉÓÌÔɂɯȹ×ȭƘȺȭɯ

Hence, in educational research, if researcher seeks understandings and experiences 

of a group of students or teachers, qualitative methods are likely to be the best-

suited methods (Patton, 2002; Tahnh & Tahnh, 2015). In the light of this view, 

qualitative research approaches were used in order to obtain intensive and detailed 

ËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ/"*ɯÖÕɯÛÏÌɯÛÖ×ÐÊɯÖÍɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯ
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cycles for the current study. To gather in-depth information about the teachers, the 

various qualitative data collection methods (interviews, video -

recording/o bservations, documents) and data analysis strategies (inductive and 

deductive analysis) were implemented.  

3.3. Case Study Design 

One of the most widespread used designs in qualitative research is case studies 

(Flick, 1996). Taylor, Sinha and Ghoshal (2006) present case studies as common and 

attractive methods of qualitative research. Case study is important context for in -

depth description and analysis of what is being studied (Merriam, 2009). Yin (2003) 

also defines case study as an empirical study that explores a contemporary 

phenomenon within its natural settings. As the name suggests, case study is the 

investigation of a case; it can be an individual person, a group or organizations that 

are studied in their context (Robson, 2007). The purpose is to generate in-depth, 

detailed and intensive description and knowledge of well -defined phenomenon or 

context (Burton, Brundrett & Jones, 2014; Taylor, Sinha & Ghoshal, 2006). 

In this study, multiple case studies design was chosen considering the purpose and 

nature of the research questions being addressed. The cases of this study were 

experienced science teachers from different schools. Basically, the researcher is 

interested in the nature of the subject matter knowledge and pedagogical content 

knowledge of exper ienced science teachers. Thus, how participant science teachers 

generate their pedagogical content knowledge during their experienced years 

directed the researcher to focus on the case for experienced science teachers. As a 

result, three experienced science teachers were the three cases of the current study. 

Moreover, their subject matter knowledge and pedagogical content knowledge were 

two units of analysis in the study. Figure 3.1 summarizes methodology and the data 

collection procedures of the current study.  
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3.4. Data Collection Procedures 

This section included detailed information about sampling, participants and data 

collection tools of the current study. Furthermore, the analysis procedur es of the 

data which had been collected during spring semester in 2013-2014 academic year 

were presented in depth. 

3.4.1. Sampling of the Study  

A qualitative study does not aim to generalization similar to a quantitative study 

(Merriam, 2009). Thus, rather than using the quantitative approach, selecting a 

sample from a large group of in -service teachers, purposive sampling was selected. 

The selection of the information -rich cases is the most important aspect of purposive 

sampling. The aim of the study was to get detailed information about experienced 

ÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯPCK, therefore teachers who had a potential to provide 

rich data were selected (Patton, 2002). Thus, the important task is to determine the 

selection criteria for the interest of the study (Merriam, 2009). In the following, 

criteria to select the participant of the current study were presented with their 

reasons. 

¶ First of all, eco-ÚÊÏÖÖÓÚɯÞÌÙÌɯÚÌÓÌÊÛÌËɯÛÖɯÊÖÕËÜÊÛɯÛÏÐÚɯÚÛÜËàɯÈÚɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯ

SMK and PCK regarding biogeochemical cycles in the context of SD. The 

concept of SD had not been integrated into the science curriculum implemented 

in 2013-2014 academic year when the data collected, so this study was 

conducted in middle schools where t he Eco-Schools program were applied. As 

Eco-schools program offers a guiding program that aims to provide 

environmental education, environmental management and sustainable 

development education in preschool and primary and middle schools, it is 

expected that the science teachers in these schools have higher knowledge and 

awareness of SD than the ones in non-eco schools.  To be able to select the 

participants which  more detailed data can be collected, the researcher joined the 
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annual meeting of Eco-schools program performed by TURCEV (Turkish 

Environmental Education Foundation). Thus, the researcher had a chance to 

specify science teachers who were willingness to participate to the study. 

Among the science teachers the researcher specified, three teachers whose 

weekly schedules were appropriate for the classroom observations were 

selected. 

