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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.
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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
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demands of students. There was also a difference in applying the instruction
methods in their major and non -major fields. While in their major fields the teachers
possessed a large number of materials and activities and they were good at
planning for their lesson, they needed improvement in planning in their non -major
area. The teachers faced challenges in identifying key concepts to teach, the
appropriate activities for the lesson, the instruction method, and learning goals
when they had deficiencies in SMK. The teachers lacked adequate pedagogical
knowledge in teaching in their non -specialization area. An example of this was the
failure to estimate the length of an activity which caused them to prepare
unnecessary activities. When PCK was considered, the participants were insufficient
in knowledge of students as well as instruction strategies in their non -major fields.
Another difference was observed when their way of teaching was examined. They
were unable to adopt a student-centered approach while teaching in their non -major
field. They were challenged to focus on questions from students in their non -major
area. They did not feel comfortable to make their own definitions for the terms they
need to explain in their non-major area; instead, they focused on delivering the
descriptions from written sources. Another finding of the study was the poor ability
of the teachers to manage the classroom during 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
36



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
43



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
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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

58



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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Using the related literature, the researcher also prepared an overall rubric presented

in Table 3.9 including all components and processes within the biogeochemical

cycles. The rubrics enabled to categorize the participant teE E 1 1 duli$tantive

UOEI UUUEOGEDOT wOOWEDOT 1 OET | OPEEOWEAEO]I UG w! awEEOX |
categorization levels, pE U U D E b x E Orespdidesivere putiuddenuthree levels of

understandng EUw UOUOEw UOEI UUUEOEDPOT Ow xEUUPEOwW UOET UL
understanding. In the following, the explanations of the categories were presented

in Table 3.10.

SEEOI wtohyow3il w$srRxOEOEUDPOOUWOI w" EUIT OUDPI Uw Ol w
Knowledge

Category Explanation
/| EUUPEDxEOQOUwUI E E lintludidg all th@pomeatsJdndE
Sound xUOET UUT Uw Ol wUi 1l wEAEOI wEI DOT wi

should be consisted with the scientific explanations.
/| EUUPEDXxEQOUwWUI EETT UUzwUOEI UUUE
Partial on both components and processes within the cycle being
I YEOUEUI Ew3T 1 wUOI EET T UUzwUI Ux O«
the statements:
T did not include at least one component and/or process of
the cycle being evaluated,
T included inadequate explanations when compared to the
scientific explanations.
~ /EUUDPEDxEOOwW Ol EEIl UUzw UOEI UUL
- ECY 1 W explanations and misconceptions related to the components and
processes of the cycle being evaluated.
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3.5.1.2. Syntactic Knowledge

The syntactic structures of a discipline refer to the rules of evidence and proof used

to generate and justify knowledge claims (Abell, 2007, p.1107).Abd -El-Khalick and

Boujaoude (1997) emphasized that Nature of Science knowledge is referred as the

syntactic knowledge of the science discipline. Therefore, to gather participant

rubric that serve as a basis for evaluation of VNOS responses (AbdEI-Khalick, 1998;

Lederman, Schwartz, Abd-El-Khalick & Bell, 2001). This rubric (See in Appendix F)

shownin T 1 Ox1 EwUT 1T wUI Ul EVUET wi OEEOI wUOT 1 wETI Ul UOD
views of NOS.

3.5.1.3. SD Understanding

/| EUUPEDxEOUwW Ul EETT UUzw UOEI UUUE Oigseed lwareOOw UUU
examined as a knowledge type under subject matter knowledge regarding the topic

of biogeochemical cycles.IOQwW OUET UwUOOwi REOPOI wxEUUPEDxEOUW
SD in terms of biogeochemical cycles, four questions were asked (See in Appendix

A). To be able to determine the science Ul E E |cbnteptions on the relations

between biogeochemical cycles and SDissues the thematic connections between
biogeochemical cycles and sustainable development developed by Koutalidi and

Scoullos (2016 p.14) were mainly used (Table 3.1). Additionally, the researcher

added some issues and phenomena through the related literature. After that, the

researcher usedseven categories of SDdeveloped by Kilinc and Aydin (2013 , p.741)

in order to identify UT 1T w0l EET 1 UUz wd BB Gamé éxitihd codeHvidd U w

revised and also additional codes (in italic) were derived from the data of the

current study. These seven categories and alsaodes formed under them can be

seen in Table 3.12
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Table 312 " EUI 1 OUPI Uw EQCEw " OET Uw 4Ul EwUOOw ( El OUDI
Understanding (Kilinc & Aydin, 2013, p. 741)

Categories Codes

Environment Sustaining the natural balance
Finding permanent solutions
Interdependecy of living things
Damaging the environment

Society Future generations

Improving the living standards of the society
Sustainable lifestyles

Awared/Educated society

Health of the society

Shared responsibility

Economy Creating new job opportunities
Sustainable production
Productionbasedievelopment
Sustainable investments
Industrial development

Dependency on foreign trades

Energy Using renewable energy sources

Scarcity of energy

A =4 A= =448 _a_a_-a_°2_2°._-Aa°_>4a@.o4a/.95"-12_-24.-.4a._-.2

Politics Having strong government and catching up with
developed countries

Developments in every area

Developin policies

International treaties

Technology Developing technologies

= (=a|=a =4 =

Education Developments in education

3.5.2. Data Analysis of Pedagogical Content Knowledge

In order to analyze experienced UEDT OET wUIl EET T UUzw/ " *OwUl 1T wC
Magnusson, Krajcik and Borko (1999) was used in the current study. The model
consists of five components which are orientations to science teaching, knowledge
of curriculum, knowledge of instructional strategie UOw OO OP Ol ET 1T w O w UU
understanding of science, and knowledge of assessment. All components were used
POWOUE]l UwUOwWEOEOa4al wxEUUPEDPxEOUwWUI EETT UUZ w/ "
The details of the components and subcomponents of the model are shown in Table

3.13
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Table 3.13 The Components and Subcomponents of the PCK model used in the

current study

Components Subcomponents

Orientations to Science teaching Central Goals
Peripheral Goals

Knowledge of Curriculum Goals and Objectives

Curriculum Materials

Knowledge of Instructional Strategies  SubjectSpecific Strategies
Topic-Specific Strategies

*OO0OPOI ETIT wOi w2UUEI20UET OUUz w1l gUPUI Ol
Understanding Areas of Student Difficulty

Knowledge of Assessment Dimensions of Science Learning to Assess
Methods of Assessment

3.5.2.1. Orientations to Science Teaching

, ET OUUUOOwWI DWEOS wephuNNNAWET | DOT UwUT DPUWEOOXx OO1 OU w(
beliefs about the goals of science teaching at a specific grade levelThe orientations

as an overarching component of PCK play a central role and guide teachers to

decide the planning of instructional strategies, the content of the student

assignments, the use of curricular materials and textbooks and the evaluation of

stuEl OUUz wUOGEI UUUEOGEDOT wp! OUOOwWdw/ UUOEOOWHRNNt OQuw,
literature, there are nine different orientations discussed by the science researchers

respectively, process, academic rigor, didactic, conceptual change, activity driven,

discovery, project-based science, inquiry and guided inquiry. The details of the

orientations are shown in Table 3.14 ( OwUTl PUwWUUUEaOwUI EET 1 UUz wOUDI O
teaching were uncovered by the help of the card-sorting activity explained in data

collection tOOOUw DOw ET UEPOSw (Ow EEVUEW UOUUDOT wEEUDYDUA
TEUTTUI EwWEAWEOUT wUT T wgUI UUPOOUWEEOUUOWUT T wUil EET I
science and the thirteen scenarios including the nine orientations mentioned below.

The obtained data were categorized in two dimensions which are central goals and

peripheral goals proposed by Friedrichsen and DEOEw ol YYKAwUOwl Rx OEDPOwUI

beliefs about goals of teaching science.
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3.5.2.2. Knowledge of Curriculum

This component of PCK consists of two categories namely, knowledge of goals and

objectives, and knowledge of specific curricular programs and materials

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

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

offered by Ministry of National Education and pursued in all elementary schools in

Uil WEOUOUUaGw/ EUUPEDx EOU wrh #ds lobtdihetzby @O O O1 ET 1T w OI
help of the CoRe interview questions and their teaching practices recorded by video

camera. Codes both generated based on the gathered data and PCK literature were

UUl EwmUOwEOEOa4l wxEUUPEDxEOUwW Ul E Eives, didiz wu OOOPOI1 ET

knowledge of materials.

Table 3.15. The Categories and Codes of Knowledge of Curriculum

Categories Codes
Knowledge of Goals and Obijectives of the topic
Objectives Horizontal relations

Vertical relations
The violation/modification of the curriculum

Knowledge of Materials Dependence on curricular materials
Sources that teacher use
Aim of using source

3.5.2.3. Knowledge of Instructional Strategies

In the PCK model of Magnusson et al. (1999), knowledge of instructional strategies

component is constituted of two categories: knowledge of subject-specific strategies

and knowledge of topic-specific strategies. Subjectspecific strategies means

Ul EETT UUZwOYI UEOOwWExxUOEET | Tha siratdgEsDinh HE wi OUwW UEDI ¢
category represent the general approaches to enacting science instruction

(Magnusson et al., 1999).In this study, teacher centered strategies (for example;

Lecturing, Questioning etc.) and student centered strategies (for example; 5E

Learning Cycle, Conceptual Change Approach, Guided Inquiry etc.) that participant

Ul EETT UUzwl ECEOI EwUOWUI EET wUT1T wEDOT |1 OET 1 OPEEOuW I
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Ul EET T UUzwOOOPOI ET T woOi uropitisiediie Stratdged réfd toD E w U U U

concepts. Representations and activities are two categories of this type of strategies
@, ETOUUUOOWI UDWEOS OWRNNNAG ww( OWwOUET UwUOwWEOBEO3
topic specific strategies, the categaies shown in Table 3.16 were used. Participant

interview questions and their teaching practices recorded by video camera.

Table 3.16 The Categories of Knowledge of Topic-Specific Strategies

Category Type of Category

Knowledge of Representations lllustrations (Photos, Videos, Figures, Drawings)
Examples
Models
Analogies, Metaphors
Simulations

Knowledge of Activities Demonstrations
Investigations
Experiments
Problems

} k8l KOS w* OOPOI ET 1 wOi w2UUETI OU0UUz w4a OET UUUEOGEDOG
This type of knowledge means teacher knowledge that helps student to develop

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

EQEwUI T wEUI EUw O w UUU Eskod @tUa.,u1$98)] Knewketdgd 61 U w o,

requirements for learning refers the knowledge about prerequisite knowledge for

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

UUUEI OUUzZ wEDI I PEUOUDI UwOIi E Otdaistidnée GandgptsoE | 1 UUZ L
areas that student learning is difficult. There are several reasons why students find

difficult to learn science concepts. Thus, teachers should be having enough

knowledge about the difficulties that specific for each science topic (Magnusson et

al., 1999). In this study, the categries and codes used for analysis ofthe participant

Ul EETT UUzwOOOPOI ETT woOl wUUUET OUUzZwUOKI UUUEOE
were presented in Table 3.17 / EUUPEDxEOQOUw Ul EET T UUzw OOOGPO
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understanding was obtained by the help of the CoRe interview questions and their

teaching practices recorded by video camera.

Table3.1737T 1 w" EUI 1 OUDPI UWEDQE wW" OET UwoOil w* 0O6pO1 ET1T wodi w2U

Categories Codes
Requirements of Prerequisite knowledge on biogeochemical cycles topic
Learning Abilities and sKkills that students need to learn the topic

2U0U0EI O0Uzwol EUOPOT wUlUaol U

Ul EUwOI w2 U Abstract structure of the concepts
Difficulties Misconceptions about the topic
The existence ofterminology

3.5.2.5. Knowledge of Assessment

3T DUWEOOXx OOl OUwWOi w/ "*wOOE]I OwUUI EwbOwUI PUWUUUEa
about the ways what and how students learn. There are two categories to underlay

this type of teacher knowledge: knowledge of dimensions of science learning and

knowledge of methods (Magnusson et al., 1999; Tamir, 1988).The category of

EPOI OUPOOUWOI wUEDPT OET woOl EUODOT wPOEOUET UwUT T wEUX ]
important to assess in the teaching of a particular topic. In the literature, the

dimensions of science learning to assess were identified as conceptual

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

skills (Champagne, 1989. Based on the context of the study, hese dimensions were

adopted as conceptual knowledge, syntactic knowledge (NOS understanding) and

SD understanding of participant teachers. The other category of knowledge of

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

the methods that teachetJw 1 Ox 00al EwUOWEUUI UUwUUUET O0Uz wUxI [

science learning (Magnusson et al., 1999).

In this study, teachers knowledge of methods of assessment is categorized as
formative and summative mentioned in the literature (Earle, 2015). Formative

assessment is the evaluation during the learning process to provide ongoing

implemented to understand how well students have learned at the end of the unit
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(Sadler, 1998). In formative ass&) UOT OUOwWUT T wx UUx OUT whUwUOwWOOOE

process. However, summative assessment is interested in the students overall

achievements and products (Black et al., 2003). Moreover, the ways of assessment

were labeled as formal and informal with para llel to methods of assessment.

