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ABSTRACT
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PEDAGOGICAL CONTENT KNOWLEDGE REGARDING BIOGEOCHEMICAL
CYCLES IN THE CONTEXT OF EDUCATION FOR SUSTAINABLE
DEVELOPMENT

8¢ OOE4a w81 OEPOw! ET EU
Ph. D., Department of Elementary Education
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June2019,341 pages

This study investigated 1 B x1 UD1 OEl EwUED]I OET w {IMKEdnd UUz wUUENTI E
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

gualitative research multiple case studies were used as research design. [&ta 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 associatel sustainable development
v



with the carbon cycle mostly but they could not reflect their SD understanding to
their teaching of the cydes. 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
Of wOT 1 wU UrénkisitORnaMedge ik drder to comprehend the t opic, they did
not EOOUDEIT U wdifferéhE leadhg) styles during their teaching practice.
Moreover, it was found that teachershad limited knowledge of both subjectspecific
and topic-specific instructional strategies. Teachers generally used teacler-centered
strategies which caused them to be incompetent for implementing ESD. Similarly,
teachers adopted traditional assessment method. Eventually, it 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 strategiespecific to ESD andintegrate their SD understanding with

different topics .

Keywords: Pedagogical Content Knowledge, Education for Sustainable

Development, Science Education Matter Cycles.
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CHAPTER 1

INTRODUCTION

In all sub-1 DT OEVUw OI wi EVEEUPOOOwWUT 1 wOEPOWEDPOwWOI w
Ol EUOPOT WEOEWUOETI UUUEOCEDOT dw' OPI1 YI UitheUT EET T U
most influential factor on classroom learning ( Lumpe 2007). Thus, teachers have

enormous Mx EE0w OOw UUUET OUUz w UOET UUUEOGEDPOT w EOE w
Brown, Friedrichsen, & Abell, 2013; Lumpe, 2007; Sanders, 2000; van Driel, Beijaard,

& Verloop, 2001). D OET whuNWYz UOwi EVUEEUDOOwWUI Ul EUET 1 UU wl
ssUIEETT UwOOOPOI ET1 zZwEOEwWwssUI EETT UwxxUEEUDI
YEOUEEOI wEEUEwWUOwWI RxOEPOwWUT T wi i i1 ECUwWOI wUI EE
success(Abell, 2007; Aydin, 2012; Carter, 1990; Friedrichsen, 2008; Grossman, 1990;

"EUT PITOwl YYkOww, ET OUUUOOOwW* UENEDOO@An! OUOOO
Zembylas, 2007; Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 2008).

In the first half of 20" century, reUl EUET 1 UUw EOOEOUET Ew U1 EVw (
knowledge is the most important indicator of qualified teachers. Afterward,

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

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).

1



Shulman's PCK construct explained the question of what successful teachers should
OOOPWEEOUUwWPEaAaUwWUOWO!I EEWUUUETI OUUzwUOET UUUEOEDOI
GessNewsome & Latz, 1994; Mulhall, Berry, & Loughran, 2003). PCK can be

EOOEI PYI E w Edétaildd | kkowlbdge) &bgutu both subject matter and the

T1 01l UEOQwx1 EET OT awUI T EUEDOT wOT T woil EUOTI UUzwxUBPOUW
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 al® offers a perspective for science education researchers.

$UxI EDPEOOaOw, ETOUUUOOwWI UDwEOSZUw pruNNNAwWUUEOUI QU
dominantly in most of PCK studies in the field of science teacher education (Abell,

2008; Kind, 2009). In this model, regarchers 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

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

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

knowledgl wUDOET wUT 1 awl0i OUTT Owl0l EVwWET OPI | UwEl I 1 EQwOIT

(OUxPUI EwWEAW3EOPUW pNWWAOwWUT T awbOEOUxOUEUI Ew? O
PCK model. Moreover, UT 1 w U1 U O uor® & Qdadhingc ufposes? w UUT Ew Ea w
&UOUUOEOQOWPEUWET EOTT EwUOwW? OUDThGUIE herdPCku UOwWUEDIT OEI
model for science teaching (Figure 1.3, Magnusson et al. (1990) described five

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

UOUEIT O (eitanding,&& 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
2



Ul E E ISMKJdng REK to give insights into the practical value of PCK in the topic

of biogeochemical cycles in the context of sustainable development.
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Students School

Figure 1.1.Magnusson et al. (199% aviddel of the Relationships among the Domains
of Teacher Knowledge [modified from Grossman, 1990] (p. 98)
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1.1Science Education and Education for Sustainable Development

Since 1950s, theperennial 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 change 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 reed to emphasize sustainable
development (SD) issues due to the rise in environmental problems (e.g., Carter,
2008; ColucciGray, Perazzone, Dodman & Camino, 2013; Feldman & Nation, 2015).
Carter (2008), for example, asserted that the aim of the science adtation 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,

resources efficiently to meet the needs of the future generations and consider the

5



DOEPYPEUEOOwWUOEDPI UEOOwWI EOOOOPEWET Ol 1 PUOUzzZwap, O-1
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

UT 1 PUwUWEEE®OWD w! E OcSOiéhdedducation iy se§hkad a leading

factor to create more sustainable societies (UNCED, 1992)U1 EET 1 UUz wEOOx1 Ul OEDI
have been discussed at all levels of education programsfrom 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 debateThis means that the

Ul EOOEI xUUEOPAEUDPOOW Oi wUEDI OEl wil EUEEUDOOwW UI gUDN
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 a a result of the curricula revisions, the need for

Ul Ul EUET wOOwUI EET 1 Bl thedisciplin& & &cierice i¢ ineVitéble w

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

considerations, the current research which exploresi R x1 UPI OEl EwUEDI OET wUIl E|



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 researctsince 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, 198). 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; Pitieng-Mobasala & Rollnick, 2018; Sen, 204; van Driel et al., 1998). In
response to this need, the current study initially aims to provide valuable

DO OUOEUDOOwWOOWI R x1 YedifiOBOKE w0l EET 1 UUZz wUOXxDE

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

Ul EETT UUzw /" *w UOUUE O U Burtherdodew réabyl éduchtibral0w U O x b
researchers have closen to investigate either teacherg subject matter knowledge or

their pedagogical content knowledge separately. This research also contributed to

/" * wOPUI UEUUUI wpbUT wUI T ESMK anld BCKEQeiherBiEthis) WE OUT u
study, the transformative model of PCK developed by Magnusson et al. (1999) was

EEOx Ul EwOOwWT EUT T UwET UEDOI EwbOi OUOEUDPOOwWOOWUI
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