¶ Secondly, the context in which the participants worked was the another 

criterion. L iterature including the studies of PCK emphasized that teachers 

working in the same or similar context should be selected due to the fact that 

the context influences how teachers teach (Berliner, 2001; Henze et al., 2008; 

Loughran et al., 2008; Park & Oliver 2008). For this reason, three teachers from 

the three public middle schools having similar contexts in Cankaya Province 

ÞÌÙÌɯ×ÐÊÒÌËɯÈÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÛÖɯÌÓÐÔÐÕÈÛÌɯÛÏÌɯÊÖÕÛÌßÛɀÚɯÔÈÕÐ×ÜÓÈÛÐÖÕɯÖÕɯÛÌÈÊÏÌÙÚɀɯ

practice. Additionally, a s private schools did not g ive permission to record the 

classroom settings with the video-taped, the researcher were lead to conduct 

the study with public schools because of the missing important points of the 

teaching in the real classroom environment. Hence, selected public schools had 

similar context participating the Eco -schools program with the 30-40 students in 

each classroom. 

¶ The third criterion was being experienced teachers. Because, PCK develops 

with experience (Abell, 2008) and teaching experience in real classroom context 

is one of the vital sources for PCK development (Grossman, 1990). Because of 

ÛÏÐÚȮɯÌß×ÌÙÐÌÕÊÌËɯÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯÞÌÙÌɯÚÌÓÌÊÛÌËɯÛÖɯÊÖÕËÜÊÛɯÛÏÐÚɯÚÛÜËàȭɯ 

¶ Having all of the other criteria did not guarantee of being the participant of the 

current study. The last criterion was the place of the selected topic in the 

Science Curriculum (MoNE, 2005), recently known as Science Curriculum. The 

topic of biogeochemical cycles is placed in 8th-grade level in the curriculum. 

Thus, in-service science teachers who taught at the 8th-grade level were 

selected to obtain in-depth information for the current research.  
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In addition to the selection of the information -rich cases, the researcher make 

decisions on some issues such as location, time, topic, money, respondents 

regardin g the participants (Marshall & Roseman, 2016). In this manner, the 

researcher preferred to use the convenient sampling.  When compared with other 

types of purposive sampling , convenient sampling may cause to getting poorer 

information from the phenomena studied. Nevertheless, the researcher was forced 

to use this sampling technique due to the number of the criteria and th e 

unwillingness attitudes of the teachers in the schools. 

3.4.2. Participants of the Study  

In light  of the criteria predetermined, four experienced science teachers were 

selected at first. However one of participating teachers dropped out during the 

study because of the administrative reasons. Ultimately, three experienced science 

teachers, having at least 5-year or more teaching experience, participated to the 

current study. The participant teachers have different characteristics; therefore, 

these differences gave opportunity to clarify the patterns for the cases of the study, 

separately.  The researcher used pseudonym for the participant teachers as Kemal 

for Participant 1, Hale for Participant 2 and Selda for Participant 3. Some 

demographic information about the participants was summarized in Table 3.1.  

Table 3.1. /ÈÙÛÐÊÐ×ÈÕÛɯ3ÌÈÊÏÌÙÚɀɯ#ÌÔÖÎÙÈ×ÏÐÊɯ(ÕÍÖrmation  

Participant  Teaching 

Experience  

Graduation  !ÈÊÏÌÓÖÙɀÚɯ

Degree 

Master/PhD 

Degree 

Kemal 38 Years Education 

Institute  

Arts and Science 

Faculty  

Science 

Teacher  

Physics 

- 

Hale 26 years Arts and Science 

Faculty 

Biology Master & PhD 

in Molecular 

Biology 

Selda 21 years Arts and Science 

Faculty 

Biology - 
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3.4.3. Data Collection Tools  

In qualitative studies, interviews, documents and observations were three basic data 

collection tools in order to offer the detailed description of the phenomena studied 

(Merriam, 2009). Taking into consideration this notion, the researcher used 

interviews, card -sorting activity, video recording and o bservations and documents 

as multiple ÚÖÜÙÊÌɯÖÍɯÐÕÍÖÙÔÈÛÐÖÕɯÛÖɯÎÌÛɯÐÕÚÐÎÏÛɯÈÉÖÜÛɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ

PCK components in the current study. Table 3.2 presented the data collection tools 

and related SMK and PCK components in detail. 