Table 3.18 Categories and Codes for Knowledge of Assessment

Categories Codes
Knowledge of dimensions of science learning Conceptual understanding
to assess SD Understanding

Nature of science
Science process ESD skills

Knowledge of Methods of Assessment

The type of assessment
Formative & Summative

The way of assessment
Formal & Informal

3.6. Trustworthiness of the Study

The aim of trustworthiness in a qualitative research is to support the argument that

UT 1 wUT Ul EUET zUwi POEDPOT UWEUT w?pPOUUT wxEabOT wEC

statement is completely related to validity and reliability issues. The terms

sUIl OPEPERWEOEwWsS YEOPEPUAZwWEUI wOOUwWUUI EwEawOEC

Lincoln and Guba (1985) prefer the terms credibility, transferability, dependabilitand

confirmability, because they felt that these terms better reflect the underlying

assumptions involved in qualitative research (Trochim, 2006). Table 3.19 shows the

xUOxOUl EwUl UOUwPOW@UEODPUEUDYI wUI WriteddJET wEOE wU

Table 3.19Proposed Criteria and Analogous Quantitative Criteria (Trochim, 2006)

Traditional criteri a for quantitative

Alternative criteria for qualitative

research research
1 Internal validity 1 Credibility
1 External validity (generalization) 1 Transferability
1 Reliability 1 Dependability
1 Objectivity 1 Confirmability
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3.6.1. Credibility

Credibility means that how results of a study coincide with reality (Merraim, 2009).
To establish trustworthiness in a qualitative research, confirmation of credibility is
most important factor (Lincoln & Guba, 1985). There are different strategies to
increase credibility; making triangulation, prolonged engagement, external check by
peer review, clarifying researcher position and member check (Creswell, 2007;
Merriam, 2009). In this study, triangulation, peer review, prolonged engagement in
the classroom <ttings and clarifying research position was included to address

credibility in the designing the research procedure.

Firstly, the researcher used data triangulation to provide a richer, more multilayered

and more credible data set from the participants. Using multiple data collection

methods such as interviews, video-records, and documents strengthened the criteria

of credibility. Also, multiple data sources were used to provide more credible

information. Researcher examined the transcriptions of data gathered both

interviews and video-Ul EOQUEDPOT Uw UOWEOOXEUI wEOEWEOOUUEUUWU
, OUI OYI UOwUI EETT UUZwl REOQwXxExI UUWEOEWEUEPDOT Uwl

consistent results.

Secondly, external check of peer review strategy was used to address he credibility
of the study. Two colleague experienced in qualitative research were asked to
advise the data collection and analysis methods of the study. Furthermore, a
researcher familiar with science education and PCK checked and analyzed some
portion of the data to increase the credibility of the study. In the light of these
reviews, different interpretations and any disagreement s were examined and
resolved through the discussions and negotiations. In addition to these, the
Ul Ul EUET 1 Uz U wdaisyr RilsoOgave feédBackE Broughout the research.
researcher to recognize her own biases and widen her vision about the progress of

the current research.
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Thirdly, prolonged engagement in the teaching environment of the participants

TEYI wOOUI wEUI EPEOI wbOi OUOEUDPOOWEEOUUWUTT wU
researcher spent time with the participants at their schools in regular intervals

throughout the one semester (five months) to obtain more credible data. Also, the

researcher visited the participant before the study to explain the purpose of the

study and what she wanted them to do. Meanwhile, the researcher had chance to

OEUT UY]l wUT T wx EUUDE D x E O Owigguhesd méelingsbresaattiet) U U E O w L
and participants became familiar talking about teaching, students, context of the

school and science curriculum. These meetings and conversations were beneficial to

obtain more detailed and thicker description of the curre nt study.

Lastly, clarifying the researcher bias was another important issue to ensure the
credibility of the research findings. In qualitative studies, researcher position is
and training affects the results of the study (Merriam, 2009; Patton, 2002) because
the researcher is the instrument in qualitative studies (Lincoln & Guba, 1985). The
researcher took a qualitative research course before the research was conducted.
This does not mean that the researcher became expert in doing qualitative research
but the course helped researcher to get a wider perspective on the nature of the
qualitative research approach. Moreover, the researcher had an opportunity to
examine severd qualitative studies and three main qualitative books throughout the
course so she provided necessary underpinnings of the qualitative approach. In
addition, the researcher had experienced with pre-service teachers in practice
teaching course since 2011 @ she could advanced her knowledge about how PCK
develops. Furthermore, the pilot study helped the researcher to make revisions for
providing more detailed and credible data. As a result, all evidences mentioned

above provided the credibility of the resear cher bias.
3.6.2. Transferability

Transferability means the degree to which the results of qualitative studies can be
generalized or transferred to different situations (Merriam, 2009). Although it is
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difficult to generalize the qualitative results from one context to another,

transferability can be increased by thick description of the research context and

paper trail (Lincoln & Guba, 2009). In this study, these strategies were used to

increase the transferability of the research. The researcher described the context of

the study; participants; the data collection procedures and findings in detail.

Moreover, several of the data collection and analysis documents were included in

an appendix part. The complete set of data collection and analysis documents are on

file and available upon request. Thus, intensive description and access to the

Ul Ul EUET zUw?xEx]I UwOUEDPO? wi EYT wOUT 1 UwUI Ul EVUET T UUU
of this study to other contexts.

3.6.3. Dependability

Dependability in qualitative study refers to reliability in quantitative research. To
address dependability, the research findings and collected data should be consistent
and could be repeated (Merriam, 2009; Patton, 2002). In thisstudy, triangulation,
peer review and clarifying the researcher bias to ensure both the dependability of
the research results. These efforts were explained in credibility part of this section.

This means that the strategies to increase credibility help to ensure dependability.

Yin (2009) states the purpose of dependability is to prevent the errors and bias in the
study. The case study protocol describing the detail description of the data
collection, data analysis, the decisions throughout the research povided
dependability of a study (Merriam, 2009; Yin, 2009). In the current study, this

protocol was explained in the previous sections of this methodology chapter.

Moreover, a science education researcher also analyzed some parts of the data to
provide agreements with the findings of the study. The results compared and

inconsistencies were discussed to arrive at a consensus.
3.6.4. Confirmability

Confirmability means the degree to neutrality of researcher while the study was
implementing and the results we re interpreting (Linccoln & Guba, 1985). It is a
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researcher effort to ensure that the findings of the study are not affected by the
characteristics and ideas of the researcher (Merriam, 2009). There are a number of
strategies to ensure confirmability in qu alitative research (Trochim, 2006).
Triangulation, identifying researcher position, detailed description of the context
and methods are some of these strategies. All of these strategies was also used to
enhance the credibility and dependability of the rese arch and detailed in previous

parts.

3.7. Ethical Issues

Protection of the participants from harm, d eception of the participants, and
confidentiality of data are three important points related to the ethics in research
(Frankel & Wallen, 2006). Under these considerations, frst, Institutional Review
Board (IRB) approval was taken from METU Human Subjects Ethics Committe
(Appendix F) in order to be able to conduct the study. IRB approved that the current
study has no potential to harm both participant t eachers andthe students in the
classes.The researcher took an additional permisson from Ministry of National

Education (Appendix G) to carry out the study in the public middle schools
Besides,anonymity of participants and the school were assured . For all participants,
pseudonyms were used. Besides, mrticipants of the study were not deceived. They
all accepted to participate to the study voluntarily . Participants were informed
about the purpose of the study. The researcher also explained that wheneverthey
want, they could quit the study and the results of the study could be shared with

them if they want . Finally, except the researcher, her advisor, and additional coders,
nobody had access the data collected for the study.Considering the important

points above mentioned, the ethics in the current research was guaranteed.
3.8 Assumptions of the S tudy
For this study, the following assumptions were made:
1. 31T WUUEUPEUwWxUI xEUI EwPDOWOUETI UwUOWEOEOaal
well -developed tools consistent with the focus of the study.
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2. The participants may have some prior knowledge about the issues in the
study. They took the related courses so they had a background in these
issues and they are able to give some information scientifically on the
questions being addressed.
3. 31Tl uwxEUUPEPxEOUUZWEEUPOOUWEUTI wOOUWEIT I 1 EUI EwE
video recorder in the study.

3.9. Limitations of the S tudy

The following limitations originating from the nature of the qualitative study were

explained for this study.

1 Firstly, generalizability of the study is one of the limitations of this study.
The number of participants is limited to three in -service science teachers.
Therefore, results of the study may only be generalized to individuals and
contexts whose characteristics and descriptions are similar to those studied
in this study.
1 Secondly, the data collection tools of the current study were prepared based
on the science and technology curriculum revised in 200 5. After the study
began, the curriculum was changed two times in 2013 and 2018. These
changes were not taken into consideration throughout the analysis and
interpretation of the data.
T 31 PUEOAOWXXEUUPEDXxEOUwWUI EETT UUZwWwOEUDYI wOEOT UI
data collection tools and procedures were implemented in Turkish. All
quotations and codes derived from Turkish data were translated into
English so the terminology of the translated data may have some problems.
To reduce the limitation of this issue, the suggestions of the advisor were
valuable for the quality of the translations.
1 In the beginning of the study, the researcher planned to investigate three
topics, namely biogeochemical cycles, energy sources and recycling to
E1 Ul UOPOl wUI EETT UUzw?2, *wEOSEwW/ "*wbDOwUIT WEODHU
durai OO woOi wbOUI UYPI PUwWOI wl EET wxEUUPEDPxEOUzUw2, °
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take very long time than expected. When necessary, in order to minimize the
risk of being bored, the researcher occasionally used structured interview
questions rather than semi-structured ones.

There can be some limitations concerning the use of videorecording
method. The most essential limitations are mechanical problems and the
influence of videotaping on behavior.

There can be some limitationsin terms of the orientations used in the study.
Although, considering the aim of the study, four orientations were added;
the researcher adhered to the nine orientations shown in Table 3.15. Some
current orientations (e.g. argumentation, STEM) were not considered.
Moreover, Magnusson et al. (1999) stated that teachers can identify multiple
orientations depending on the topic or the grade level. However, all
orientations which participant teachers identify for characterizing both their
belief systems and purpose for teaching science at 8th grade could not be
observed. Regarding the topic of biogeochemical cycles,the researcher could
only report one or two dominant orientations.

The postDOUT UYPI PUwUI OEUI EwUOOwi PUTT UwxEUUDE

could not be conducted.
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CHAPTER 4

FINDINGS

This chapter presents the findings of the study. Results are detailed for each

participant for content knowledge and pedagogical content knowledge in two parts.

(OwlT 1T wi PUUUwx E U Uco@dntihorlédbeuisrépbriedddetébyFbaded Uz U w

OOwUI T WEEUEWEOOOI EUI EwUT UOUT T wbOUIT UYDPI PUWEOEWEL
syntactic and SD understanding regarding biogechemical cycles are analyzed and

presented under the heading of content knowledge. In the second part of the each

orientation to science teaching, knowledge of curriculum, knowledge of
assessm® U8 wuOUwl EET weEUI OwUOl EET 1 Uz UwUUEUI 01 OGOUUWUEOI
video-recordings (classroom observations) and documents are reported for the
ET UEUDx UP O Ous&df eathl canpdnéntiaf PBCK.At the end of the chapter,
the findings of the Ul EET | U tbptemtEk@owiedge and pedagogical content

knowledge are summarized.

K3 hd w" 2 $ wSlubjecuMaiteOxtr@viethas and Pedagogical Content

Knowledge on Biogeochemical Cycles

In this study, the researcher used the pseudonym for the participa nt teachers and

Kemal was called as Case 1. Kemal is male and sixty years old. He was graduated

from Education Institute in 1977. He had worked in a high school for five years in

different branch of study. In 1982, he was graduated from physics department in

Faculty of Arts and Science of a public university. He had taught physics lessons in

high schools for twenty -five years. Kemal has already been working in Eco-schools

xUONI EQw PDOxO1 O OUI Ew Eaw 3211 $5w p3U0UODPUT w %OUOE
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Education) for four years in his current middle school. Currently, he has been
teaching science for eight years in a public middle school as a science teacher. Kemal
has taught 5, 7 and & grades during 2013-2014 education year and has twenty
course hours as work load per week. There were thirty-six students in his

classroom. ( Ow UT PUw Ul E UD OO O usubjéch Emaiter tknowletdge (hadU U w O1 w

pedagogical content knowledge were presented.

416 w* 1 Bubjery Mater Knowledge

Qu

K8 hohdhéw*i OEOZUw2UEUUEOUDYI wx OOpPOI ET I

T T wUT U0UOUU WO w* 1 OE 07 egathldEHibgebdhdmipal tyae® @& b O1 ET 1
presented under three subheadings, respectively the carbon, hydrological and

nitrogen cycle.

Kemal first was requested to answer the question what the biogeochemical cycle is.

He started to the definition by explaining that the amount of the materials needs to

be balanced. In the continuation of his explanation, Kemal defined the
biogeochemical cycleass UT | wOEUI UPEOUwWUUET wE phogpeotiE OO0 wdO D
and, water which are the building blocks of the earth are used by the living things

EQEwUI OUUOTI EwUOwWUT T wl EVU0T zz8w OU0UT OUTT w*1 OEO
cycles mentioning the living organisms such as plants, animals, he did not

specifically touch upon abiotic components (i.e. the sun and the soil) and reservoirs

of chemicals in his definition. As a result, his understanding of the cycle was

considered as partial according to the scientific definition.