TEYTI wi OxT EUPATl EwUT EQwUT T Ul wPUWEwWOI T EwOl wuU
transform SMK into their PCK within a disc ipline (Abell, 2008, Aydin, 2012, Sen

2014 Magnusson et al.,, 1999),the current study is supposed to get valuable



DOIi OUOCEUPOOWOOWUI EETT UUzZwWwUUEUUEDOUDY!I wWEOEWUAOUET
1 YDEI OEl wi OUwOT 1 wUEDPI OET wOI EET T UUzw/ "*wbOwUI 1T wEE

Specifically, PCK researches on the field of science education mostly have focused
on the chemistry topics (Aydin & Boz, 2012). SincePCK research in biology topics is
rare (Aydemir; 2014; Aydin & Boz, 2012; Kind, 2009; Sen, 2013 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
PEI OUPI aw UEDPI OEl w UIl EET T UUzw /" *wDOw UTT wEOOUI R
development (ESD). In 20132014 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 sustaiamble
development, the researcher concluded that, due to the being an environmental
issue, the topic of biogeochemical cycles can be an important tool for reflecting
Ul EET I UUz w U O Esustaigdble Gewelbnent. @tiis 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 andsustainable 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 bdter understand the overarching construct of this
8



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

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

In respect of the methodological approach, qualitative research was selected in this
UUUEawUOwIi RE ODP Obpecifid FCR.T Abdll (2908) thightighted that the
UUOUUEUOUUT woOi w/ " * wi PEET Mo celtly, béestiy diots{ljehOD O E wb L
& Onwu, 2013; Kapyla, Heikkinen, & Asunta, 2009; Rollnick et al., 2008) have

suggested to conduct qualitative methods through using various data sources in

OUET UwUOWEDPUEOOUI wi Ob MdCbnadl ktiallJ(P0gemphasiadiil Y1 OO x |
that especially interviews and lesson observations are vital to gain deep
understanding of content knowledge and PCK structure. Therefore, this study used

OUOUDPx Ol WEEUI wUUUEawETI UPT OWUOWOEUEDPOWUDET wEC
by the help of the multip le data sources such as interviews, classroom observations

with help of the video recorder , teacher documents and cardsorting 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 preUl UYDET wUOIl EET |
PCK (Loughran et al., 2004; Nilsson, 2008; Shannon, 2006; van Driel, de Jong, &

Verloop, 2002; ZembatSaul, 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 (AbdEIl-Khalick,

| YYt Ow" OET UEOw! OWEOB OwhNNt Ow* &axa0dow' 1 pOODO
1999; Shulman, 1987). Beause of this reason, the current research is hoped to

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

experienced science teachersregarding the topic of biogeochemical cycles in the

context of ESD.



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 classroomx UEEUDET UwOi wi Bx1 UDbI OEI EwUIl BEhisT UUz w/ " * wb
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 Ul EET 1 UUz wxUEEUDPETI UwbPOwWEUUI T &
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-sertY PET wUEDT OET wUl EET 1 UUzwUI xI U0OPUI wod
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
311 WOEPOWEPOWO! wUOT 1 wUUUEaAawbUwUOwWHOYI UUPT EUT wi R x
PCK regarding biogeochemical cycles in the context of SD. Thus, the following
research questions were put forward to guide the study:
1. 6T EUw DUw UT 1 w UE b lje@ Ematter (knokvlEdge forJ teachidd) E
biogeochemical cyclesin the context of sustainable development?
116 T EOw PUw UT 1 w UEDI OEl w Ul EETT UUzZw UVUEUUEOUD
biogeochemical cycles?
126 T EOUwPUwWUT T wUEDI OETl wUI EET T UUZwUAOUEEUDE WO
science?
1.3What are U7l 1 w UE DI OE lundefSthnBifigl bf USDz regarding
biogeochemical cycles?
10



2.6 T E0wPUwWUT 1 wUEDPI OET wUI EETT UUzwx1 EET O1 PEI
biogeochemical cycles?
2161 EUwWEUI wUOT 1 wUEDI OEI ET T UUzwOUDBPI OUE
226 T E0wPUwWUT T wUEDI OEI ETT UUzwOOOPOI E
biogeochemical cycles?
236 T EOwPUwWUI T wUEDI OET wUI EETT UUzwOOOPOI ET
teaching biogeochemical cycles?
246 T E0wDPUwWUT T wUEDI OETl wUI EETIT UUzongOOOPOI |
biogeochemical cycles?
256  EOwPUwUT T wUEDT OETl wUI EET T UUzwOOOPOI E
biogeochemical cycles?
1.4Definition of | mportant Terms

Pedagogical Content Knowledge (PCK)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:
$s70868PUWEwWUI EETT Uz UwUOGEI UUUEOGEDOT woi wi 6pwlob
matter. It includes knowledge of how p articular subject matter topics can be

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

The pedagogical content knowledge were investigated with the adopted model of
PCK (Magnusson et al., 19999 Qw Ul UOUwOi wUEDI OET wUI EET T UUzZ
teaching, knowledge of -curriculum, knowledge of instructional strategies,

O0O0POI ETT wOi wUUUET OUUz wUOET UUUEOEDOT OWEOEwWOO

Orientations to Science Teachinig defined EUw Ul EET 1 UUz wOOOPOT ET 1 wEC
the goals of science teaching at a specific grade leve(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

11



Of WEUUUPEUOEUWOEUI UPEOUWEOGE wWUI RUE G@r@itpwE OE wOT T wl
(Borko & Putnam, 1996; Magnusson et al., 1999).

Knowledge of Curriculunconsists 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 ofristructional Strategiesncludes two categories: knowledge of subject-
specific strategies and knowledge of topic-specific strategies. Subjectspecific
strategies in this category represent the generd approaches to enacting science
instruction (Magnusson et al., 1999). In this study, teacher centered strategies and
student centered strategies UT EUw x EUUPEDXxEOUw Ul EET T UUzw T EQEO]
EPOT I OET 1 OPEEOQWEAEOI UwUOx DE w b Hedge Ofsubfeat UOwW EOEQa 4l
to facilitate student learning of specific science concepts. Representations and

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

Knowledge o2 UUE 1T O U Uz w4ni2énk tdddheEkAolviBddd that helps student to

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

Ol EUOPOT WEOGEwWUT T wEUI EVwWOI wUUUEIWKdgledgeDi | DPEUOUDI |
of requirements for learning refers the knowledge about prerequisite knowledge for

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

UUOUET OUUZ wEDPI i PEUOUDPI UwOl EOQUwWUT EVQweéptsBrET 1 UUZ wO OO
areas that student learning is difficult.