Table 3.2.  Data Collection Tools 

Data Collection Tool s SMK and PCK Components  

Interviews  

Questions on Biogeochemical Cycles 

 

 

Embedded VNOS-C Questionnaire  

 

Content Representation (CoRe) 

 

 

Substantive Knowledge & 

SD Understanding  

 

Syntactic Knowledge 

 

Knowledge of Curriculum  

Knowledge of Instructional Strategies 

Knowledge of Students 

Knowledge of Assessment 

Card-sorting Activity  Orientations to Science Teaching 

Video Recording / Classroom 

Observation 

 

Knowledge of Curriculum  

Knowledge of Instructional Strategies  

Knowledge of Students 

Knowledge of Assessment 

Documents 

3ÌÈÊÏÌÙÚɀɯ#ÙÈÞÐÕÎÚ 

3ÌÈÊÏÌÙÚɀɯ$ßÈÔɯ/È×ÌÙÚ 

 

Substantive Knowledge 

Knowledge of Assessment 

 

3.4.3.1. Interviews 

/ÈÛÛÖÕɯȹƖƔƔƖȺɯÚÛÈÛÌËɯÛÏÈÛɯÐÕÛÌÙÝÐÌÞÚɯÈÙÌɯÝÈÓÜÈÉÓÌɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɀɯ

point of view that is not observable to the researcher. For the case studies, interview 

is the best technique (Merriam 2009) and serves as a vital source of information (Yin, 
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2003) to get detailed understanding of the phenomena studied. Based on the nature 

of the research, the researcher needs ask additional important questions different 

from the prepared ones to get specific answers from participants during the 

interviews . In such a time, semi-structured interviews are invaluable data collection 

tools to enable participants to reflect their ideas. In the light of these, both semi-

structured and structured interviews are used as the primary data sources to gather 

participanÛɯÛÌÈÊÏÌÙÚɀɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÈÕËɯ×ÌËÈÎÖÎÐÊÈÓɯÊÖÕÛÌÕÛɯÒÕÖÞÓÌËÎÌɯÐÕɯÛÏÌ 

current study. All interviews were audio -taped with the permission of the 

participants.  

3.4.3.1.1. Questions on Biogeochemical Cycles 

The researcher based on the 8th grade objectives of Science Curriculum stated in 

2005 and the science textbook approved by Ministry of National Education in 2014 

prepared seven semi-structured interview questions to unveil  both ÛÌÈÊÏÌÙÚɀɯ

substantive knowledge and SD understanding on biogeochemical cycles (See 

Appendix A). The first three questions are used to obtain detail information about 

ÛÏÌɯ ÛÌÈÊÏÌÙÚɀɯ ÊÖÕÊÌ×ÛÜÈÓɯ ÒÕÖÞÓÌËÎÌɯ ÖÕɯ ÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯ ÊàÊÓÌÚȭɯIn addition, the 

researcher expected participating teachers to draw the figure of each matter cycle to 

gather detailed information about their conceptual knowledge.  Moreover, last four 

questions are prepared to grasp in depth information on how participated teachers 

connect the SD issues and biogeochemical cycles. Each interview was conducted to 

participant teachers at their available times in the schools in one meeting and 

spanned around 45 minutes.  