Researcher (RY How can you define biogeochemical cycle?

Kemal (K): 0 There are some materials such as carbon, nitrogen, oxygen,
phosphorus and water whose amounts needs to be balanced These materials
are the building blocks of the organic compounds in living things . The living

things are plants, animals etc. They are used by the living things and returned to

the eartho
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K& hdhdhhdhdw*1 OEOzUw* OOPOI ETT WEEOUUW" EUEOOwW" aEOI
3O0wUIl YIi EOQw * [tabdin® pftandorOdydleUng was requestedto draw and

explain the carbon cycle. Considering his statements in both his drawing and

teaching;* | OEOz UwUOET UUUE O Wb labeldd as faHial Bué® @O uné a E

lack of his knowledge. In Table 410w* | OEOz UwUOEI UUUEOGEDOT wUI OEUI E

cycle is summarized.

3 EEOI 6 wK dUnderstandidyEofiize Carbon Cycle

Components within the cycle The plants (Producers)

The animals and humans (Consumers)
Bacteria (Decomposers)

COzin the atmosphere, dissolved
carbon compounds in water, fossil
fuels, the structure of living things
(Carbon Reservoirs)

Sun (Abiotic Component)

Soil (Abiotic Component)

Water (Abiotic Component)
Photosynthesis

Transformation of carbon from plants
to animals through food chain
Respiration of plants and animals

1 Combustion of fossil fuels

1 Decomposition

Processes within the cycle

= =4 (=4 =4 =

=

Kemal began his explanation with the importance of carbon cycle. When asked the
question of why the carbon cycle is important, he stated that carbon is very
important matter because it is the basis of the building blocks of living things such

as carbohydrates proteins, and fats. He also addressed the importance of CO: for

the plants to make food and produce oxygen through photosynthesis.

R: Why is the carbon cycle important?

K: Carbon is very important matter . It [carbon] constitutes the basic building
blocks of living things. It is in the structure of carbohydrates, proteins, and oils.
Besides, plants use CO: in photosynthesis to produce oxygen and food. In this
manner, it is [carbon] very important for life...
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Then Kemal beganto explain the carbon cycle through drawing (Figure 4.1). He first
mentioned the release of carbon to the atmosphere because of combustion of fossil
fuels. He included fossil fuels as a source of carbon element in his drawing
Although he did not draw specifically the process of combustion, during
explanation phase of his drawing, he verbalized that people consumed the fossil
fuels in their daily lives. Then, he continued to his drawing expressing the removal
of carbon dioxide from the atmosphere through plants during photosynthesis.
Although he also mentioned about the plants in aquatic systems, he did not
specifically explain the aquatic carbon cycle. Then, he mentioned that the organic
compounds (food) formed in the photosynthesis enter the bodies of composers
through food chain. In here, Kemal referred the process of transformation of organic
carbon from plants to consumers. Later, he explained that living things such as
plants, animals and humans also release carbon dioxide to the atmosphere with
respiration. Finally, Kemal emphasized that carbon dioxide returns back to the
atmosphere and the soil by the process of decomposition. However, he did not

show the decomposition process in his drawing.

R: Could you please explain the carbon cycle by drawing?

K:6 ¢ # U E b ®nd bf gheumost important sources of the carbon is the fossil fuels
such as oil, natural gas and coal, which we call nonrenewable energy sources.
We use those [fossil fuels] in our hoOT UOw B Ow OUUwWEEASWOus® Ow i EELC
use this carbon dioxide. When they [plants] consume it [carbon dioxide] in
photosynthesis, they [plants] produce oxygen and organic comp O U O E Bythe
way, photosynthesis do not happen just on land. Plants living in the sea also
make photosynthesis. This organic compound produced through photosynthesis,
in turns, enters the bodies of living things. | mean animals; humans are eating it
[plant]. Living things are continously releasing CO.. Plants, animals and people
give out water vapor and carbon dioxide through respiration. This carbon
dioxide is released to the atmosphere again ... Finally there are dead bodies of
living things. These dead bodies are separated by the decomposers and the
carbon dioxide gas return to the atmosphere and the soil.

Although Kemal did not explain the sun as the driving force of the cycle in his
drawing, he specifically addressed the sun as the energy source for the
photosynthesis in his teaching of carbon cycle.
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* 0 Be know the sunis important for living things . What does the sun provide
to the plants? Through its rays, it gives energy to the plants. What does the plant
do with this sun energy? They [plants] photosynthesize on their leaves? They
produce i O O [Elassroom Observation]

Kemal also expressed all reservoirs of the carbon in four earth spheres as
atmosphere, hydrosphere, lithosphere, and biosphere. However, he did not refer the

major source of CQzas plants (biomass) and oceans.

Ko 6 %Dbtelt&tidwis found in the atmosphere as carbon dioxide. The second is
in the hydrosphere. | mean that the carbon compounds are dissolved in the
water. In the lithosphere, it [carbon] is fossillized. It [carbon] is found in the
structure of fossil fuels as oil, coal, natural gas. Finally, in the biosphere, the
living things contain carbon compounds such as proteins, carbonhydrates,
OUEOI PEWEEDPEUwWI UEOG

Kemal did not draw the oxygen cycle semrately. He pointed out the processes of

oxygen cycle are reverse of the ones in the carbon cycle. He expressed that the

carbon and oxygen cycles are interrelated. Kemal touch upon the oxygen cycle

briefly in during his teaching of carbon cycle. He mentioned about the characteristic

of oxygen element and referred the impor tance of Os for the living things.

K: There's no need to mention the oxygen cycle The processes in the carbon cycle
also occur in the oxygen cycle. This cycle[O2] is reverse of the carbon cycle. The
oxygen and carbon cycle are interrelated. So, if there is no carbon cycle, there will
be no circulation OT wORrRalT 1 06

(OWEOOOUUDPOOOWEOOUPET UPOT w*1 OEOZUwWUUEUI O1 OU0Uw D
related to the carbon cycle, it can be said that his explanations had lack of the

knowledge. First, he stated the sun as the energy source of photosynthesis not a

driving force of the cycle. While explaining the photosynthesis, he did not mention

the algae and cynobacteria as prodwers. Furthermore, he did not refer the major

source of CQ: as plants (biomass) and oceans. Additionally he did not touch upon

the carbon cycle in aquatic systems. Therefore,* | OEOz Uw UOEI UUUEOGEDPOT woi w

cycle was labeled as partial.
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41112.*1 OEOz Uw* OOPOI ET 1 wWEEOUUW' AaEUOOOT PEw" aEOI
3OwPE]I OUPI aw*1 OEOzZUwWwUOET UUUEOGEDOT whltami aEUOOOT PE
and explain the hydrological cycle. Considering his statements in both his drawing

and teaching;* 1 OE Oz UwU O E | hydydibBicIEcHA? Wwas Gabelad as partial. In

B3EEOI wkKé!l Ow* 1 OEOz UwUOET UUUEOGEDPOT wuUil OEUTI EwOOwWUT T u

Kemal initially define the hydrological cycle E Utleswater which evaporates from
the water resources is condensed and return to the earth in the form of

xUl EDPxPUEUDPOOZ776

Table 4.2.KI O E Ogdérstanding of the Hydrological Cycle

* 1 O E Orgddystanding

Components within the cycle 1 The plants (as Producers)

The animal s (as Consumers)

Oceans, Lakes, Glaciers, Rivers, Ground
Waters (as Water Resources)

Soil(as Abiotic component)

Sun (as Energy source)

Temperature & Wind (Climatic factors)

= =4

Processes within the cycle Evaporation
Condensation
Precipitation
Transpiration
Surface Flows

Infiltration

=4 =4 =4 4 8 4 -8 -8 -9

Then, he explained all reservoirs of the water as oceans, lakes, glaciers, rivers and
underground waters as the abiotic components of the hydrological cycle. Besides, e

mentioned the existence of water as a feature that separates the earth from other
planets. In addition to this, he underlined the importance of water for living things

in his teaching of hydrological cycle.

K: 0 6 e know that 3/4 of earth is water. There are oceans, seas, lakes andvers.
There are also glaciers and ground-watersd6 The most important feature that
separatesthe earth from other planets is its atmosphere and the presence ofthe
water vapor in it [atmosphere]....
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...S0 drinking water is very important to us...You have known that the cells of

organisms can live only watery environment. So water is very important for

x OEOUUOwi OUWEODPOEOUOwWI OUWEOOwWODYDOT wlT BOT U
When it comes to his explanations through drawing, Kemal mentioned about the
process of evaporation. He stated that the water evaporates due to the heat energy
from the sun. Although he stated the rain, snow and hail as the types of
precipitation and the process of condensation as the formation of clouds in this
explanation, he did not show these processes[precipitation and condensation] in his
drawing (Figure 4.2) as well. Moreover, he addressed the plants and animals as the
biotic components of the cycle. In here, he explained the presence of water vapor n
the atmosphere due to the respiration of animals and plants. He also touched upon

the transpiration of plants in the cycle.

R: Could you please explain hydrologic cycle by drawing?

K:0 [Drawing] Now let's say we have a lake. Next to this lake, there are plants

and animals. There is a water vapor because of the process of respiration in
plants and animals. There is a factory and a house near the lake as well. Smoke

and water vapor are constantly coming from the factory and house chimneys to
the atmosphered The lake is warming up; water is evaporating due to the heat

energy from the sun. Plants are also releasingwater vapor through the process of

should be fallen back to the earth asa type of precipitation like rain, snow, or hail

EEEOUEDOI wUOwWUIT I wkpl EUI'l UWEOOEBDUDOOUOG
Futhermore, Kemal was expected to refer both surface flows and the process of
penetration in the hydrological cycle. Although he did not give place these
processes [pendration and surface flows] in his explanations through drawing, he
explained them during his teaching of hydrological cycle. He also mentioned the
short and long water cycle. Lastly, Kemal touched upon some climatic conditions

such as temperature and wind as factors affecting water cycle.
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components of the hydrological cycle (Table 4.2) were consistent to the scientific

explanations. However, considering the lack of the knowledge regarding the sun

and gravity as the driving forces for the cycle, * | OEOz Uw UOEI UUUEOET
hydrological cycle was labeled as partial.

K3 hud hud hud t 8 wiedheGBoGtNitfagenTitle

SOwWEI U0l Uwl UEUxw*T OEOZUwWUOEI UUUEOQGE PddwwOi woObD L
and explain the nitrogen cycle. Considering the statements in both his drawing and

teaching;* 1 OEOz UwUOQE I thittddek YdleBv@d labdleld aspartial d ue to the

lack of his knowledge. ( OW3 EEO] wKét Ow*1 OEOz UwUOBEI UUUEOED

cycle is summarized.

Table 4.3.* 1 O E ngdistanding of the Nitrogen C ycle

* 1 O E Orgdystanding

Components within the cycle The plants (Legumes)(as Producers)
The animal s and people (as Consumers)
Decomposers

Nitrogen -fixing bacteria

Nitrifying bacteria & Denitrifiers
Atmosphere and the soil (asNitrogen
Reservoirs)

Water (as Abiotic component)

Nitrogen fixation

Nitrification

Denitrification

Transformation of nitrogen compounds
in the plants to animal compounds
through food chain (N -Assimilation)

9 Lightning

= =4 —a —a —a -9

Processes within the cycle

= =4 —a A -A

Kemal first emphasized that nitrogen is essential material for living things because
of the formation of proteins, nucleic acids, ATP, DNA, RNA and vitamins. He
addressed the atmosphere as a reservoir contains 78% nitrogen gasBesides, he

pointed out the components of the nitrogen cycle such as soil, plants, animals,
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decomposers, nitrogen fixing bacteria, nitrifying and denitrifying bacteria. Kemal
defined the processes of ritrogen fixation, nitrification and denitrification in the

cycle clearly. He referred the nitrogen assimilation through the food chain.

R: Could you please explain the hydrological cycle by drawing ?

K:6 [Drawing] Nitrogen is a very important element for life. There is 78%
nitrogen gas in the atmosphere ... Plants and other living things cannot use this
nitrogen directly. Nitrogen in the atmosphere is caught by nitrogen -fixing
bacteria in the roots of plants (legumes) and converted to nitrate by nitrification.
Already through the plants we can get nitrogen w ith the food. Then nitrogen
compounds in dead organisms are converted to ammonia by decomposers. This
ammonia is converted into nitrate by chemosynthetic nitrite and nitrate bacteria
in the soil. This nitrate is taken up by plants in order to be used in th e synthesis
of amino acids, nucleic acids, ATP, vitamins, DNA and RNA... Excess nitrate
accumulation in soil is a dangerous situation. Nitrate forms nitric acid when
dissolved in water. For this reason, the excess nitrate in the soil is converted into
nitr ogen gas by the denitrification bacteria and goes back to the atmosphere
again.

Kemal referred the lightning in order to capture the nitrogen in the cycle. He
emphasized the knowledge that the lightning is the way of fixing nitrate in the soil

although the minority of the cycle is based on this process.