Knowledge of Agessment 1 | T UUwUOOwUIl EETT UUzwOOOPOI ET 1T WEEOUU WU

students learn. There are two categories which are knowledge of dimensions of
12



science learning and knowledge of methods (Magnusson et al., 1999). The category

Of wWwEPOI OUPOOUWOI wUEDI OET wol EUODPOT wbOEOUEIT Uuw
are important to assess in the teaching of a particular topic. In the literature, the

dimensions of science learning to assess were iéntified 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
xEUUPEDXxEOUwWUI EET T UUzwUT PUwUaxl woOi dggdddOP Ol ET
assessment is the knowledge of methods of assessment. This knowledge refers to

U1 woOl UT OEVUwWwUT EVwUI EETT UUwWI OxO00al EwUOwEUUI

science learning (Magnusson et al., 1999).

Subject Matter Knowledge (SMKjefers to elemenE Ua w UEDIT OET w Ul EET 1 U:
knowledge consisted of substantive and syntactic structures (Schwab, 1964 in the

topic of biogeochemical cycles. Biology has a special standing concerning teacherg w

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

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

OO0OPOI ETT wUIIll UUwxEUUPEDXxEOUwW Ul EET T UUzw EOU
concepts & processes) and SD understanding whereas gntactic knowledge is

x1 UUPOI OUwUOOwWUT T wxEUUPEDXxEQUwWUI E EBéghrdingz wUOET |

biogeochemical cycles.

Sustainable Developme($D) has gained wide acceptance in the late 1980s, after its
appearance in Our Common Future, also known as The Brundtland Report. The

Ul xOUOWET I DOT EwUTT wUOl UOWEUOwssSEIYI OO0x0O1 60w
without compromising the ability of future generations to meet their own needs

(WCED, 1987 p. 41A 6 Thige pillars of society, economy and environment are

needed to consider together at the core of sustainable development.

13



Education forSustainable Development (ESEfers 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, 201d).
Experienced Teacheme Ul 1 w x UEEUDPUDPOOI UUw T EYDPOT wEUwW O EU0DwW
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.

14



CHAPTER 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 teachetbz w2 , * wUI T E UE b O PAKEeRgArch@dcandudied n ddihU O w
Turkey and abroad were summarized. Finally, studies aiming to explore science

Ol EETT UUzw/ " * wi SDweke@xamined.. 2 WEOE w$

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. 21T UOOE Oz Uw qpruNWA AwET I DOPUD

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) sugyested 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. [ U1 U w 2 T fitsOfddpdBal, tnany other
researchers modfied and reinterpreted PCK (GessNewsome, 2015; Grossman, 1909;
Lederman & GessNewsome, 1992 Magnusson, Krajcik, & Borko, 1999; Park &
Oliver, 2008). A paradigm shiftin the field of teacher education research was

OEUI UY] EwUxOO0Ow21T UOOEO7ZUWET i POPUPOOWEOEWEOOUUUUELC

In the following year, TaOD U wpruN WWA WP EUwbOUx DUl EwEaw2i UOOEOz Uu
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 pedgogical knowledge and subject
matter-specific pedagogical knowledge which is actually PCK. Knowledge of
UOUET O0Uz wUOBEI UUUEOGEDPOT OWEUUUDPEUOUOOWDPOUUUUEUDOC
components of subject matterUx1 EDI PEw x1 EET OT PEEOworlOO 0P Ol ET 1 6 w

contributed knowledge and skills for assessment to the PCK models.

A oo~ s AN oA A s N e s s oA

(01 OUI OEl Ew Eaw 21 UOOEOzUw /" *w EOOUUUUVUEUOwW &UOUUO
researcher to systematize the elements of teacher knowledge. She expanded

21T UOOEOZUWEI i POPUPOOWEOGEWUET I OEUPATl EwUT T wEOOUUDL
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) conceptn of teaching

16



purposes, 2) knowledge of students (their understanding or misunderstanding of a

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

UOUEUI T Pl UBw &UOUUOEOwW EOOUPET Ul EwUT 1 w?2EOOEI
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.

Subject Matter Knowledge General Pedagogical Knowledge
Syntatic Substantive Learnerls and| Classroom| Curriculum |[Others
Structures |CONteNt| structures learning  [Management and

instruction

| |

Pedagogical Content knowledge

Conceptions of Purposes for teaching Subject Matter

Knowledge of Curricular Knowledge of
Students’ Knowledge Instructional
Understanting Strategies

|

Knowledge of Context

Students
Community | District | School

%DT UUIT wl 6 vd w&UOUUOEPBINNY Az Uw/ " * w,

Adopting a constructivist view of learning, Cochran, DeRuiter, and King (1993)
UUTTTUOI EwOT EOwUOTT Ul uwPUWEWOI T Ewi OUwEOwWEOU
EOOEI xUUEOPAEUDPOOwW Ol w /" *83w 3T1T aw xUOOOUI Ew U
*O0O0pPDPOT »w o/ " * T Aw Uy émphasiaed PACR Ehaswdyhamic and
EI1 YI OOxDPOT wOEUUUI w3l 1l awEUPUDPEDPATl Ew2T UOOEOQuwc
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transformative PCK. In their perspective, PCKg was whole rather distinct and
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.

Knowledge
of

pedagogy

Knowledge Knowledge
of of
environmenta subject
contexts matter

Knowledge
of
students

@D Without teaching experience
@ With little teaching experience
() With teaching experience

Figure 2.2." OET UEOwl DWE OGS woptped8) Az Uw/ " *T w, OET O

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

18



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

I Ol O1 OUUWEUI wbOUI UEI xI OEI OUB w( OwOUT T UwhpOUEUC
proved PCK to be a continuous journey in addition to showing that growth in one

component has an impact in the overall PCK.

a. Bird’s Eye View

CONTENT KNOLWEDGE

KNOWLEDGE OF STUDENTS

Assessment
Context I Socioculturalism |

Erraronment PCK

I Nature of Science

Classtoom Management

b. Side View PC K
Context ' i Curriculum
Assessment
Environment S ocioculturalism
g Pedagogy
Nature of Science Classroom MManagement

CONTENT KNOLWEDGE

Figure 2.3.Veal & Makinster (1999 z Uw' D1 UEUET D HE O, OET Qwoi u
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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 peaking a different language (students).