Table 3.3. The Details of Interview Questions on Biogeochemical Cycles 

Data Source Purpose Time / Length  

Questions on 

biogeochemical 

cycles  

To get detailed information about 

×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯconceptual and 

SD understanding  

Two weeks before the 

teaching / About 45 

minutes 
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3.4.3.1.2. Embedded Views of Nature of Science Questionnaire   

/ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÕɯÕÈÛÜÙÌɯÖÍɯÚÊÐÌÕÊÌɯÞÈÚɯÊÖÙÙÌÚ×ÖÕËÌËɯÛÖɯÛÏÌÐÙɯ

ÚàÕÛÈÊÛÐÊɯÒÕÖÞÓÌËÎÌɯÌÕÛÐÛÓÌËɯ2,*ȭɯɯ(ÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ-.2ɯ

views, revised Views of Nature of Science Questionnaire, form C (VNOS-C) was 

conducted in conjunction with semi -structured interviews (Table 3.4). Lederman, 

Abd -El-Khalick, Bell, and Schwartz (2002) developed the original version of 

ØÜÌÚÛÐÖÕÕÈÐÙÌɯ ÛÏÈÛɯ ÐÚɯ ÛÙÈÕÚÓÈÛÌËɯ ÈÕËɯ ÈËÈ×ÛÌËɯ ÐÕɯ 3ÜÙÒÐÚÏɯ Éàɯ #ÖĀÈÕȮɯ IÈÒċÙÖĀÓÜȮɯ

IÈÝÜıȮɯ!ÐÓÐÊÈÕȮɯÈÕËɯ ÙÚÓÈÕɯȹƖƔƕƕȺȭ 

Table 3.4. The Details of the Embedded VNOS-C Questionnaire  

Data Source Purpose Time & Length  

Embedded VNOS-C 

Questionnaire 

To gather comprehensive 

information about participant 

ÛÌÈÊÏÌÙÚɀɯÚàÕÛÈÊÛÐÊɯÒÕÖÞÓÌËÎÌ 

At the beginning of the 

study & About 40 

minutes 

In the VNOS-C questionnaire, ten open-ended questions were conducted to get 

participants views on NOS aspects. namely empirical nature of science, subjective 

nature of science, tentative nature of science, role of creativity and imagination in 

nature of science, inferential nature of science, socio-cultural embeddedness of 

scientific knowledge, and the function of laws and theories. These questions of the 

questionnaire were modified by adapting to the topic studied in order to give 

participants teachers an opportunity to express their ideas easily. The VNOS-C 

questionnaire previously used and validated in lots of research was utilized in 

current study and provided in Appendix  B. The instrument was administered to 

participant teachers in one meeting at their available times in schools and lasted 

È××ÙÖßÐÔÈÛÌÓàɯÐÕɯƘƔɯÔÐÕÜÛÌÚȭɯ3ÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯÝÖÐÊÌɯÞÈÚɯÙÌÊÖÙËÌËȭ 

3.4.3.1.3. Content Representation (CoRe)  

Loughran et al. (2004) devised Content Representations (CoRes) to make the links 

between the Ìß×ÌÙÛÚɀɯÒÕÖÞÓÌËÎÌɯÖÍɯÊÖÕÛÌÕÛȮɯÛÌÈÊÏÐÕÎɯÈÕËɯÓÌÈÙÕÐÕÎɯÈÉÖÜÛɯÈɯ×ÈÙÛÐÊÜÓÈÙɯ
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topic more explicit to others. CoRe was handled for getting understanding how 

teachers constructed the topic that was taught (Loughran, Berry, & Mulhall, 2006). It 

is an important data  collection tool in order to portray holistic overviews of expert 

ÛÌÈÊÏÌÙÚɀɯÛÖ×ÐÊ-specific nature of PCK (Loughran et al. 2006, Rollnick et al., 2008).  

One of the most important difficulties in PCK studies was the terminology in this 

field might not be un derstood by teachers (Aydin, 2012). Due to this reason, 

Loughran et al., (2004) and Aydin (2012) suggested to use an understandable 

language in studying with CoRes. Additionally, Aydin and Boz (2012) asserted that 

all the major components of PCK are related to the themes of CoRe. Therefore, the 

researcher conducted CoRe, whose origina l format was a table, as an interview tool 

ÛÏÈÛɯÚÏÌɯÊÈÕɯÎÌÛɯÈɯÊÓÌÈÙɯÜÕËÌÙÚÛÈÕËÐÕÎɯÖÍɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÖÕɯÛÏÌɯÛÖ×ÐÊɯ

of biogeochemical cycles (See Appendix D). Some additional sub -questions allied to 

the main questions were used to get deeply information. The CoRe interview were 

conducted to the teachers at their available times in the schools in one meeting and 

spanned around 50 minutes. The voices of the participants were recorded during 

the CoRe interview. 