K: One way of capturing nitrate in the soil is lightning. This process only
connects the nitrogen in the places where it [lightning] falls. This involves a very
small fraction of the nitrogen cycle. In true sense, nitrogen is formed by fixing to
plant roots with nitrogen -fixing bacteria, its transformation to food. This food is
consumed by animals and the nitrogen compounds in the bodies of dead
organisms separated by bacteria and they [nitrogen compounds} returned to the
atmosphere as nitrogen gas.

In short, * 1 OEOz Uw UUEUT 01 OUUw Ul T EUE pfdtessed Tandw EOOwW EEOY |
components of nitrogen cycle (Table 4.3) were consistent to the scientific
explanations. However, he did not mention the cynobacteria in aquatic systems as a
nitrogenous bacteria and the sun as the energy sourceof the cycle in both his
EUEPDOT wp%wbl UUl wKdt AWEOCEwWUI EET DOT Bw( OwUIT 1 Ul WwEDBOD

of nitrogen cycle was labelled as partial.
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biogeochemical cycles was partial considering his responses related to the
EOOx OOl OUUWEOGEWXxUOET UUT UwOl wUOTT wEAEOTI UBw ( OwUT 1
knowledge regarding his NOS understanding was documented.

(Ow Ul PUwUI EUPOOOW UTT wUI UUOUUNOS iview) wedeE Oz Uw Ua OUE
presented based on empirical, tentative, inferential, creative and imaginative,
subjective, socio-cultural nature of science as well as thedistinction between theory
and lawd w* 1 OEOz Uw- . 2wYPI PUwbi Ul wOEUEDOI EwWEaAawUUDPOT u

embedded VNOS-C questionnaire.

Empirical NOS: When asked the questions of what the science isand what makes

science differ from other disciplines, Kemal, first, | R x OEDOI Ew U1 Wiw UEDI OET wE !
studies conducted to understand the universe and the world we OPYI1l wbHOzz6w' 1 w
expanded his explanation with the definition of scientific knowledge as knowledge

gained based on the scientific methods and processes. He accepted sciendsoth as a

body of knowledge and as a process yet possessed the misconceptionthat a

universal scientific method exists. Moreover, Kemal acknowledged that the most

important feature that differ science from other disciplines is its dependence on the

data obtained from experiments and observation. Kemal stated that scientists can

prove the existence of global warming based on data and observations such as

increase in the temperatures, melting of icebergs. Thus, he believed thatscientist use

observations and experiments to reach definite conclusions and make claims based

on these evidences.On the other hand, he failed to understand that experiments and

observations are notthe only route to scientific knowledge and many scientists have

used non-experimental techniques to advance knowledge (Abd -El-Khalick, 2005).

Under these circumstances, * 1 OE Oz Brstatdlidd had deficits in terms of

empirical NOS (See table 4.4or sample quotas).
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Table 44.* 1 O E SampleuBatements of Empirical NOS

NOS view Sample Statements

Empirical 602EDPI OUPUUUWET EOPOT wbpHhUT wxOUE

biology etc.) communicate with each other through clear
Il YDEI OETl Ubw(OwUT 1 wUEDPI OUPI PEL
experiments.
0+1 UzUwl DYl WEwWUDPOx Ol wli R Edasidie
took a mercury bowl and atube in one meter in length. He filled
the tube with mercury and it [mercury] becomes stable when it
reaches to the height of about76 cm. He repeated the procedure
many times and concluded that because of the air pressure, the
mercury in the tube comes to restE UwA t wE O O w E évent)
scientist repeat the experiment as Torricelli did, they reach the
same conclusiomd ( Owx OUPUDYI wUEDI OEI UC
experiment and there is observation.
6 2 ED1 OKodvUthht) lHarth temperature has increased 34
degrees up to now. At least they [scientists] provide evidences
like the melting of glaciers in the poles, the joining of icebergs to
U1 wOET EOQUG63T 1T Ul wEUIT wYl UawbOx
warming really happens.

Theory & Law: When asked the differences between theory and law, Kemal was not
aware of the understanding that theories and laws are different kinds of scientific
knowledge. He also ascribed to a hierarchical view of the relationship between
UEDI OUPI PEwWUT 1 OUPI UWEOEWOEPUwWPT 1 UDBEH WY wOU@I
held the common misconception that the theories are the knowledge that needs to
be proven. He also detailed his assertion that laws are certain knowledge with the
I REOxOI woOl w-1pPUOOZUWOEPUWOI wOOUDPOOSWET T OwE!L
theory or law, he failed to understand that it is a theory (Ramanathan, 1988; Wilkins,
1993) because of his misconception on the explanatory function of theories. He
x1T UET P1T YT EwOT T wUOT 1T OUDPT UWEUWUT 1 wOréspodde£ 1 1 wol |
implied that he failed to understand the functions of and differences between

theories and laws (See table 4.5or sample quotas).
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Table 4.5* 1 O E SampleuBatements of Theory & Law

NOS view Sample Statements

Theory&lLaw o6' 1 WwZUEDI OUDPUU¢ wx UG a probletd.unNb&d weD
EEOOw UT PUwPETI EwbPUwT axdUi 1 UbBU
hypotheses related to the same problem in different places and
later write scientific articles. Then many scientists do an
aggrement on these hypotheses. So they become theoeis if they
[hypotheses] are confirmed by all scientists. Theories can
sometimes be wrong. But when the theories are proven, we call
Ul 1 OWEUwWOE P U wb DhafddsMat Sdientitld k@ow litsd
El UUEDOUA WEEOOI EwWwOEDPO
6-1pPUOOwWI OUOUOGEUT EwUT T wOEPwWOI
the pen | throw to the up will fall to the ground. In every time,
UT T wxl OwpbPDOOwi EOOO6 ( Wark UaBdOthey) are
always true.
63T T wlull OT OUUT wiiilTEOCwWwBDUWEOuU
earth. Scientists are sure of the fact that the greenhouse gases
such as water vapor, CO;, methane, etc., which holds the heat
reflected from earth, warm up the atmosphere and thus the
earth. They [scientists] can also collect data on the changes in the
proportions of these gases in the atmosphere. In the line with
Ul PUwOOOPOI ETT Ow( wxl UETI BYT wOT |

Tentative NOS: When asked whether the theories and laws can be changed Kemal
acknowledged that all scientific knowledge is subject to change. He emphasized
that scientific knowledge can be developed in the light of new technologies and by
different interpretations of previous knowledge in different way. He expanded his
answers by giving examples of the studies in CERN, and the atom models to explain
how scientific knowledge changed. When asked whether theories and laws can be
changed, he claimed that theories can be changed. However, his explanations
indicated that theory change were not associated with a tentative view of science.
Rather, he reflected a naive view that theory is an intermediate step in the
1161 UVEODOOwOEDS BUD I D E uAGDEKHAlick: 2005 BeSided) Bed w g
had also claimed that laws are certain knowledge. Thus, the results showed that his
misconception related to the functions of theories and laws caused her explanations

on tentative NOS to be inconsistent and partial (See table 4.6or sample quotas).
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Table 4.6* 1 OE Oz U waten@m<di Terkative NOS

NOS view Sample Statements

Tentative O ( OwUEDPI OEl whbUwbhUwlOI ET GEE UGWEX
We cannot ignore Newton's laws of gravity, but it can be
improved in the light of the different interpretations [new ways
of thinking]. In this sense, | believe that it [law] can change ...
%OUwl REOxO1 Ow3T 1 w$bPOUUI b Guped uo3
the- 1 b U GB0FAI 6
At CERN, an experiment was conducted regarding the
i OUOEUDOOwW Oi w UT 1 w UKebredults Udf ahes T
experiment? Will the results disprove the existing laws ?... |
mean, | do not think science and technology will advance if we
Ul 1l wOT 1T wOEPWEUWET UUEDPOWOOOPOI
61 wOOOPwWI OPwUT 1 WEUOOPEWUI T OU
YRl PpwUOOwWUT T wxUl Ul O0wEEad-d it drd
found to be comprised of sub-particles such as proton, neutron
EOQEwl 01 ECUOOG

Inferential NOS: When asked how scientists are certain about the appeararce of the
dinosaurs, * 1 OE Oz U w Unplied Qr@atJstidntists make inferences. He did not
Ol OUP OO w Ulinferante © @ i 8 sbOtbHe Biripledl that scientists make
interpretations based on evidences. For example, he emphasized that scientists
constructed models of dinosaurs depending on the fossil | YDEIT OET Ud w31 UUOw*
understanding on inferential NOS reflected that scientific claims are baseal on
empirical evidences. In other words, PUWE EQwE T w U E Driflessthhdibd)ati * 1| OE Oz
inferential NOS were affected by his view of empirical NOS (See table 4.7for sample

quotas).

Table 4.7.* 1 O B Sample $atements of Inferential NOS

NOS view Sample Statements

Inferential Scienceis divided into many branches, for example geologists and
biologists worked together and based on fossilevidences, and they
concluded that dinosaurs had lived. At the same time, they
[scientists] investigated the skeletal systems and bone structuresof
dinosaurs, and constructed models using technology. Thus, they
got an idea of how dinosaurs looked like.
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Creative and Imaginative NOS: Kemal recognized the crucial role of imagination
and creativity in science. H EOEDOI EwUl ECwUEDPI OUPUUUZz wbOET POEUD
essential for the continuation of their investigation. In his example of inferential
NOS, he also implied how scientists use their imagination and creativity due to the
get an idea of how dinosaurs looked like. Hence, his responsesincluded informed
views ET EEUUT woOl wOT 1T wUOET UUUEOEDOT wUT EVUWUEDPI OUPUU U

statements can be seen in Table 4.8

Table 4.8* 1 OE Oz U wtaten@m<di Gretive and Imaginative NOS

NOS view Sample Statements
Creative and Scientists take advantage of their creativity and imagination,
Imaginative and they do not go a step further unless they did not use them

[their imagination and creativity]. If science is based on
curiosity, | think it [science] will advance by imagination and
creativity.

For me, scientist should use them [imagination and creativity]
POwl YI VAwWUUET T wOl wUT 1 PUwbPOUO
He should progress using his/her creativity and imagination.

Subjective NOS: Kemal possessedO E C ¥hierstanding of subjective NOS. He

EOEDPOI EwUlI ECwUEDPI OUPUUzUwxUI EOOEI xUPOOUOWYEOUI U
their investigations. He held the misconception that science should be objective and

value-free. He acknowledged that the reason of scien UUO Uz wEDI I 1 Ul O0whOUI Ux UI

the lack of evidence. For instance, heasserted that there are several different

PDOUI UxUI UEUPOOUWOI wOT T wEEUUT UwlOi wWidinenEDPOOUEUUUZ

have enough evidence to prove why the dinosaurs become extinct. Sample

statements can be seen in Table 4.9
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Table 4.9* 1 OE Oz U wtatent@m<of Suldiective NOS

NOS view

Sample Statements

Subjective

62EDPI OUPUUwWUT OUCEWET wOENI EUD®
different perspectives, but they have to come together and
create a consortium to produce a common result based on the
60" OOETI UOPOT wEPOOUEUUUzZwI RUPOI
different views such as climate change, meteorite hit, separation
of continents, volcanic eruptions, depletion of their foods etc.

(UANUWET | OWEwWOOOT wUDOI wUPOET wl
and scientists have no chance of going back. They do not hae
1 OOUT T wi YPET OET wOOwxUOYI wbUweg
different interpretations on the causes of the extinction

Socio-Cultural NOS: Kemal indicated O E Coadlerstanding of socio-cultural NOS.

To hold a O E Condlerstanding of socio-cultural NOS, participant should consider

that science is isolated from the norms and values of the society. At this point,

Kemal believed that science is universal and it should be independent of the culture.

Sample statements canbe seen in Table 410.

Table 4.10* 1 OE Oz U wtaten@mt<of SodoCultural NOS

NOS view

Sample Statements

Socio-Cultural

Science is universal. It should be independent of the cultural
values. | mentioned that science is objective and seeks the true
results. If it is so, it should not be influenced by them [socio -
cultural values and norms].

3Ow UUOwW UxOw *1 OEOz Uw Ul U xddiOndi pbeseBsOinf@dd E w UT E U

understanding on all - .

functions of and diff erences between theory and law, subjective and socio-cultural

NOS. In fact, it can bealso UEDE wUT EQw* 1 OEOz Uw- .

other. For example, although Kemal asserted that scientific knowledge can be

ET EOTT EwEawOi T wOl pwbOUI UxUI UEUPOOUOWI T wii OEu

difficult because laws are certain knowledge. Specifically, regarding embedded

NOS views on theory and law, he had the misunderstanding that the greenhouse

effect is a law. Therefore, he hold the misconception about the functions and
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differences between theory and law. In here, the deficiencies in his understanding

of the functions of theories and laws affected his view of tentative NOS. Likewise,

his misconception that there is a scientific method universally accepted led his

UOEI UUUEOEDPOT wUOWET wOECY I w Bl NOS Wwthé wUUENI EUDY
OUT T Uwil ECEOQw*1 OEOZUwWwUOGEI UUUEOGEDPOT wUT ECwWwUEDI OUDI
I YDEI OET Uw T1 Ox1 Ewl DUw YPI Pw Of wDOiIi T UI OUPEOW - . 2u
understanding was more informed on the aspects of creative and inferential NOS.