In their recent work, Park and Oliver (2008) worked on and developed Magnusson
Il OWEOB wophuNNYAZ UwOOET O3 w3T 1 PUwbPOUOWDOUUDBEUET EwEuW
Ul EET T Uwl i I PEEEa? 8 w31 I wE UconstldtidhiaOHexagoBauUT DPUWOOE] ¢
Model (Figure 2.4). Not only the introduction of the concept of teacher efficacy but
EOUOwW UT1T w il OxT EUPUW OOw Ul i Ol EUPOOOwW UUUETI O0UZ w U

Beliefs about Purposes Decision Making Beliefs about
of Learning Science In Teaching the Nature of Science

Orientation to Teaching Science

influence influence

Knowledge of Assessment

Knowledge of
9 of Science Learning

Science Curriculum

- A P - _
Curricular Horizontal Dimensions Methods of
Materials Curricular Vertical of Science Assessing

Saliency Curricula Leaming Science Leaming
to Assess
influence influence
A 4 y

Knowledge of Instructional
Strategies for Teaching Science

Knowledge of Students
Understanding in Science

Mlscmcépnons influence Subect . )
ubject-specific oL oo ific

Needs Strategies
. Strategies
Learning  potivation Teacher Efficacy ——
Difficulties & o
Interest Representations  Activities

Context-specific Domain-specific

Figure 243 w/ EUOQwdé w. OPYI Uwapl YYWApRaE) I BRET OOEOw, OEI ¢
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When we look at the Hexagonal model, we see that the authors referred to two

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

uOET UUUEOEDOT wOl EOVUwWUT EQwUT T wUOI EETT UwUl EOT OD
learning difficulties, and the instruction strategies needed to explain a specific topic.

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

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 Ol Ew ? x UOEUE U U w
Il EUEEUDOO? wbi DPET wWEUI wEOOUI OUwUI xUI Ul OUEUDPOO!L

content, curriculum saliency, and assessment.

Manifestations Curricular Assessment
of teacher [* : "
knowledge [T . TDF_””F’EC' c
) instructional strategies
— | Representations

Domains Subjet Matter | - “|Knowledge of
of teacher [ Knowledge - Context
knowledge ' :

Knowledge of | Knowledge of
- n Pedagogical Knowledge!

Figure 256 w1l O OO O P E O urhilored POK Mogel (§.¥38% z U w
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Influenced by Cochran, DeRuiter and * D OT w NNt Az UwU0l EETT UwOoOOPOI EIl
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 modelb a uwP OEOUEDOT wUI EET 1 UUZz wE
According to this new model (Figure 2.6), there is a reciprocal relationship between

Ul EET T UUzZwE]I OPI1 | UWEOEwWUI EETT UwOOOPOI ET1 WEOOEDOUSG

Explanations
Curricular Interactions
Manifestations " .
of Teacher :> b with Students
Knowledge
Representations

Topic Specific
Strategies

Knowledge of
SubjectMatter

Knowledge of
Context

General
Pedagogical

Knowledge of
Students Knowledge

Beliefs

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

Finally, the latest PCK model (GessNewsome, 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 this 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

Ul xUI Ul OUEUPOOS w( OWEEEPUPOOWUOWUT T Ul OwUT T wUIl EET I
potential misconceptions and challenges, dispositions as well as scientific methods
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EQEWExxOPEEUDPOOUB wW. OwUT 1T wOUT T Uwl ECEOwWUI EET 1 U
Ul EET DOT wOUDPI OUEUPOOWEOOWEEUWEUwWI POUT UUwBOwW
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
UUUETI OUUZwEI OPI T UOwWw EITTEYPOUOWEOQGEW Ide®UUDOT w
OUUEOOI UWEEOWEI wUUI EwUOwI YEOUEUI wUI EETT Uz Uu
UPOET wUT T awEI T 1T EOwUI EETT UUzwxl UUOOEOQW/ " * WEET

and the topic-specific professional knowledge.

Teacher professional knowledge bases

Assessment Pedagogical Content Knowledge Curricular
knowledge knowledge knowledge of students knowledge
3 1 ik

A J Y
Topic-specific professional knowledge
Knowledge of instructicnal strategies, content representations,

student understandings, science practices, and habits of mind
L

¥

Amplifiers and filters: teacher beliefs,
orientations, prior knowledge, and context

Y

Classroom practice

> Personal PCEK/PCK&S !
knowledge, skill, and «i»
enactment :

Classroom context [
(eurriculum, etc.)

Y

Armplifiers and filkers: student
beliets, prior knowledge, behaviors

Y
Student outcomes

Figure 2.7. Consensus Mdel of PCK (GessNewsome, 2015)
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As can be seen, in PCK literature, there are many definitions and models of
pedagogical content knowledge. GessNewsome (1999) examined PCK in two
categories asintegrativeand 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 sepaate 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) indicates 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.

Subject Matter Pedagogical
Knowledge Knowledge

| 1

* Pedagogical Content *

Pedagogical
Knowledge

Knowledge

Enowledge
Contextual '
Knowledge Contextual
Knowledge

(Integrative)

(Transformative)

* =Inowledge needed for classroom teaching

Figure 2.8 Integrative and Transformative Mo dels of PCK (GessNewsome, 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 componentssuch as pedagogical

knowledge, subject matter knowledge, and context knowledge. Additionally, there
PEUWEWEOOUI OUUUwUI T EVUEDOT wOT 1T wlUI EETT UZUwWOOOP
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 o aEl OP&a wé w* ¢ UEnJ20120Ctemmory ¢t kal®) 19934 Brdzhsler

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

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

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

Karal & Alev, 2016; Magnusson et al., 1994; Magnusson et al., 1999; 1| OOOw" Ee EEE wo
Mellado, 2017; Nurmatin & Rustaman, 2016) in the different contexts However, as

Ul WUEOxT wOl wUI 1l wUUUEaAawPEUWUEDI OEIl wUI EET T UL
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.

25



2.1.2.1. Studieson2 EDI1 OE1 w31 E E BibldgyTppics " * wO O
Researchers explored the construction and development of PCK in teaching biology
topics using two different approaches (Mthethwa -Kunene, Onwu & Villiers, 2015).
371 wi PUUUWExxUOEET wbOEOUEI EwOOOT PUUEDPOEOWUUUEDI
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., 2007GessNewsome 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 preservice

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 analyzd the

development in the pre-Ul UYDEIT w EDOOOT aw Ul EETIT UUzw OOOPOI ET |
experience over time. Data sources for the research included written account of

POUIT UYPI PUwPPUT wUI EETT UUOwWUI EETT UUzwOl UUOOwW x OE(
materials they produced for in-class use. The study showed k16 experience and

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

Of wi UOUUT w Ul EETTUUzZw VUEDI OET w U EET DPOT 6w 3T 1T w UIT L
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,
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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

Ul EETT UUBw UVUwWEwWUI UUOUOwWUI EETT UVUWEOUOEOz Owi OC
using different activites 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.