Table 3.5. The Details of the Content Representation (CoRe) Interview  

Data Source Purpose Time & Length  

CoRe Interview To get detailed information about 

×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ/"*ɯÊÖÔ×ÖÕÌÕÛÚɯ

on the topic of biogeochemical cycles 

One week before the 

teaching of the topic 

& About 50 minutes  

 

3.4.3.2. Card-Sorting Activity  

In the current study, the researcher has adopted the PCK model developed by 

Magnusson et al., (1999). However, Friedrichsen and Dana (2005) and Friedrichsen 

et al. (2011) stated that Magnusson and her colleagues did not approached to 

ÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÛÖɯÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎɯÐÕɯËÌÛÈÐÓȭɯ'ÌÙÌÞÐÛÏȮɯÐÕɯÛÏÌɯ×ÙÖÊÌÚÚɯÖÍɯÛÏÌɯ

forming the card -sorting activity, the researcher considered the realities of the 

Turkish educational system, Science and Technology curriculum, and the literature 
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related to teacheÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚȭɯ Úɯ àËÐÕɯȹƖƔƕƖ) emphasized, the realities of the 

educational system and the curriculum has an important influence on orie ntations 

to teaching science. In Turkey, High School Entrance Exam (TEOG) was given 

extremely importance by both teachers and students. In the light of such 

considerations three scenarios were added to take these realities into account. 

Furthermore, one ESD orientation was written considering that the study was 

ÐÕÛÌÕËÌËɯÛÖɯÌß×ÓÖÙÌɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ/"*ɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ$2#ȭɯ%ÙÐÌËÙÐÊÏÚÌÕɯÌÛɯ

al. (2005) also discussed that teachers may have more than one orientation which 

their goals for science teaching are incompatible. Thus, they emphasized that the 

ÚÊÐÌÕÊÌɯÛÌÈÊÏÐÕÎɯÖÙÐÌÕÛÈÛÐÖÕÚɯÔÈÐÕÓàɯÍÖÙÔÌËɯÉàɯÛÏÌɯÉÈÚÐÚɯÖÕɯÛÌÈÊÏÌÙÚɀɯÉÌÓÐÌÍÚɯÈÉÖÜÛɯ

the goals and purposes of teaching science. Lastly, based on the emphasis on the 

ÛÌÈÊÏÌÙÚɀɯ ÉÌÓÐÌÍÚɯ ÈÉÖÜÛɯ ÎÖÈÓÚɯ ÖÍɯ ÛÌÈÊÏÐÕÎɯ ÚÊÐÌnce (Friedrichsen & Dana, 2005; 

Volkmann et al., 2005) and the ESD context of the study, the additional questions 

were asked during the card sorting activity. Thereby, the card sorting activity was 

got through the thirteen scenarios and six questions in total.  

In the card-sorting activity (Friedrichsen & Dana, 2003; 2005), cards including 

ÚÊÌÕÈÙÐÖÚɯÞÌÙÌɯÜÛÐÓÐáÌËɯÛÖɯËÌÛÌÙÔÐÕÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯÖÙÐÌÕÛÈÛÐÖÕÚɯÈÕËɯÎÖÈÓÚɯÍÖÙɯ

teaching science at 8th grade level in middle schools. In the activity, participants  

teachers were expected to sort the cards into three groups: first group including 

cards that are parallel to their teaching, second group including cards that are 

different from their teaching and third group including cards that teachers are 

unsure to teach in that way. Afterwards, teachers requested to clarify the common 

characteristics of the selected cards in the groups and to explain the main 

similarities and differences between the scenarios and their teaching. Then, the 

researcher asked in what ways the scenarios and their goals and purposes for 

teaching science were related.  Card-sorting activity was implemented to participant 

teachers at their available times in the schools. The instrument was conducted in 

two meetings and spanned around 90 minutes in total. All scenarios and questions 
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were provided in Appendix C with the  versions of Turkish . All of the process of the 

card-sorting activity was audio -taped with the permission of the participants.  