To conclude, Kemal did not have sophisticated views of NOS because he was not

deeply informed in all of the NOS tenets. Moreover, it observed that he did not

translate any aspects of NOS into his classroom practice of biogeochemical cycles.

Next section documentli Ew * I OEOz Uw2#w UOETI UUUEOCEDPOT wUI T EUEDC
cycles.

4.1.1.3* 1 OE Omgddistanding of Sustainable Development Regarding
Biogeochemical Cycles

(Ow OUET Uw UOw Ul YI EOQw *1 OEOzZUw UOEI UUUEOEDOT w Oi w
regarding biogeochemical cycles, he was asked to state what the causes,
consequences and solutions to the disruptions onthe cycles. Besides, his teaching of
biogeochemical cycles was observed. Therefore, both his practice and responses
unveiled how Kemal linked the biogeochemical cycles to the aspectsof sustainable

development.

Kemal began with the explanation that anthropogenic activities are main causes of
many problems related to the biogeochemical cycles. He generally touched upon the
unconscious use of natural resources (water, energy, food, soil, etc.) by human
beings. Therefore, he attributed the environmental problems to human activities

referring the environmental aspect of SD. He especially had the idea that human

activities should sustain the balance ofnnature.

Kemal (K): The factors that cause the deterioration of the cycles are people
[behavior] 6 WVe [people] have polluted the seas, cut the trees, and released too
much greenhouse gases to the atmosphereWe are seriously abusing the balance
of the nature. We devastated thel EUUT &
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Kdhudhudt hudw*1 OEOzUw* OOPOI ET 1T wOOwWUT T w" 6601 EUD
and Sustain able Development

In respect of the degradation in carbon cycle, Kemal stated that the environmental
problems such as the extensive useof fossil fuels and deforestation caused to the
increase in emissions of CQ and other greenhouses gases to the atmosphez. He
specially emphasized the atmospheric pollution because of the actiities arising
from energy need. In here, Kemal had the idea that population growth caused the
unbalanced use of natural resources and consequently, the scarcity of energy
resources As a solution, he suggested the use of renewable energy sources by
emphasizing the consequences of the consumption of the nonrenewable ones for
future generations. In other words, Kemal stressed that the development should be
compatible with the balance of nature and the future of generations. Therefore, it
can be said that Kemallinked the aspectof energy to the SD aspects of society and
environment by implying that the problem of scarcity of energy caused to the

damage the natural resourceswhich affects the future generations.

K: 6 Itis said that there are 7 billion people in the world. If we calculate the d aily

carbon dioxide gas releasing from the factories, cars, housesp I 1 Ul wUT OUI wx | Ox
activities were carried out, we can realize that there was excessiveatmosphere

pollution. We have released too much carbon dioxide to the atmosphere. We

know the only living thing that assimilates the carbon dioxide from the air is the

plants. So, if the air is so much polluted and forests are destroyed, how much the

plants can photosynthesize?H ow will the carbon -oxygen cycle continue?

0 %0Uwl BREOx Ol Osufferediffo Yhe cobsEgbedc@swof the Chernobyl in
Black Sea region. | accept that we need energy but | think that the use of non
renewable energy sources such as fossil fuel and nuclear is too dangerous for our
[VEVRVAVERNG
Furthermore, it can be seen that Kemal tried to imply the unsustainable modes of
production through the industrialization and urbanization. He emphasized that a
society could develop its prosperity by the help of the industrialization. He had the
idea that production -based development improves the living standards of the

society. However, he mentioned that the unplanned industrialization destroy the

vegetation from land for constructi on of roads, bridges, and factories. He,therefore,
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implied that unplanned development policies could cause to be damaged the
environment. In here, it can be obviously seen that Kemal referred four aspects of
SD, namely; economy, politics, society and environment by emphasizing the
production -based society E1 Y1 OO x Ol OUwx OOPEDI| anddehéyibd i Uaz Uwx UOU

the nature.

K: If we want to create a society with a high level of prosperity, we need to make
production. I mean we need to industrialize. Industrialization means the
construction of new factories, new roads, new houses and new cars etc. To build
these structures, however, millions of trees are destroyed. For example, 17
million trees were cut [in Istanbul] for construction of second bridge in
Bosphorus. [In fact] Not only the trees, but also the entire ecosystem was
damaged. While creating a wealthy society, we are destroying nature.
Industrialization means construction of more factories with chimneys, so it
means more carbon is released to the atmosphere. So what | mean is that
DOEUUUUDEODAEUD OO w T 0eSitgd) of ther Kuinanben@slhdE 6
madness of production and consumption, wh ich came with industrialization,
polluted the world.

Kemal also emphasized the SD aspect of politic s in preserving the balance of the
nature. He especially mentioned that all countries including both developed and
developing countries must have the policies to control the CO2 emissions for the
equilibrium of the nature. In here, Kemal also touched upon the social responsibility
for development of the society. He believed that both governments and humans
should know their own responsibilities to protect the future generations. Kemal also
EVUUUPEUUI EwWUOGEDPI UazUwOl YT OwOi woOi wxUubUxi uplawlO
means of educated and awared generations. Moreover, he touched upon that green
technologies needs to be developed in order to decrease CQ emissions. He
suggested that renewable energy sources should be used. However, he complained
that these [renewable] energy sources were not preferred due to the high cost of
system setup. Thus, he implied that the permanent solutions for the environmental
problems should be found by the help of the develpoment in every area including
society, economy, energy, politics, technology and education. Therefore, he stressed

the all aspects of SD byunderlying the geopolitical and social issues.
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K: 6 We all know that we need to conserve the balance of the nature. It is
important to note that the countries which pollute the world mostly are G7
countries. They [G7 countries] have an organization once a year and talk about
what to do, which is not enough to savethe earth. It is necessary to t&ke action to
save the earth.When the balance of the world is overturned, all of the people not
0 6 0 a w bviluakk suffeitie consequences of this deterioration. The people in
all societies are on the same shipé ( | w b1 uenvilbBméntally conscious
generations, we see that societies with a high level of prosperity are formed. All
countries should reduce their carbon emissions. Both underdeveloped and
developing countries such as Turkey are using the technologies produced by the
G7's. Then, the produced technologies need to be greener. Technologies which
filter or reduce the carbon emission need to be produced and consumed. Most
importantly, renewable energies must be used. Since it is costly to establish and
expand facilities, these energy sourcesareO O U wx Ul I 1 UUT EOQOwUOI OUUUODE

Kemal, again, stressed the aspect of environment implying that sustainaning the

natural balance is important. He pointed out the global warming and climate

change as the main results of the disruption of the carbon cycle arising from the

antropogenic activities. He, therefore, touched upon that human activities should

sustain the balance of nature.

K:6 If we do not value the protection of nature and the environment, the
economic strength will have no meaning. Today, we pay the biggest bill of
environmental damage caused by global warming and climate changed We
know that greenhouse gases such as water vapr, COz2 and methane warm up the
atmosphere naturally holding the heat reflected from earth and but we have
released too much carbon dioxide and other greenhouse gases to the atmosphere.
The atmosphere is covered by CQbecause of the excessive burning of dssil fuels
endol WOl PUwPEUODPOT OwlEddghOElUbeginEtb Bcbur &nd éur
world will ET wE | BtitHd Baine time, because of excessive rains, the excessive
floods will occur. Finally, due to the extreme decrease in temperature, the earth
will glaciate. These are [all] the consequencesofU | | WEODOEUI wET EOQT 1 6

LUPI I Gaowbi |l OQw* 1 OE Oz waldes) refulfstahdbaitdnsOte tld E w U O w
degradation of the carbon cycle were examined, it can be seen that he touched upon

the important phenomena such as greenhouse effect, global warming, climate

change and atmospheric pollution. Additionally, he connecte d these phenomena

with the main issues of sustainable development except the poverty. During his

explanations of the connections between the carbon cycle and SD, Kemal also
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addressed all seven aspets of sustainable development including environment,

society, economy, politics, energy, technology and education.

K6hohoét 61 w*1 OEOzZUw* OOPOI ET T wOOwWUT 1T w" 6001 EUDPOOUU
and Sustainable Development

Kemal generally showed the understanding that the degradations in carbon cycle

affects the hydrological cycle. As can be seen, during he was mentioning the climate

change as a result of the disruption of carbon cycle; he touched upon the

phenomena of desettification and glaciation as the phenomena which affect the

hydrological cycle directly. However, he did not address how these phenomena

affected the hydrological cycle. Likewise, although he addressed the droughts and

floods as a result of climate change, he could not connect these issues to the

degradation of the water cycle.

Kemal also addressed the large amounts of agricultural irrigation as unconscious
use of underground waters. In here, he referred the unbalanced use of water
resourcesas the causesf the water scarcity and the depletion of the fertility of the
lands used for agriculture. In other words, he again stressed the damage of the
natural resources affects the future generations. Therefore, Kemal, ih here, had the
idea that balanced use of natural resources is important for development of the

generations of the society.

K: As | said, we have polluted the world. | think our children will suffer the
consequences of this water pollution. After the 40-50 years, theywill not b e able
to find potable fresh water. We witness to the excessivewithdrawing of ground
waters where there have been a lot of agricultural activities. In those places, the
formation of the pothole increased. For example, there has been a problem of
land subsidence in Konya Plain [a plain takes place in the Central Anatolian
Region of Turkey] because of extersive irrigation in recent years.

degradation of the hydrological cycle were examined, it can be seen that he touched
upon the SD issues such as floods and droughts, water scarcity and agricultural
activities. Moreover, he addressed the water pollution, desertification and glaciation

as the phenomena that influence the hydrological cycle. However, he could not
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explain the connections between these phenomena and related SD issues. Again, he
did not touch upon the phenomena such as soil salinization through salt water
intrusion and the pollution of water resources through atmosp heric pollution.
Moreover, he did not address the trans-border conflicts of water, the diseases
arising from water pollution or the non -conventional water resources as sustainable
issues related to the hydrological cycle. Terefore, regarding hydrological cycle,
*1 OEOz Uw UOE of BD OriyGdedséll om the aspects of environment and
society emphasizing that balanced use of natural resources is important for
development of the generations of the society.

K6hohét 6t wr1 OEOz Uw* OOP Owden Nittogdidaytld 1 w" OOO01 EUD
and Sustainable Development

61 1 OQw* 1 @dpdhgesiuere examined in terms of the degradation of nitrogen
cycle, it can be seen that he addressedhat household, industrial and agricultural
wastes caused to water pollution. He also emphasized the reduction in variation
due to the water pollution. In other words, he implied the interdependency of the
cycles. Therefore, he attributed the environmental problems to human activities
referring the environmental aspect of SD. He especially had the idea that human

activities damaged the sustainable balance of nature.

K: Now let's say we have a lake or a sea or a river. Now this lake is 200 meter in
depth. Within these depths, plants, algae, and/or planktons live. But if there is a
very intense pollution in the lake due to the household wastes, agricultural
activities, industrial wastes from factories, paint wastes from leather and textile
industry, the water becomes blurred with time which blocks sunlight. So,
photosynthesizing organisms livin g in this contaminated lake cannot produce
oxygen. Due to the lack of oxygen both in the water and atmosphere, this is
resulted with a decrease in the number of biodiversity which in turns cause the
extinction of the species over time.

Moreover, he did not emphasize the eutrophication due to the excessive nitrates in
the soil or water resources. In the same way, he did not address that the greenhouse
gases includes nitrogen. Thus, he did not relate the excessive nitrogen in the

atmosphere to the acid precipitation. On the other hand, it was observed that Kemal

113



mentioned the acid rains in her teaching of biogeochemical cycles. During his

teaching of carbon cycle, he only mentioned that the structure of acid rains includes

contains carbon element. However, he did not relate this phenomenon to the

nitrogen cycle. To sum up, it can be seen that Kemal only addressed the acid

precipitation as a phenomenon and water pollution as an issue of sustainable

development in nitrogen cycle. ( OQOw UT EVWEEUI Ow* | GESydilw UOET UUUEOE
focused on the aspects of environment emphasizing that human activities should

sustain the balance of nature.

Finally, while mentioning the solutions, Kemal especially focused on the SD aspect
of education. He emphasized that developments in education could create more
sustainable world for the future generations with the help of educated and awared

people. Thus, he stressed the society aspects by underlying the future generations.

K:0 Sustainable life, sustainable environment, sustainable energy, sustainable
nature, sustainable economy. The basis of all these issues lies in education. In
such issues, if we do not educate our society, we will disappear. We will struggle
with ilnesses, the problmes such as the loss of land, the scarcity of vater or
energy. But if we are educated in terms of sustainability, | believe that we can
cope with all of these problems and make our world a more peaceful, greener,
safer home. | mean that education leads to awareness of people and finally
peopleinthe sSOEDPT UAWEEOwWUT EUT wUT T wUI UxOOUPEPOPUa wi OUw
ToconcludeOw6 1T 1 Ow*1 OEOz Uwl B x OE OE kau€eBandisbl@iéns | EwUOwUi 1 w
to the depletion in biogeochemical cycles examined, it can be seen that hemostly
underlined the issuesand aspects of SDin the carbon cycle. Therefore,it can be said
that he failed to connect both nitrogen and hydrological cycles to the related
sustainable development aspects although he mentioned some SD issues related to
these cycles. Additionally, although Kemal mainly approached to biogeochemical
cycles from the environmental aspect, he adressed all aspects of SD in related parts
of his explanations. To sum up, * 1 OEOz Uw E OGES$Dx tehaiiidg)

biogeochemical cycles can be seeim Figure 4.4.
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(OQwUi PUWUI EUPOOOwW* 1 OEOZUWEI! OPI gradeud &) Uw T OEOUw O
presented based on the analyses of his responses tboth the card-sorting scenarios

and the interview questions related to the goals of science teaching.