11 U0UOUDPOT wi UOOWUT T PUWPDPOODPOT O UUwWwUOWUI UxOOE L
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 analternative 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

x OEOU Wl OUwUT 1 wOl EET DOT woOl wOT 1 wEOOE! plddsuOi wi 1 U
were used as primary data sources in addition to transcription of follow 1up

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

Ul EETT UUzwOUPI OUEUPOOwWUOwWUI EET POT wWPEUWEDEEE
plans. Not possessing pedagogical content knowledge in the field of heritable

variation, all participants relied on and benefited from their general pedagogical
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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 goals and objectives did not show
any sign of change. It is also worth noting that when teachers were more aware of
UUUET OUUZwWET EOCOI OT T UWEQEWOOOPOI ETT EEOI WEEOUUOWUT
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-EEUT wUI xOUUOwOi wUUUEI OUUzwEDPI I PEUOUD
and challenges. Therefore, it can be said that there was a correspondece 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 wellasteE ET | UUz wE] OPI1 | wi EYTI wEOwWDOXE
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 (200747 Uw OO O1 B U U E b O E-@unldddhichataitvestiats wO O 01
how Ul EET 1 Uz UwUUENI EUwOEUUI UwOoOOPOI ETT wi YOOVYI
teaching experience. The study was conducted with secondary school science

teachers for 17 years in Australia. The research employed oneto-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 suggsted

EwOOEI Owbi PET wUT OPUwWUT T wil UOPUT woi wUI EETT UZU
These stages are 1) academic details acquisition, 2) curricular aggregation, and 3)

intra - and inter -disciplinary linking and pattern construction.
Orientation to science Ul EET POT wiT EVUw xPYOUEOQwW xOUDPUDPOOwW b

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 male 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 gods were defined as main factors
EOOUUOOODPOT wUI EETT UUzZw Ul EET POT uedehing &ct. OOw EUw 0T 1
Peripheral goals, on the other hand, are less influencing on teaching act. The

Ul Ul EUET wUI YI EOIl EwUTl EQwUI EET | UUk indiGidu@ i OUEUDPOOU w
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

Ul EETT UUzwOUDI OUE U D @oundu Binally, E-dedrichSed fand Béng w UD O

and cannot be constrained to a single orientation.

(OWwOUET UwlUOwI REOPOI wEDPOOOT awUl EETT UUzwxI EET O1 DI
(2010) carried out a research with six biology teachers who had experience in
teaching. The subjects selected for the scope of the study were diffusim and
osmosis. It was observed that five teachers held a constructivist orientation which
EEOOOPOI ETT UwUT T wbOxOUUEOET woOi wUUUET OUUzwEEUDYI
learning and knowledge construction. On the other hand, one of the teachers had
knowle dge transmission orientation in which teachers see themselves as conveyor
Of wOT 1T woOOOPOI ETT wUOWUUUET OUUBw OEOGaabOl wlOT 1 wi EEC
OUbpl OUEUPOOUOwW +EOOI OUEwW ! YRYAw EPUEOYI Ul Ew Ul EUL

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, al 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

EUUDOT woOUOOUPUBwW! 1 POT WEEOTI wUOwWHETI OUDPI awUulOU
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

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

in choosing their teaching strategies. For example, teachers used analogies and
EOPOEUI EwYPE]I OUWEEOUUwWUT T wUOXxPEwpbPdl wWEDI I U
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,

Kaxa OEOw' I DOOI Ol OWEOEwW UUOUEwml YYNAwI BxOOUI E
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 preservice primary school teachers were considered beginnes.

The main elements addressed in this study were knowledge of instruction

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

EVUUUPEUOUOOwW EOCEw Ul EETT UUzw OUDPI OUEUDPOOwW UOw L
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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-Ul UYDEI WwEDOOOT awUl EET T UUwi EEWOOUI wEPEUI O
challenges and misconceptions regarding the selected topics while pre-service

primary school teachers had no awareness. The researchers found preservice

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 | OUwU1l EET 1 UUB w1l 1 EVUEDOT wUOI EETT UUzwbOUDI O
there was a difference between the two groups of teachers. Preservice primary

school teachers put students at the center of the lesson while preservice biology

teachers were teachercentered and held didactic lessons as in Magnusson et. al.

(1999 tiadel 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

Ul Ul EUETT UUOw Ul PUwWET OOOUUUEUTI Uw UT EQw UT 1T w01 EET I
strategies as well as the orientations to science teachig 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,

UUOUYT aUwi OUwUT EETT UUWET U1 Uwdl UUOOUOWUUUET 60U
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
xEUUPEDxEOUUw bl Ul w UBEPEUI w Of w UT1T PUw UUUEIT O

regarding genetics.

Area of expertise was another element explored in PCK studies. Comparative
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 every 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 thatin their major area

they found it easy to adjust the sequence of lesson considering the challenges or

33



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 lessonsn their non -major field. The
researchers observed differences in reflection as well. Whereas the teachers were
EOOEI UOI EWEEOUUWUUUETI OUUzwUOET UUUEOGEDOT wEOEWUT 1
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
xI EET O1 PEEOwWOOOPOI ET T whi wUTT wUOI EETT UZUWEOOUI OUL
beginning; and then, over time they improve and internalize content knowle dge.
OOUT 1 UwUUUEawOOwWUEDI OET wUI EET 1 UUZ umajpr* ubOwx OEOO
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.

(OQwUT T wEEOYI Ol OUPOOI EwUUUEDI UOw UI EET T UUzZ w/
PGUEOPUEUDYI WExxUOEET T UB w3l 1 Ul wEUI wWwEOUOWBUEOI
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

aUl UUOT OUwOl wUI EET T UUzw/ " *wpl YYWOWEUWEDPUI EwbOw/ [
O0OPOI ET1T wOI wUUUET OUUWEOEwWDOUUUUEUDPOOwWOI UT OEUS w
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 sotces. 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.

%UUOT T UOOUI Ow) L UdddNethaus (2@18) Qrid@lined Enbt Ghei last 20
years saw a growth in the number of studies exploring teachers professionalism
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
authorUwUUEUI EwUl EQwUI EETT UUZzZwOUDPI OUEUPOOwWUOWU
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 reviewed, 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 scienceteachers.