Table 3.6. The Details of the Card-Sorting Activity  

Data Source Purpose Time & Length  

Card-Sorting 

Activity  

To collect in-depth information 

ÈÉÖÜÛɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ

orientations to teaching science 

At the beginning of the 

study & About 60 

minutes 

 

3.4.3.3. Video Recording  

Video-ÙÌÊÖÙËÐÕÎɯÐÕÝÖÓÝÌÚɯÛÏÌɯÊÖÓÓÌÊÛÐÖÕɯÖÍɯȿÕÈÛÜÙÈÓÓàɯÖÊÊÜÙÙÐÕÎɯËÈÛÈɀɯÜÚÐÕÎɯÝÐËÌÖɯ

cameras (Goldman & McDermott, 2009; Knoblauch, Schnettler, Raab & Soeffner, 

2006). Naturally occurring data includes the ongoing interaction of people in a 

specific context and all aspects of the environment that structure the interactions 

recorded (Jewitt, 2012). In this study, video -recording was used to obtain naturally 

occurring data to understand how participant teachers transform their subject 

matter knowledge to PCK for teaching the biogeochemical cycles. In their real 

ÊÓÈÚÚÙÖÖÔɯÚÌÛÛÐÕÎÚȮɯÛÏÌɯ×ÙÖÎÙÌÚÚɯÖÍɯÛÌÈÊÏÌÙÚɀɯÛÌÈÊÏÐÕÎɯÞÈÚɯÙÌÊÖÙËÌËɯÈÛɯÛÏÌɯÉÈÊÒɯËÌÚÒɯ

of the class. 1ÌÚÌÈÙÊÏÌÙɀÚɯ×Ösition is important during video -recording procedures 

(Merriam, 2009). Researcher did not interfere with any activity, and only recorded 

the environment of the class and how teacher performed his/her teaching about the 

topic of biogeochemical cycles. Video-records lasted in eleven course hours in total. 

6ÏÐÓÌɯ*ÌÔÈÓɀÚɯÈÕËɯHaleɀÚɯÛÌÈÊÏÐÕÎÚɯÓÈÚÛÌËɯÐÕɯÍÖÜÙɯÏÖÜÙÚȮɯSelda thought the topic in 

three hours. All records were transcribed verbatim in order to analyze in detail.  

An essential advantage of videotaping is that most potentially useful interaction and 

behavior can be captured (Patton, 2002). The advantage in terms of the credibility is 

that the researcher is able to review the same situations again and again. Videotaped 

materials are rich and provide several possibilities for analyzing the data. In the 
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studies that this method was used, data triangulation enabled the researchers to 

reduce personal influence on the results (Merriam, 2009).  

Table 3.7. The Details of Video-Recording 

Data Source Purpose Time & Le ngth  

Video Recording/ 

Classroom 

Observation  

To collect comprehensive 

information about 

×ÈÙÛÐÊÐ×ÈÕÛɯÛÌÈÊÏÌÙÚɀɯ/"*ɯ

components on the topic of 

biogeochemical cycles 

8th grade class hours from 

the beginning to the end of 

the topic  

 

3.4.3.4. Documents 

Documents refer to a wide range of written, visual, digital, and physical material 

relevant to study. Researchers categorize documents in different ways. The two 

common types of documents used in qualitative research are public and personal 

documents (Merr iam, 2009). Bogdan and Biklen (2007) refer the popular culture 

document as a third type. There are visual documents which include films, videos, 

and photography as fourth type. Moreover, documents can be generated by the 

researcher for the purpose of the investigation (Merriam, 2009).  In this study, 

personal documents and researcher-generated documents were used to obtain in-

ËÌ×ÛÏɯÐÕÍÖÙÔÈÛÐÖÕɯÈÉÖÜÛɯÌß×ÌÙÐÌÕÊÌËɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ/"*ɯÊÖÔ×ÖÕÌÕÛÚɯÐÕɯÛÏÌɯ

context of ESD. 