Kemal cited that his beliefs about central purposes for science teaching were

generally affected by the national science curriculum and TEOG exam (currently

known as LGS). He expressed that his basic goal of science teaching was to transmit

the curriculum objectives. Furthermore, he focused on the goal of preparing

students to courses taugh at high school which are chemistry, physics, and biology.

He emphasized that specifically in 8t grade level; the goal of science teaching was to

prepare learners to high school exam because of the existence of TEOG (See Table

4.11 for sample quotas).

Table 411 * 1 OEOz Uw2 EOx Ol w2 U E Blifabut Central IGGas Gdr E w U O w !
Science Teaching

Central Goals Sample Statements

To transmit the knowledge As a science teacher have no special goal. |

required by curriculum present the topics as acurriculum objective at
the 8th grade. That is, we present the
scientific concepts as curriculum
knowledge 0

To prepare learners to high 602EDPI OEl w Ul EET POT Ow £

school courses education given students to prepare them for

I BT T wUET OO0 uisatb Eay,Usdiehte
education is branched to physics, chemistry,
and biology in high school. So science
education in middle school basically should

given students to prepare them to these
EOUUUI Ub

To prepare learners to high 6, a wOE b O whe®th @Gad& i taipiepare

school exam students to high school exam. One of the
visions of our school is to be successful in
high school entrance exam, too. We try to
prepare students for a qualified Anatolian or
science high school.
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When it comes to his peripheral goals for science teaching, Kemal pointed out that
one of his goals for science teaching is to connect science and daily life. Moreover,
he stated that he tried to help students fulfill their needs in daily life. His respons es
included that science teaching is necessary to comprehend technological knowledge
and development (See Table 4.12or sample quotas).

Table 4.22.* 1 OEOz Uw2EOx Ol w2 UEUI O O0UwUIT OEUT EwUOOw! |
Science Baching

Peripheral Goals Sample Statements

To prepare learners to life O(OWEWUDOxOI wUl OUI «
i OUwWOPI T wPUWEwWxEUUW

To help learners to satisfy theirneeds 62 EPI1 OEl wli EUEEUDPOOw

in daily life students are given basic knowledge
related to their lives or to survive in a
rapidly changing world. They need to
have this knowledge in order to meet the
needs of their daily life (i.e., the need for
Ul1 OUl uUowbUUUDPUDOBOO

To help learners to connect scienceand 31 ET OO0O0OT awbUwbOI YP

technology world. Science teaching is necessary to
comprehend the technology. This
[science] education helps students learn
how to use technology as well.

*1 OEOz Uw El OP1 1 Uw &rd Opdripherdl Tgbals Bfl Wi€hteBdaching
completely overlapped with the orientations that he chose as parallel to his science
teaching. These orientations were based on the scenarios in the cargorting activity.
Kemal stated that the scenarios numbered 1, 4, 5 and 13 corresponded to ls
teaching. These scenarios were didactic,conceptual change, academic rigor and the
reality of Turkish Educational System respectively (Table 413 for sample quotas).
Although he chose the conceptual change as his orientation to science teaching at'8
grade, it could be obviously seen that his explanation was not appropriate the

definition of conceptual change.

117



First of all, he pointed out that he generally preferred didactic teaching to transmit

necessary knowledge to the students in a shorter time in 8" grades.
Kemal (K):6 ( Ow OawUEDI OEl wEOUUUI UOww ( wUUUEOOawT BYI
biogeochemical cycles, | try to reinforce this definition with some examples in
our daily lives, and transfer the knowledge of biogeochemical cycles to the
students. TheEPOw Ol wUT 1 wUUUET OUUzwOl EUOPOT wPUwUOWEODU
written exams.

According to Kemal, teachers had to teach the particular body of the curriculum in

certain times because of TEOG. Hence he mentioned that the main goal was to

prepare students to high school and the entrance exam so he preffered solving

different questions related to topics during his courses. Futhermore, he expressed

that teachers had both legal obligation and responsibility for obeying the curriculum

and they were not free to carry out different activities.
K63$. SaWPUWEWOEUDOOEOQWE OO Gréué siddéhis D Raltoked D OOwUT EUwl
the country enter in the same day. It means that if you do not complete to
teaching of required topics until certain dates in the first and second semester,
you are responsible for any problems arising from the incomplete topics. We
Ul EET T UUgwi EYl wEWOI T EQWOEOPT EUPOOWEOEWEEODODU
this issue that we will complete the topics... My problem is that we are not free.

We are given a curriculum, given a time schedule, and | have to be in accordance
with the curriculum.

When he was asked why he selected those scenarios, he stated that because éh
scenarios shared a common characteristic, which is being teachercentered. He
expressed that there was a limited time to complete the topics because of the
national examination (i.e., TEOG) so those scenarios were appropriate for his

scienceteaching in 8" grades.
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Kemal pointed out that he could not utilize the remaining scenarios, including

activity driven, discovery, guided inquiry, project based, inquiry, process, liberation

and curriculum goals due to their student -centered nature. He explained that such

scenarios required time and not suitable for crowded classrooms. He also

Ol OUPOOTI EwUT T wUIl EETTUUzZw EQEw UUUET OUUzw EORDPI Uat
overloaded curriculum, and the context of the school were most important factors to

El WEOOI wUT1 Ul wEEUDYDUDI UBw* |1 OEB®OmibsuddiEex Ol w@UOUEL

seen in Table 414

Although he varied his teaching with daily -life examples and questions to facilitate

UUUET OUUz wUOGEIT UUUE OE b Gobewv&libnudatd (iheuathingdt theE OOET x O U
biogeochemical cycles)revealed that lecturing and questioning were dominated his

teaching as well. He did not use any subject-specific strategies (orientations) apart

from the direct instruction. His teaching was generally structured, sequenced and

led by himself which was line with his orientation .
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In the Science and Technology curriculum utilized during the study, there was only
one objective specific to the topic of biogeochemical cycles, which isstudents are able to
explain biogeochemical cycles parallel to the energy flow in the foodM@NE, 2005, p.354).
The acquisition of this objective is closely related to the understanding of the
previous topic which is energy flow in the food chain. Hence, the objectives of
previous topic should be considered as a reminder to teach the topic of
biogeochemical cycles. While Kemal was teaching the cycles, it was generally
observed that he both helped students to recall the previous knowledge and
checked whether the students gained the objectives related to photosynthesis,
respiration, relationship between producers and consumers, and nutrition and

energy flow in the food chain.

When Kemal asked the aim of teaching biogeochemical cycles in CoReinterview, he
pointed out that the main aim of teaching this topic was the acquisition of the

objectives in the curriculum.

Researcher (R): What is your aim of teaching the topic of biogeochemical cycles?
Kemal (K): As a science teacherl have no special goal. That is, we [teachers]
present these topics as curriculum knowledge at 8th grade. While teaching
biogeochemical cycles,| try to teach the importance of the cycles and the actions
to be taken due to the continuation of the cycles. In other words, we answer the
questions such as why carbon cycle, water cycle, nitrogen cycle are so important
and what happens if they are disrupted 6 [CoRe Interview].

Besides, he emphasized that it was not enough to give students only the curriculum

objectives to comprehend this topic. He therefore stated that because this topic is a

OEUUI UwOi wYPUEOwWDOxOUUEOET wbOwl UOEORDWEEDOawoDi
affective domain objectives, indicated in Table 4.15, apart from the one in the

curriculum.

K: When the people interfere in the biogeochemical cycles, many problems come
to light...If the industrialization and technology cause so much pollution in the
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world; the problems arising from the disruption of the cycles will continue to

[ Exx] OwbOEUI EUDOT Oadw3il wl EUCTI wPUwPEUODOT
changing. The forests are destoyed and the variation is decreasing. These

xUOEOI OUWEI I 1 EQwi UOEOAUWODI T OwEI T 1T EUDPOT whkl
to solve these problems. So, | aim that students should be aware of the
consequences of deterioration of the cycles and at least kry to make them more
sensitive to environml OUEQuwx UOEOI OU wKEbRebtOrvieWDEDYDEUE OO Z

Table 4.55.* 1 O E I6tended Objectives Related to Topic of Biogeochemical Cycles

Intended Objectives

To describe the effects of human on the biogeochemical cycles

To comprehend the consequences of deterioration of the biogeochemical cycles

To recognize what needs to be done for the continuation of the biogeochemical
cycles

To raise awarenessfor environmental problems as an individual

(OwoOPOl wbpPUT w*1T OEOzZUw" O013swhHOUI UYDPI POwWwOEUI U
biogeochemical cycles. For example, he exemplified the environmental problems
that occur as the consequences of human activities during his teaching of carbon
cycle. Especially he associated the problems related to carbon and oxygen cycles to
the deforestation (i.e., forest fires and the cutting down the trees).
K:o6T 1T Owx1l Ox Ol ung tod mubhGrUnature, ithe Palance of nature is
destroyed. How people interfere in nature? For example, millions of hectares of
the forests are disappearing because of cutting down the trees or forest fires.
There are people who cut the trees intentionally and set up new buildings. For
whatever the reason is, cutting trees is equivalent to killing people for me. Each
tree both feeds us and produces oxygen. So, trees and plants are very important
to maintain the cycles of carbon and oxygen..We are the consumers so if we

want to contribute to the continuation of the cycles, we can plant a lot of trees
and pay attention to our consumption habits 6 @&lassroom Observation].

Moreover, Kemal was aware of both the horizontal and vertical relations to the topic
of biogeochemical cycles in the science and technology curricdum. Regarding the
horizontal relations, he emphasized that the previous topics of energy flow in food
chain, photosynthesis and respiration are very closely related to the topic of the
EDOT T OET 1 OPEEOQWEAEOI UBw' 1 wxOPOUI Ewidhesd w Ul EUw
previous topics has vital importance in their understanding of the biogeochemical
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cycles. As Kemal expressed, it was observed that he often recalled the previous

topics during his teaching of biogeochemical cycles.

K:... In the previous topic, you learned that living things were transferring the
energy to each other. First of all, we mentioned an ecosystem, did not we? We
said that there are living things in the ecosystem and they continue their lives by
transferring their energy to each other in this ecosystem. We started to energy
flow with photosynthesis. We told the green plants have vital importance for the
continuation of life by the help of the photosynthesis. They were at the bottom of
the food chain....Which organisms consume the plants?
Student (Std): Consumers.
K: Yes, that is herbivors. Herbivors eats the plants and they receive the energy.
Then the carnivores eat the herbivors and the energy transfers to the carnivores.
While the energy flows among the organisms in this way, living thin gs consume
something during their lifetime? What do they consume? For example, plants
EOOUUOI WEEUEOOWEDPORDPE]I OWEOPOEOUWEOOUUOI woralTl O
should be cycled within the ecosystem due to continuation of the life Therefore,
in this tox DPEQw Pl wbpbDOOwWw O OUPOOwWEEOUU[Gddsroormn EDOT 1T OET 1 C
Observation].
When the vertical relations were taken in consideration, Kemal emphasized that the
biogeochemical cycles are closely related to the topics of the basic building blocks of
living things, the properties of elements and compounds, and the chemical bonds
included in the learning area of matter and change in the science and technology
curriculum at the grades of 6 and 7. In his teaching of biogeochemical cycles, it was
observed that he often touched briefly on the required topics related to the each
cycle. For example, at the beginning of his teaching of biogeochemical cycles, he
leaded in the topic reminding to his students the importance of the building blocks
of living things and th e elements in these structures. Moreover, he evoked his
students the difference between evoparation and boiling during his teaching of

hydrological cycles.

* 0 &ou know that living things made up of the molecules of carbohydrates,
proteins, fats, vitamins. When we examine the structure of these molecules, we
see that they include some elements having vital importance. You had learned
these molecules in the 6th grade, and even in the 7th grade. We said that there
are carbon, hydrogen and oxygen elements in the structure of the organisms.
Also there is nitrogen, phosphorus. They are very important for all living things.
So, if these basic elements were not replaced when they were used up, we would
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say that after a certain time, life would end. If living thing s can not use oxygen,

they will not be able to breathe. If the carbon did not return to the nature, plants
POUOEwWOOUwWxT 60UOUadUliil Ubpal 6-D0UOTT OwbUwWUT T w
absence spel$ out the loss of living things. [ CoReInterview].

When asked the presentation sequence of the cycles in the curriculum, Kemalwas

aware of the place of the topic and the sequence of the subtopics. However, he

pointed out that he presented the cycles respectively carbon and oxygen cycle,

hydrologic cycle and nitrogen cycle. He attributed the reason of the modification of

the sequence of the subtopics to the familiarity to pre -requisite topic and the

importance of the problems related to the disruption of the carbon cycle. In other

words, he modified the curric UOUQWE Ul wUOOWEOUT wi PUwWUUUET OUUZzZ L

beliefs about the teaching the cycles.