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

Ul EETT UUzw/ "*whDOwWwEDPOOOT awUOxDPEUBwW 11l EIl OUOaO
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
EOEOaal wUI T wUI EET dcdde) pathdd *fau thed dhalysisDdd PEKO To

understand how PCK is influenced by CK, crosscase 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

Ul EQwUIl EETT UUzZwOUDI OUE UD OO wluédecedy EK btROT wUEDI OET w
Lastly, CK was found to have an impact on knowledge of curriculum as well as

knowledge of assessment while it seemed quite complicated.

AaEl OPUOwW!I EOCUOAOQUWEOOEwWS3] OOEaEwml Yl AWUUUEDI Ew
students through examining five experienced elementary science teachers in
teaching genetics. Knowledge of students, within the scope of this study, was
I RxO0UI EwPOwWUPOWEDI I 1 Ul ODWEEUI T OUPI UowUUUET OOUZ
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 seqence 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 aboutcell, 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 that 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 preservice and
xUOUxIT EUDPYI w UEDI O Espeaifid) PEGKE Fdr example, BkByd @2009R
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 preservice
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 preservice
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 41 EOQw ol Y Y Ni& o Uewplalr) préspective science and

Ul ET OO000T awUI EETT UUzwx1 EET O1 PEEOQWEOT®I OUw OC
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,

*COCAWEOEwWXx AEEQwp!l YAS w3 T PUWUUUEAawWwPUWEDUUDOEUW

two Turkish and two German pre -service science teachers. It aimed to explore the
x EUUDPE D x E OU Uz w/Simtaui@®ilewiher Hedtibned $hdids, 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. Theywere not aware of the place and content of the topic in the

curriculum. 3T 1 AWEOUOWEPEDOZ OwOOOPWEEOU UwWUT T wi UEET wUT T w

and the content of the textbooks regarding evolution. Both 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
gquestioning might be utilized while teaching evolution. Unlike their Turkish
colleagues, German teachers opted for more studentcentered 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 easyto-learn. The abstract nature of the topic of evolution was one of the reasons
behind studenOUz wUOUUTT Ol wUOOWEOOxUIT1 OEwDPUB w
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 gaffilling 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
40
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change in their knowledge. Again, unlike their Turkish colleagues, German teachers
preferred essay type, openended, and two-tier questions. To sum up, both groups
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 approachesto teach. While in the Turkish context, teacher-centered approach
was adopted, German pre-service teachers stayed studenicentered one. Lastly,
Turkish teachers were not able to use special assessment methods for the topic of

evolution.

xx0abOl w gUEOPUEUDYIT w O UT OEUwW Of w Ul Ul EVUET Ow
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 biolgy 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 openended questions and traditional

instruction methods, respectively.

Influencedby / EUOWEOQOEwW" 11 Oz Uwmpl Yl AwUUUEaAaOQw2baUEOQuw
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.

Semistructured 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 uUOET UUUEQOEDPOT woOl wUI T wxEUUPEDPxEOUz Uuw
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.

| 8hud!l 81 B w2U0UEDP]I UwOOw2EDPI OET w3l EET T UUzw/ " *wli OUVw- .
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

Of wUEDI OEl 2 wp- . 2 AOWEOQEwWPUwWUI xUT Ul OUUwWUT 1T w21 Ob2 w
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 teachersin

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

Ul EETT UUzZw-.2wWwEI OPI T UwETI T TEQOwWUTT PUwUI EET DOIT

literature and to explore Ul E E T oridntdtipnuto teaching science in Eastern

societies, the researchers selectedUbP Ow ( OEPEOw Ul EOOEEUaw Ul EE]

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

Ul UUO0UwOI wOT PUwUI Ul EUET wul YI EOI EwU0I EET T UUZ

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

definition of science, 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 were 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 studenU Uz wOIl 1 Ewi OL

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

OT1 O8w( Owlil 1 w( OEPEOWEOOUI RUOwWUT EET T UUz wi BT T 1

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

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

UUOUEAwWEDUEOYI Ul EwOUTT Uwl O OI OUUwbPkT PET wi EYI u

such as classroom management, ¥ UDUI Ewxl UPOEwWOl wUPOI wUOOWEU
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Ul EET 1 UU zassed$irent &bbu© 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 gven consideration in studies

I REODPODOT wUOI EET T UUz wOUDI OUEUPOOUWEUwWUT I awOEa wl EY

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 6week 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 concerned 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 wurse,

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

Ul Ul EUET wUT OPl EwUT EOwUT T wbOUI OUI wEOEwWDOUI TUEUI E
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.
4UDOT w, ET OUUUOOOW* UE N Brantewouk,EHakuisein € AO@011) w qphuN NN A w

studied the pedagogical content knowledge for three elemi OUEUa wUET OOOw Ul EET 1 (
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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 designedwith Hanuscin et E 08 w qpN§IuhuA z U w
model which was adapted from Magnusson et al& w ohuNreg¢lX ByUmaeans of

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

EDOI EwUOWUOGEOYI UwUI EET T UUZ wU O EringlevdycRCE B OT w O
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 patrticipants had prior knowledge ,

both informed and uninformed, yet they demonstrated growth in their

UOEI UUUEOEPOT UBw3i 1T weUUT OUwi OEUUT EwOOwWUI EET |
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

l UEYOWEOEwW" O Ul wel Yt AzUwUI Ul EVUET wbi PET w@UIl UUDPO
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 thenus EwUOwWET U1l UOBDOT wUI EETT UUzwdIl UT OEUOW
EOEwWUUUEI OUUz wEDPI I PEUOUDI UWEOEWODUEOOEI xUDPOOU WO
achieved through pre-bOUT UYPI PUw UOw Ol EUOWEEOUUwWUT T wxEUUDE
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 opportunity to reflect on changes if any

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

Ul YI EOIl EWET EOT T wbOwUI EETT UUZwOOOPOI ETT wWEUwWPRI 00
I OxO0Oawki POI wUI EET BOT wi Y OO U hateigdsuadhéedsire OU U wUT 1 DU
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. #1 OPUE g Al OOuw
Hanuscin, Uzuntiryaki -* OOEEOEDWEOEwW* g UI OAOU wmpl dred Aws UwUUUE a
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 Educatio 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 in-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
aspectsabout 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, #1 OPUEgAIT OQw ol Y ht Aw E O @E WtHAY ItoEaxpbrel the * w i O U
interaction between teaching orientations and PCK components through deductive
approach. The participants of the study were eight pre-service science teachers.
Semkstructured 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
PDOUI UEEUDPOOw B ®EIEd abdul tEdEHing thgd learning science and

knowledge of instruction methods.