3.4.3.4.1. Personal Documents 

Bogdan and !ÐÒÓÌÕɯȹƖƔƔƛȺɯËÌÍÐÕÌɯ×ÌÙÚÖÕÈÓɯËÖÊÜÔÌÕÛÚɯÈÚɯŗÙÚÛ-person narratives that 

ËÌÚÊÙÐÉÌɯÈÕɯÐÕËÐÝÐËÜÈÓɀÚɯÈÊÛÐÖÕÚȮɯÌß×ÌÙÐÌÕÊÌÚȮɯÈÕËɯÉÌÓÐÌÍÚȭɯ2ÜÊÏɯËÖÊÜÔÌÕÛÚɯÏÌÓ×ɯÛÖɯ

ÙÌÚÌÈÙÊÏÌÙɯ ÛÖɯ ÜÕËÌÙÚÛÈÕËɯ ÛÏÌɯ ÐÕÕÌÙɯ ÔÌÈÕÐÕÎɯ ÖÍɯ ÛÏÌɯ ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯ ×ÌÙÚÖÕÈÓɯ

perspective (Merriam, 2009). (ÕɯÖÙËÌÙɯÛÖɯÎÈÛÏÌÙɯÙÐÊÏɯËÈÛÈɯÈÉÖÜÛɯÛÌÈÊÏÌÙÚɀɯÒÕÖÞÓÌËÎÌɯ

ÖÍɯÈÚÚÌÚÚÔÌÕÛȮɯÛÌÈÊÏÌÙÚɀɯÌßÈÔɯ×È×ÌÙÚɯÞÌÙÌɯÜÚÌËɯÈÚɯ×ÌÙÚÖÕÈÓɯËÖÊÜÔÌÕÛÚɯÐÕɯÛÏÐÚɯ

study.  These documents were shared to the researcher during the data collection 

process. 
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3.4.3.4.2. Researcher-Generated Documents 

When documents are used in a study, they are referred as public records, personal 

documents or visual/physical material already present in the research setting. These 

documents are existing and ready-made source of data because they have not been 

produced for the research purpose (Merriam, 2009). On the other hand, researcher - 

generated documents were prepared based on the research purpose. This type of 

documents is prepared by the researcher or for the researcher by participants after 

the study has begun. The specific purpose of research-generated document is to 

grasp more information about the situation, person, or event being investigated. In 

this study, ÚÊÐÌÕÊÌɯÛÌÈÊÏÌÙÚɀɯËÙÈÞÐÕÎÚÚɯwere used as research-generated documents. 

These drawings were usÌËɯ ÛÖɯ ÖÉÛÈÐÕɯ ÔÖÙÌɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÈÉÖÜÛɯ ÛÏÌɯ ÛÌÈÊÏÌÙÚɀɯ

substantive knowledge on biogeochemical cycles. Participant t eachers requested to 

explain their understanding on each cycle through drawing. Teachers were not 

interfer ed with the researcher while they were drawing.   In results chapter, based 

on ÛÌÈÊÏÌÙÚɀɯorijinal drawings  (See in Appendix E),  the researcher redrawn the 

drawings of teachers to ease them become clear. Also the researcher used English 

ÝÌÙÚÐÖÕÚɯÖÍɯÛÏÌɯ3ÜÙÒÐÚÏɯÛÌÙÔÚɯÐÕɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɀɯËÙÈÞÐÕÎÚ to be understandable for 

the reader whose native language is not Turkish. 

3.5. Data Analysis 

In qualitative studies, the data analysis provides an intensive and holistic 

description of the data (Merriam, 1998; Yin, 2009). In data analysis process, 

researcher tries to understand what the data tell (Bogdan & Biklen, 2007; Merriam, 

2009). In addition to the interpretation of the findings, the researcher makes sense of 

the data through both data analysis and data collection processes. In qualitative 

research, the data collection and data analysis are inseparable procedures (Bogdan 

& Biklen, 2007; Merriam, 2009). During the data collection of the present study, the 

researcher got insights how the teachers use PCK components and had an idea 

about how to analyze the collected data. The obtained data in this study was 
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analyzed according to the nature of the data and the aim of the data collection tools. 

(ÕɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯ×ÈÙÛÚȮɯÛÏÌɯËÌÛÈÐÓÚɯÖÍɯÛÏÌɯËÈÛÈɯÈÕÈÓàÚÐÚɯÍÖÙɯÛÏÌɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ

PCK were explained. 

3.5.1. Data Analysis of Subject Matter Knowledge  

(ÕɯÛÏÐÚɯÚÛÜËàȮɯ2ÏÜÓÔÈÕɀÚɯÝÐÌÞɯÖÍɯ2,*ɯÞÈÚɯÜÚÌËɯÛÖɯÌß×ÓÈÐÕɯÛÏÌɯÛÌÈÊÏÌÙÚɀɯÊÖÕÛÌÕÛɯ

knowledge on the topic of biogeochemical cycles. This view of Shulman was 

derived from the study of Schwab (1964) and consisted of two types of SMK: 

substantive and syntactic (Abell, 2007). Specifically for this study, the researcher 

ÈÓÚÖɯ ÞÖÕËÌÙÌËɯ ÛÏÌɯ ×ÈÙÛÐÊÐ×ÈÕÛɯ ÛÌÈÊÏÌÙÚɀɯ 2#ɯ ÜÕËÌÙÚÛÈÕËÐÕÎɯ ÙÌÎÈÙËÐÕÎɯ

biogeochemical cycles. Therefore, ÛÏÌɯÛÌÈÊÏÌÙÚɀɯ2,*ɯÈÕËɯ/"*ɯÞÌÙÌɯÌß×lained in the 

context of SD. (ÕɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÛÐÛÓÌÚȮɯÛÏÌɯËÈÛÈɯÈÕÈÓàÚÐÚɯ×ÙÖÊÌËÜÙÌÚɯÖÍɯ×ÈÙÛÐÊÐ×ÈÕÛÚɀɯ

subject matter knowledge regarding biogeochemical cycles as substantive, syntactic 

and SD understanding are specified respectively. 

3.5.1.1. Substantive Knowledge  

The organization of concepts, facts, principles, and theories of a discipline is defined 

as the substantive content knowledge (Abell, 2007, p.1107). In this study, 

ÚÜÉÚÛÈÕÛÐÝÌɯ ÒÕÖÞÓÌËÎÌɯÙÌÍÌÙÚɯ ÛÖɯ ×ÈÙÛÐÊÐ×ÈÕÛɯ ÛÌÈÊÏÌÙÚɀɯ ÊÖÕÊÌ×ÛÜÈÓɯ ÜÕËÌÙÚÛÈÕËÐÕÎɯ

(basic concepts & processes) related to biogeochemical cycles.   

3ÏÌɯÛÌÈÊÏÌÙÚɀɯÚÜÉÚÛÈÕÛÐÝÌɯÒÕÖÞÓÌËÎÌɯÖÍɯÉÐÖÎÌÖÊÏÌÔÐÊÈÓɯÊàÊÓÌÚɯÞÈÚɯÐÕÝÌÚÛÐÎÈÛÌËɯ

with the help of the three open -ended interview questions. In parallel with these 

questions, teachers were requested to explain the each cycle through drawings. Both 

the interviews, drawings and classroom observations were used to understand 

×ÈÙÛÐÊÐ×ÈÕÛɯ ÛÌÈÊÏÌÙÚɀɯ ÚÜÉÚÛÈÕÛÐÝÌɯ ÒÕÖÞÓÌËÎÌɯ ÙÌÓÈÛÌËɯ ÛÖɯ ÛÏÌɯ ÊÖÔ×ÖÕÌÕÛÚɯ ÈÕËɯ

processes within the biogeochemical cycles. To analyze the ×ÈÙÛÐÊÐ×ÈÕÛÚɀɯÙÌÚ×ÖÕÚÌÚɯ

to the questions, the researcher prepared a rubric consisted of the scientific 

definitions of the concepts and processes of the biogeochemical cycles (Table 3.8).  
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