R: How is the sequence of the cycles presented in the curriculum?

K: In the curriculum, the matter cycles topic starts when the topic of energy flow
in the food chain ends. First, the water cycle is presented, then carbon cycle and
lastly, nitrogen cycle is presented. However, | do not pay attention to the
sequence of the cyclé) 6

R: Well, in your opinion, why is the sequence of the cyclespresented in the
curriculum like this?

K: I do not know why the sequence of cycles is like this in the textbook. The
authors of the textbooks know the reason of this presentation sequence but | do
not know ...I can only explain why | teach the cycles of carbon and oxygen first.
The biggest problems of the world faced with are the ones arising from the
disruption of oxygen and carbon cycles. There are too many industrilization, too
much air pollution. The ratio of carbon is becoming higher day to day in the
atmosphere and we can see that how the climate changes. So | begin with these
cycles to the teaching of the topic of biogeochemical cycles. And | also said that
the previous topics of photosynthesis and respiration are very familiar with these
two cycles... Itis easier to teach inthisUT @Ul OET wi OUwoOl 6¢" 611 w( OUI

| 81 61 w*1 OEOz Uw* OOPOI ET 1T wOi w, EUI UPEOU
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In terms of resources used, Kemal explained that he has used the textbook and his
own lecture notes to teach the biogeochemical cycles. He stated that he did not use
textbook or student exercise book in the classroom actively. He underlined that he
only used the textbook to follow the curriculum and that his main source was his

own notebook that prepared from the internet sites (Table 4.16.
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K: There was a problem with the cycles when | tried to teach depending on the
textbook in the previous years. For me, it (textbook) was not enough. | prepared
my own notes by the searching of the internet. | constructed a notebook which
includes all of the topics in the curriculum in detail. | usually teach in line of
these notes. Besides, before | teach, | update my kawledge about the topic from
the internet. That is all. [CoRe Interview].

Table416.* 1 OEOz Uw POwOi waudeOT w3l EET POT w2

Sources that teacher use Aim of using in teaching

Textbook To follow the curriculum

Internet To update the information about the
topic

Personal Notebook To teach the topics by the help of the

information in notebook & To aid
students take notes of related topic.

During the classroom practice, it was observed that Kemal usually used his
notebook to benefit from the information rela ted to the biogeochemical cycles. He
took it as reference during both the teaching of the concepts and the drawing of the
figure of each cycle. On the other hand, he did not use the textbook and student

exercise book as he stated.
Kdhd!l 8t 8 w* 1 O&d indiructiofnOStraddgiksi
In this section, the knowledge of instructional strategies of participant teachers was

reported in two categories namely, knowledge of subject specific strategies and

knowledge of topic specific strategies.
K& hél 6t 6 Knbwledde OfESAbjed Specific Strategies

The strategies handled in this category represent the general approaches to enacting

UEDI OEl wbOUUUUEUDOOSG w3l Bpetific biidtegieOOréiaaditoE T 1 wOi wUUE
071 wssOUDI OUEUD OO U unpddentCht BOR i(Maghssobl KRLIOE 1 7 z WE O

Borko, 1999).

Kemal stated that he mostly used direct instruction and questioning method. He

pointed out that he let his students to answer questions and share their ideas about
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the topic and explained the topic the help of drawings and daily life examples

through the lecture.

Researcher (R):How do you teach the topic of biogeochemical cycles? Which
instructional strategies do you use in general?

Kemal (K): | draw the relevant figure and picture of the cycle all over the
blackboard. | try to draw every thing | say... | finish the topic when I

completed the drawing... | try not to teach in a boring way. | expect them
[students] to be active in the lessons by using questioning method. [CoRe
Interview] .

Kemal attributed the main reason of the preffering questioning method to the

crowded classrooms. He stated that each student has different characteristic and

therefore, he could not use different methods according to their different learning

U0aol Ubw %0U0T 1T UOOUI Ow *1 OEOwWw EOOXxOEDOI Ew U7 1 w

because of the national examination prevented employing of different methods.

R: Why do you prefer to use this teaching method?
K: The classrooms are ery crowded. There are at least 40 students in each

teach according to the learning style of each student. Besides, the students
have already known the topic because they are taking extra lessons after
school. They are studying for the TEOG exam... They have no difficulty in
understanding of these topics6 € " @ Interview] .

Kemal pointed out that the time devoted to teach the biogeochemical cycles in the
curriculum was adequate. Accordingly, he addressed that he spent less time for
teaching the topic than suggested by the curriculum. According to him, it is

necessary to employ this method in order to teach the topic in a short period of time.

611 Ow*1 OEOzUwUI EET RIGYclesOnasuekamindd] itCchidi bé geén
that the main characteristic of his teaching was its teachercenteredness. He
generally used questioning and direct instruction to transmit the content knowledge
to learners. His teaching was generally based on lecturing. He did not use any
student-centered strategies like 5E Learning Cycle, Conceptual Change Approach

and Guided Inquiry etc.
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Knowledge of topic -specific strategies of participant teacher was presented with two

sections as; knowledge of representations and knowledge of activities.
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Results showed that Kemal used the representations like drawings and examples in
order to aid students in developing the understanding of the topic of
biogeochemical cycles. Especially, he actively used the blackboard to draw the
figures to represent the concepts of carbon(Figure 4.5), hydrologic al (Figure 4.6),
and nitrogen cycle (Figure 4.7). For each cycle, he drew the whole cycle
systematically, explaining the concepts throughout the lecture. Sometimes, he

invited students to the board and asked them to draw some parts of the cycle.
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Moreover, he gave various daily life examples to support the comprehension of
students. At the beginning of the topic O1 WEDOT 1 OET | OPEEOWEAEOI UOwUOWE
attention to the balanced amounts of matters in nature, he exemplified the

consumption of the foods found in the refrigerator from daily life.

K: You go home, you open the refrigerator, and you slice some cheese,and eat
it. The next day you go home again, you open the refrigerator again, take
some cheeseand you eat. You do samethings on the 3rd day, and when you
go home on the 4th day, will you find cheesein the refrigerator?

Std: | do not. No.

K: Do not? Why?

Std: Becausel eatit all.

K: You eat and finished it. What will you eat next time? You will eat olives.
After a certain period of time, the olives will finish. So what? If we do not
replace the things we have consumed, we will not be able to use them again.
The samething is valid for biogeochemical cycles. The cycle continues aslong

Especially in his teaching of hydrologic cycle, Kemal gave many examples to
emphasize the importance of water for living things. He first mentioned the
examples of Aral Lake and the civilizations on waterfronts in order to attract
UUUET 60Uz wE®& tdbhsériamd &F uné Gaturll iresources. Then, he tried to
I 3xOEDOwi OPwbOXx OQUUEOUwWUT 1 whEUI UwPUwEawUT T wi BEOxC

K:5 | watched it in a documentary. One scientist says that a lake whose size is
five times bigger than Marmara Sea disappeared. A lake called Aral. It is
disappearing and its waters are drawn. Such a lake disappears, but nobody cares.
But if there was a drop of water from space, it was announced as extraordinary
news. These statements cause me to be sorry because we ranot preserve our
sources. When you examine all civilizations, they were on waterfronts. What was
the first civilization established in the Euphrates and Dicle basins? Is Sumerian
civilization? Or Anka, Asian civilizations, you will see that they are esta blished
on the edge of a water source. The most important part of our life is being sucked
into the water. One of our indispensable resources is water. It is essential for all
OPYDPOT wlT POT UG

o)

Ko 0A deer thirsts; a crocodile awaits it in the swamp. The deer knows it, but
goes there to drink water. Would you go there?

Std: Yes, | would.

K: You did. Why?
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Std: In any case | will die. | would try to drink water. Other wise | will die due to
the thurst. For me, being the food of crocodile is better than the thurst.

K: Okay, as you say, the deers go and drink water from there. So drinking water
is very important to us...You have known that the cells of organisms can live only
watery environment. So water is very important for plants, for animals, for all
living thingsd [Classroom Observation].

| 8+ 81 dhrudw*1 OEOzUw* OOPOI ET1T wdOi w EUPYDUDI U
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Kemal did not include any activities regarding the topic of biogeochemical cycles in

his lessons. He used the representations rather than activities. He stated that he

could OO0O0a wil PYI wi REOxOI UWEOEWEUEPwWI PT UUT UwWEIT EI
readiness. He pointed out that since his students have already known the topic, the

topic did not attract them anymore. In a result, Kemal expressed that he did not

conduct any activit ies found in the textbook and student exercise book.

| 8 Kdw*1 OEOzUw* OOPOI ET 1 woOi w2UUETI OGUUz wa OEI
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STDUWEOOxOOI OUwOil w/ "*wi OEVUI Uw OOwUT 1T wOIl EEIT
students develop specific scientific knowledge. There are two subcomponents:

Ul gUPUI O1 OUUw i OUw O1 EUODPOT w EQEw EVUI EVUw O wED
OO0OPOI ET1T woOi woOl EUOTI UUz wUOBET UUUEOEDOT wUI 1T EVEE
was presented.

KGhdl 6 KEhdw*1 OEOz Uw* OOPOT ET T wOi wil gUBUI 61 60U
Kemal was aware of the prerequisite knowledge needed by students to learn the

topic of biogeochemical cycles. Hefirst emphasized that students need to know the

structure of the carbon, hydrogen, oxygen, and nitrogen elements, the compounds

they formed, and the organic structure of living things.

Researcher (R):What prerequisite knowledge do students have to learn the topic
of biogeochemical cycles?

Kemal (K): First of all, it is necessary to for students to know carbon, hydrogen,
oxygen, nitrogen elements. As well as their place on the periodic table, and
whether metal or not. Students also should describe the properties of these
elements. They should describe the chemical structure of the compounds formed.
The important thing is to perceive the importance of these elements in our daily
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life... Secondly, they need to know the organic molecules that living things
consist of. They will learn what happens to these organic structures after living
things die. So they will infer that organisms which are producers, ¢ onsumers and
decomposers are very important components of biogeochemical cycled ¢ " @1
Interview] .

Then, he underlined the understanding of the topics of the photosynthesis and

respiration; and food chain in the ecosystems as third requirement of the topic.

K:...The processess of photosynthesis and respiration are very important factors
especially in the carbon and oxygen cycles. In the photosynthesis, the amount of
light, the amount of water and the carbon dioxide is very important elements. In
the respiration again, the food produced by plants and the amount of oxygen.
And the interactions among the organisms in the food webs are important as
well. These components are closely related to the biogeochemical cycles because
they are the components and processs which take place in the cycles directly.
Therefore it is required that the students should comprehend these topics
meaningfully [CoRe Interview] .

In his teaching, Kemal generally used the pre-requisite knowledge to aid his
UUUET OUUz wOl E Utod®f hing2bchetdital ayc®d dasily. For instance,
while teaching the topic of carbon cycle; he recalled the topic of energy flow in the
food chain to introduce the relations between organic and inorganic structures in

the cycle.

K: Who consume carbon dioxide in the air?

Std: Plants.

A: Plants use the carbondioxide in the air. So,the organisms that can produce
their own food use this carbondioxide. What do they produce by using the
carbon dioxide?

Std: Food.

K: They produce organic food, do not they? Well, do the plants live forever?
Std: No.

K: They die, do not they? How the plants die?

Std: They get dry.

Std: They turn pale.

K: So,doesthis plant die when an animal eatit?

Std: No, it doesnot.

K: Well, what happensin that case?

Std: Gives its energy.
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K: Yes, it gives the energy to another organism. So, the plant does not die; it
becomes the food and turns into energy for other organisms [Classroom
Observation].

On the other hand, Kemal considered his U U U E | néitbeld zkills, abilities nor
learning styles. He, generally, touched upon his U U U E Irgguiréhgents for their
conceptual understanding.

412421 OEOQOPOT ET1 wOl w Ul EVwWOI w2UUETI OUUz w#bI i
Kemal stated that his students did not have any difficulty or any misconception in
the topic of biogeochemical cycles. Kemal pointed out that students have concerned
about the exam results, not the comprehension of the topic. He complained that his
students have neglected the topic of biogeochemical cycles because of the limited
number of the questions asked in the TEOG exam. Moreover, he stated that in
environmental topics, students could not transform their knowledge to the daily
life. He complained that the learners cannot develop an attitude in accordance with
their environmental awareness.

R: Do students have learning difficulties that will affect your teaching about
biogeochemical cycles? This may be misconception or partial understanding. At
what points ar e students have difficulties?

Kio( WEOwWOOUwWI EYI wEOaAawWDPOEOUUDPY! wUUUET OUwbOwC
grades, both are successful. There are no excuses to understand this topic.

R: Do not their prior knowledge have any misconception?

K: Absolutely not. As | said before, their prior knowledge is very good... | have
known these students since 5th grade. So, | have known whether the students
comprehend the topics or not. Thus | can say that they do not have any
difficulties in preliminary knowledge or comprehension of the required topics.
However, ecpecially in such topics related to environmental issues, students can
not transform their knowledge to their daily life. We can not evaluate whether
students gain environmental awareness [CoRe Interview ].