Bilican, Tekkaya & | EO¢ UOAOU wp! Yl AWEOOEUEUI EWEWUUUEa w
teach NOS. The research participants were three preservice 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 eE OUE Ul wUT I PUwWUUOUET OUUzwUOBEIT U
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 PCK among pre-service

science teachers.
2.1.2.3. StudieU wO Qw2 EPT OET w3ISBET 1 UUz w/ " * wi OUw

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 omprehend 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 studiesOOwWUEDT OET wUIl &Fdnd UUz w/ " * wi ¢

ESD.

Firsty, ! PUEUEOOw opl Yk Aw i REOPOI EwUT 1 wEx DPEEUDPOOwW O
sustainability to pedagogy and its impacts on studenO Uz wOl EUODPOT wbOwi 1 UwEPUU
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 fic 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.

22a0WTEOOPOT »wi EVUwWT EPOI EwUDPT OPI PEEOGET wbOwE(
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, diffusion 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. RoUl O OU & 6ail UOu
" gUUET Ow2ET UOI U uwénfuEted a sty 10 Exanorie Yehckik) 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

RESEARCH METHODOLOGY

3T 1 wOEPOwWxUUxOUI woOil wUT 1T wUOUVUEaAawPUwlOOwHOYI UUDI
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. 61T EOw PUw U7 1 w UEDPI OET w Ul EET 1 UUZ ueathindgg NT EQw
biogeochemical cyclesin the context of sustainable development?

science?

1.3.What are the scierE | w Ul E @berstdndingu of SD regarding
biogeochemical cycles?

2.6 EOwPUwUT T wUEDI OET wUI EET T UUzwx1 EET O1 DEI

biogeochemical cycles?

2161 ECOWEU]l wOT 1 wUEDI OETl wUI EET T UUzwOUDPI OUE

2.2.What is the science teachers w OO OP Ol ET 1 wOiI wEUUUDEUOU
biogeochemical cycles?

236 T EUwPUwUT T wUEDI OET wUI EET T UUzwOOOPOI ET
teaching biogeochemical cycles?

2461 EOwDPUw U 1 wUEDI OET wUI EET T UUzw OOOPOI |
biogeochemical cycles?

25WhEQwPUwUOT 1T wUEDI OET wUI EET T UUzZwOOOPOI EI
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, 2Y Y WAS w3 T 1 Ul wYPI PUwT UPET wUOIT T wUI Ul EUET T 1
assumptions about society involved (Lincoln & Guba, 1990). They frame how the

Ul Ul EUET T UUwWUOET UUUEOEwWUT T wPhOUOEWEOEwWDHOI OUI OEIT w
research but there is a set of bdkfs 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 belefs, values, and assumptions

that researchers make a consensus as far as the nature and conductfaesearch

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 paradigmsbased
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

52



reality from subjects, typically from people who own their experiences, views and

backgrounds. It aDbOUw UOw UOETI UUUEOQOEwW UT 1T w xT 1 6601 660w
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).

371 wUI Ul EVUET T UwPOUOEWODPOI wUOOWUOET UUUEOEWEOEU
matter knowledge and pedagogical knowledge in the context of EfSD. Because the
focus of the study was to examine teasE | 1 UUz wUOET UUUEOGEDOT OwYDI bl
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

qualitative 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

@ YYNAWUUEU]I UwUil EQw?QUEOPUEUDYI wUI Ul EUET wbUL
Ul wOl EOPOT wbOEPYPEUEOUWOUWT UOUXxUWEUEUPET wC
Hence, in educational research, if researcher seeks undrstandings 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

EIl UEUDxUDPOOwWOI wi BxT UPI OElI EwUI EET T UUzZ w2, * wEODI
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cycles for the current study. To gather in-depth information about the teachers, the
various gualitative 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 (200§ 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 eplores 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 geerate in-depth,
detailed and intensive description and knowledge of well -defined phenomenon or

context (Burton, Brundrett & Jones, 2014; Taylor, Sinha & Ghoshal, 2005

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 experienced 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 scien@ 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 20132014 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
UEDPI OEIl wUI E EIPCK)tberefor? teachets @hounad 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.

9 Firstofall, eccUET OOOUwPI Ul wUil O1 EVUI EWUOWEOBOEUVUEOWUT PU WL
SMK and PCK regarding biogeochemical cycles in the context of SD. The
concept of SD had not beenintegrated into the science curriculum implemented
in 20132014 academic year when the dah collected, so this study was
conducted in middle schools where the EcoSchools 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 scienceteachers in these schools have higher knowledge and
awareness of SD than the ones in noreco 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 teachersthe researcher sgecified, 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
Pl Ul wxPEOI EWEUwWXxEUUPEDXxEOUUWUOwWI 6DOPOEUI wU
practice. Additionally, a s private schools did not give 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, selectedpublic 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
Ul BUOwWI Rx1 UPI OEl EwUEDI OEl wUI EET 1 UUz wkIl Ul wU
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 & 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 aslocation, time, topic, money, respondents
regarding the participants (Marshall & Roseman, 208). 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 the

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 5year 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 researche 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.

Table3.1/ EUUPEDxEOU w31 EET Irvdlighw# i OOT UExT PEw( O O

Participant ~ Teaching Graduation Il EET 1 OC Master/PhD
Experience Degree Degree
Kemal 38 Years Education Science -
Institute Teacher
Arts and Science Physics
Faculty
Hale 26 years Arts and Science Biology Master & PhD
Faculty in Molecular
Biology
Selda 21 years Arts and Science Biology -
Faculty
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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 UOUUET wOi wbOi OUOCEUPOOwWUOwWT 1 UwbOUDT T UWEE
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 Gycles Substantive Knowledge &

SD Understanding
Embedded VNOS-C Questionnaire Syntactic Knowledge

Content Representation (CoRe) Knowledge of Curriculum
Knowledge of Instructional Strategies
Knowledge of Students
Knowledge of Assessment

Card-sorting Activity Orientations to Science Teaching
Video Recording / Classroom Knowledge of Curriculum
Observation Knowledge of Instructional Strategies

Knowledge of Students
Knowledge of Assessment

Documents
31 EET T UUzw#UEPDBOT U Substantive Knowledge
31 EET 1 UUz w$ REOuw/ E x1 Knowledge of Assessment

3.4.3.1. Interviews

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 {in,
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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, semistructured 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

participanUwUT EET 1 UUzZ wEOOUI OUwOOOPOI ETT weOEwx1 EET O1 BE
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 ocience Curriculum stated in

2005and the science textbook approved by Ministry of National Education in 2014

prepared seven semi-structured interview questions to unveil both U1 EET 1 UUz w
substantive knowledge and SD understanding on biogeochemical cycles See

Appendix A). The first three questions are used to obtain detail information about

U1 wUI EETT UUZwWEOOEI xUUEOw O000OP miaéditidnutr@Ow EDOT 1 OET
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 patrticipated teachers

connect the SD issues and biogeochemical cyclesEachinterview 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 To get detailed information about Two weeks before the
biogeochemical x EUUPD E b x E @dneefitdalaidl teaching / About 45
cycles SD understanding minutes
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3.4.31.2 Embedded Views of Nature of Science Questionnaire

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

U1l UUPOOOEDPUI wUT EUwPUwWUUEOUOEUI EWEOEWEEEXxU
|l EYUI Ow! POPEEOOWEOEwW UUOEOwm!l YhhKS

Table 34. The Details of the Embedded VNOS-C Questionnaire

Data Source Purpose Time & Length
Embedded VNOS-C To gather comprehensive At the beginning of the
Questionnaire information about participant study & About 40

Ul EET T UUz wUa OUE 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, sociecultural 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
ExxUORPOEUI OawbPbOwkKYwdODPOUUT UBw3T 1 wxEUUPEDxEODU

3.4.3.13. Content Representation (CoRe)

Loughran et al. (2004) devised Content Representations (CoRes) to make the links
betweenthel R x1 UUOUz wOOOPOI ET 1T wOi weddUI OUOwWUI EET PO
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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

Ul EET I UdperifichdduxemEPCK (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 original format was a table, as an interview tool
Ul EQwUT T wEEOwI | OWEWEOI EUWUOGET UUUEOGEDOT woOi wiT 1 wx
of biogeochemical cycles (See Appendix D). Someadditional 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 One week before the
xEUUPEDxEOQOUwWUI EET I teaching of the topic
on the topic of biogeochemical cycles & About 50 minutes

3.4.3.2. CardSorting 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

Ul EETT UUzwOUDPI OUEUPOOUWUOWUEDT OET wUI EET DOT wbOwWE
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 teached Uz wOUDI OUE Ub O erdphasizéd,) theé fédit@suofpthey hul
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

POUI OETl EwUOwI RxOOUI wUI EETT UUzZw2, *wEOEwW/ " *wh
al. (2005) also discussed that teachers may have more than one orientation which

their goals for science teaching areincompatible. Thus, they emphasized that the

UEDPI OEl wUI EET POT wOUDI OUEUDOOUWOEDOOawi OUODI EL
the goals and purposes of teaching science. Lastly, based on the emphasis on the

Ul EETT UUzwEI OPI | Uw EE Oty Fiediehged & ®énay Q00%E ET DOT w
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
UETI OEUPOUwWPI Ul wUUPOPATl EwUOWET U1 UOPOI wxEUUDPEE
teaching science at & 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 To collect in-depth information At the beginning of the
Activity EEOUUwWXxEUUPEDxECstudy & About 60

orientations to teaching science minutes

3.4.3.3. Video Recording

Video-UT EOQUEDOT wbOYOOYI UwUT 1 wEOOOI EUPOOW Ol ws OEVUUUE
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
EOQEUUUOOOWUT UUPOT UOWUT 1T wxUOT Ul UUwWOT wUI EETT UUz wlI
of the class.1 1 Ul E U E bitloJig ichporta®t 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.

61 POl w* 1 OHatz VwEIOERT DOT U w o ESeldd tHough Geutbp@ thhU wi OUUUOw
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/ To collect comprehensive 8th grade class hours from
Classroom information about the beginning to the end of
Observation xEUUPEDxEOUwWUI the topic

components on the topic of
biogeochemical cycles

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 (Merriam, 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 researchergenerated documents were used to obtain in-

Eil xUl wbOi OUOEUDOOWEEOUUwWI Rx1 UPI OEI EwUI EETIT U

context of ESD.

3.4.3.4.1. Personal Documents

Bogdan and! DOOI OQwpl YYAAWEIT | DOl wxpersod Aeddi@sukaO E U O1 OU
El UEUPE]l wEOWDOEDYDEUEOZUWEEUDPOOUOwWI RxI1 UDI OEI
Ul Ul EUETT Uw UOw UOGET UUUEOGEwW UT T w POOI Uw O1 EODO
perspective (Merriam, 2009).( OWOUET UwUOwl EUT 1 UwUPET WEEUE WEE
Of WEUUIT UUOI OUOwWUT EETT UUZwi REQwxExT UUwPI Ul w!
study. These documents were shared to the researcher during the data collection

process.
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3.4.3.4.2. ResearchefGenerated Do cuments

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 researchgenerated document is to

grasp more information about the situation, person, or event being investigated. In

this study, UEBD1 OET wUI1 E E Iwerd Ukeduag relsEarcByérieratétiidocuments.

These drawings were usi Ew UOw OEUEDPOwW OOUI w bOi OUOEUDPOOwW EEO
substantive knowledge on biogeochemical cycles. Participant teachers requested to

explain their understanding on each cycle through drawing. Teachers were not

interfered with the researcher while they were drawing. In results chapter, based

on Ul E E Tofijikal drawings (See in Appendix E), the researcher redrawn the

drawings of teachers to ease them become clear. Also the researcher use&nglish

YT UUPOOUWOT wOT 1T w3UUOBUT wUI ke unteStariddbie forx EUUDED x E O

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 andea
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.

PCK were explained.

3.5.1. Data Analysis of Subject Matter Knowledge

(OwUl PUwWUUUEaAOQwW?2T UOOEOZUwYDPI PwoOl w2, *wbEUwWUL
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

EOUOw POOEI Ul Ew UTTl w xEUUPEPxEOUwW Ul EET 1 UUZ w
biogeochemical cycles. ThereforeUT 1 wUl EET 1 UUz w2, *lainEdrEte/ " * wbl U
context of SD.( Ow 0T 1 wi 6O0O0OPPOT wUPUOI UOwWUT T WEEUEWEOI
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,
UUEUUEOUDYI wOOOPOI ETT wUIiITUUwUOwWwXxEUUPEDXxEOL

(basic concepts & processes) related to biogeochemical cycles.

371 wUI EETT UUZwWUUEUUEOUDYI woOOPOI ETT woOi wEDOI
with the help of the three open-ended interview questions. In parallel with these

guestions, teachers were requested teexplain the each cycle through drawings. Both

the interviews, drawings and classroom observations were used to understand
xEUUPEDxEOUw Ul EETT UUzw UUEUUEOUDYI w OOOPOI ET |
processes within the biogeochemical cycles. To analyze thex EUUPEDx EOUUz wUIl L
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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