Bhdl 6kow*T OEOzUw* OOPOI ET T wdi w UUI UUOI OU
This category of PCK includes two subcomponents namely; knowledge of

dimensions of science learning to assess and knowledge of methods of assessment.

*] OEOZUwOOOPOI ET 1T wOi wEUUI UUOI OQUwPEUwWxUI Ul OUI
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dimensions of conceptual understanding, interdisciplinary themes, NOS

understanding, science-process skills and/or problem solving skills. Kemal stated

that during the lessons, he could only assess the content knowledge that students

were supposed to learn in the curriculum .

Researcher (R):Is there any assessment methods do you use in order to evaluate
UUUET OUUz wOil EUODOT wEUUDOT wUT 1T wdOl UUOOUY
Kemal: Due to the national exam, we have a limited time, so we transmit the
knowledge of the current topic and pass to new one. We can only assess what
and how much students learn according to their grades on the written exams. |
can also use the questioning in order to either evaluate their conceptual
understanding or recall the knowledge on the previous topic. [CoRe Interview].

Data gathered via observations also revealed that Kemal generally focused on the
EUUI UUOI OUwPOWOUET UwUOwI YEOUEUI wi PUWUUUET OUUZ WE
assessing other types of domains such as interdisciplinary themes, NOS
understanding, science-process skills and/or problem solving skills. It was also
OEUI UYT EwUT EQwi 1T wi OEI EY Coonddptiaukidviedge©@kng O wi DUwWUUUE
Ul YT UEOQw@UI UUPOOUwWUOwWOOOPUOUWUUUET OUUzwoOl EUODOT
UUI EwUOTT wgUi UUDOODPOT w Ol Ul OE weptdalukbowgdgee Ow UUUET OU L

related to photosynthesis and respiration before his teaching on carbon cycle.

K68 ( OwUTl PUwUOXxPEOwWwPT whPOOWUEOOWEEOUUWUT 1T wEDOI

want to start with carbon cycle. Why is carbon important? Do you have any id ea?

Std: It is important to produce food. Plants need carbon to produce food.

K: Carbon or a compound of carbon?

Std: The compound of carbon.

K: It needs carbon dioxide. Anything else?

Std: Carbon dioxide takes place in respiration. We gave CO: to the air.

K: Yes.

Std: Fossil fuels contain carbon.

K: Yes, your friend has mentioned something important.

Std: Acid rains include carbon.

K: Yes, Anyting else?

Std: It takes place in foods and in the atmosphere.

Ki. OOwUT T Owoll Uz UwOI O Uedssaat Goddivatiarf. EUEOOWEAE O] w
136



2001 wgUI UUPOOUWUT EVUwW*1 OEOwWUUT EwUOOWEUUT UUWT U

carbon and oxygen cycle were presented below in Table 4.17

Table 4.17 Kemal Sample Questions © Assess Student Learning

Questions

How do the plants produce energy?
What are the fossil fuels?
Where are fossil fuels used?

Kdhd!l kbl dw*1 OEOzUw* OOPOI ETT woOi w, 1 0T OEVwWOI w
Kemal stated that he preferred to use only traditional assessment methods namely,

informal questioning and written exam. He emphasized that he used only written

exams which include multiple choice, true/false and open-ended questions to

evaluate his studenUUz wEOOEI x UUEOwWUOEI UUUEOQOE-®@ddd w' 1 wU
guestions were distinctive ones to understand how much students learn.
Furthermore he addressed the informal questioning to recall the prior knowledge of
students during the lessons. He did mention any alternative assessment methods
like concept map, structured grid, peer or self assessment.
R Ul wUOTT Ul wECawUxI EPI PEwWwOI Ul OEUwUT EQwaodlu
learning on the topic of biogeochemical cycles?How do you use these methods?
K: Only written exams. Besides, | ask the questions in order to understand
PT 1 07T UwUUOUET OUU WOl EUOwWxUI YDOUUWUOxPEWET i OL
R: Ok, then why do you assess in this way? What are the reasons?
K: The system of TEOG forces us to use sch methods. We do not have time to
EUUI UUw UUUET OUUZw xUOT Ul UUw EUUDLOT wUTT wol UL
UUOUEI OUUZwUEOUTI UwOOwUT | wi BEOUSw6ET I OWEwW@UI U
national exam, how many students can answer this question correctly is more
important for me. For example, | asked a question during the lesson and Fatma
EOUPI Ul EwYl Uawbl OO w( WUEPEwWs s WEUOEOQwaObUuwPpki
then she took 20 points (out of 100) in the written exam. This result is not good
for me. | mean that if the student has meaningful understanding of the topic,
he/she should receive high scores in the exams.
R: Which type of questions do you ask in the exams?
K: There are multiple choices. There are the questions that students fill in the
blanks. If we want, we ask two open-ended questions. The students get high
scores from other questions except the operended ones. These are are distinctive

in order to evaluate whether students meaningfully understand the topic [Core
Interview].
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Kemal used the traditional assessment techniquesduring his teaching of the cycles,
toodw' T wxUIT1TUUI Ewll Ol UEOGOawUT T wEOOUI wi OET Ew@UI
learning. He did not use any other assessment technique apart from the questioning
UOwOOOPUOUWOI EUOT UUZ wUOE | A3 tnentidddd inChis GaRe UOUT T wUT 1 w
interview, h e did not provide any feedback for additional activities or review the
points that learners have difficulties as welld w ( Ow U7l PUw UI T EUEOQw*1 OEOz Uu
assessment was missing.
R#OwaOUwWEUUI UUwaOUUwWUUUET OUUzZwoOl EUODOT wEUUDOT u
technique to evaluate what the students learn during the lesson?
K: No, I donot. Thave no UDO1T wOOWEUUI UUwWUUOUET OUUZzZwoOl EUODPOT w
the classroom size is 20 students, | can use different assessment techniques but in
the crowded classroom | generally use questioning to either recall the previous
UOxDEwWOUwWOOOD U O UingUCdReubrdnib]l OUUz woOl EUO
It was observed that Kemal only focused on the summative assessment at the end of
the unit. He held a common written exam including multiple choice items (ten
guestions), true-false questions (five questions), and short answer (five questions).
(OwlT 1T wl REOOwWUT T Ul wPEUWOOOawOO!l wOUOUDxXxOI wel OPEI u
conceptual understanding on the carbon cycle. It was also observed that he could
not even use the assessment technigues in the textbook and student workbookto
EUUI UUwT PUwUUUEIT dufing and @f@eEthedadhiBgtteDdit. wn the
OPT T OwoOl wOT T wl RxOEOEUDOOUWEEOYI Ow*1 OEOzUwOOOPOI ¢
in Table 4.18.

Kemal underlined that teachers had serious problems about the alternative

assessment techniques. He stated that Ministry of National Education expected

teachers to apply different methods, but they were not informed about these

Ul ET OPQ@UI UBw' 1 WEUUT UUI EwOT ECwUT EETT UUWEOwWOOUWOOCE
K:io6l wi EYTIl wUIl UPOUUwWXxUOGEOI OUwpkpPUT wOT T woOl EV0OUI O
Ministry of Education writes a lot of things about measurement and evaluation in
the curriculum and wants us to use these methods actively. We have no idea
about how they are used. The authorities can come and inform through the in -

service training. They should train us on how these methods applied in the
lessong [CoRe Interview] .
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K6l 6w" 2 $ @ubjeauMalttef Knbwiedge and Pedagogical Content

Knowledge on Biogeochemical Cycles

In this study, the researcher used the pseudonym for the participant teachers and

Hale was called for Case 2. Hale is female and fortysix years old. She was

graduated from biology department in Faculty of Arts and Science of a public

university in 1988. After graduation, she worked as a biology teacher for one year

Hale had completed her PhD in the department of molecular biology between the

years of 20032009. She attained trainings on studentcentered instructional

strategies and alternative assessment techniques. Moreover, she has communicated

with their colleagues to share teaching experiences via social media. She is an active
xEUUPEDPXxEUOUwW POw 3211 $5w 3 UUOPUT w BOBOBEYD@Ow O
activities and annual meetings. Hale has already been working in Eco-schools

x UONT EQwbDOxO1 OI OUIl EwEaw3211 $5wi OUwUI YI OQwal EUVw
Currently, she has been teaching science for twentyfive years in public middle

schools as a sience teacher. Hale has taught 7 and 8 grades during 2013-2014

education year and has twenty course hours as work load per week. There were

thirty -OT Ul 1 wUUUET OUUwPOuwi I UwEOE U U ufGubed matted wUT PUwUI EOU

knowledge and pedagogical content knowledge were presented.
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The results of ' E O Isubdfiantive knowledge regarding biogeochemical cycles are
are presented in three headings, respectively; carbon cycle,hydrologic cycle and

nitrogen cycle.

Hale initially was requested to answer the question what the biogeochemical cycle

PDUS w21 1 wl B x OE bddroesslr whiehfhe Brivunis Bfthe snaterials are
conservedb D UT OUUWEIT DOT wE OO HAd uddeinedutEetb@ands dithe z 7 8 w
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amounts of the materials such as water, carbon, oxygen, nitrogen and phosphorus
PT DPET wEUI woOl El UUEVUawi OUw YDPUEOOuwtEed® W UDI Uw O
consume these materials [water, carbon, oxygen, nitrogen and phosphorus] and

then, the detritus of the organisms are decomposed into inorganic matters under the

sol EAWEI EOOxOUI UUzz86w21 1 WEEET EwUT EQwUT 1T UTl wbo
things through food web and returns to the atmosphere again. She detailed the

biotic components of the cycles as plants, animals, decomposers, and living

organisms in food web. Al though she highlighted the soil as abiotic component of

the cycles, she did not touch upon the sunas the source of continual influx of energy

or driving force in the cycles. She also did not address the reservoirs of chemicals as

the abiotic components. IOw Ul UUOUOw' EOI zUwUOET UUUEOGEDOT woi

as partial.

Researcher (R):How can you define biogeochemical cycle?

Hale (H): Cycle is a process in which the amounts of the materials are protected

without being completely consumed. Nature preserves and balances the amounts

of these chemical materials which are necessary for vital activities of living

Ul pOT U637 1 wOEUI UPEOUWUUET wWwEUwWPEUI UOWEEUEOO
are used by plants, animals and other living organisms and then, decomposers

decompose the detritus and the dead bodies of the organisms to inorganic

matters under the soil. These inorganic matters are used by plants and other
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explain the carbon cycle.' EOl z Uw UOEI UUUEOEDPOT wOi wEEUEOOuU
partial based on the statements in both her drawing and teaching. In Table 4.19,

"EOl ZUwUOEI UUUEOEDOT wUl OEUI EwUOwWUT 1 wWEEUEOOWE

When asked the question of why the carbon cycle is important, Hale initially
underlined the existenceof carbon and oxygen in the structure of livi ng things. She

highlighted the functions of carbon and oxygen in the formation of organic
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compounds such as proteins, carbohydrates, and fats addressing the food
requirement of all living things, she emphasized the importance of CO: for the

photosynthesizing organisms to produce food.

R: Why is the carbon cycle important?

H: Carbon and also oxygen are the main materials of substances that form the
structure of the living body including cells. They [carbon and oxygen] are
important elements because they constitute the structure of nutrients such as
proteins, fats and carbohydrates. Furthermore, every living thing needs food to

produce energy for vital activities. We, consumers, do not produce our own food.
We can get the food through plants. Plants and other photosynthesizing

organisms need carbon dioxide to produce food. For this reason, CO: has also
vital importance for both the plants and all other living things.

Table 4.19' E O Urdérstanding of t he Carbon Cycle

"EOI zUw4 OETI UUUEOGEDOT
Plants, algaecyanobacteria (as Producers)
The animals and humans (as Consumers)

1 Bacteria under the soil (as Decomposers)

Organic compounds in the structure of all

living things, fossil fuels, atmospheric CO 2

(as Carbon Reservoirs)

Soil (as Abiotic Component)

Water (as Abiotic Component)

Sun (as Energy source)

Burning of fossil fuels

Photosynthesis of plants, algae,

cyanobacteria

Respiration of plants, animals and people

Transferring of carbon element from plants

to animals and people by food substances

1 Decomposition

1 Carbon cycle in aquatic environment

=

Components within the cycle

=

Processes within the cycle

= = = —a -

= —A

Then, Hale continued to explain the carbon cycle through drawing (Figure 4.6 ). She
initially underlined the process of combustion stating that the carbon dioxide is

released to the atmosphere as a result of burning fossil fuels in human activities. She
drew the fossil fuels under the soil as a source of carbon element. Later, she
continued to draw the processes of respiration and photosynthesis. She touched

upon that carbon dioxide is also released to the atmosphere through the plants,
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animals and humans during respiration. She detailed that carbon element in the
structure of the food is transformed to the animals, people; reacts with the oxygen
gas and returns to the atmosphere as carbon dioxide in the process of respiration. In
here, Hale also referred the process of transformation of carbon from plants to
consumers. Although she merely showed the plants as autotrophs in her drawing,
she mentioned that organisms such as plants, algae, and cyanobacteria use the
carbon dioxide in the atmosphere to make food during photosynthesis. Lastly, she
addressed the process of decomposition in her explanations through drawing

(Figure 4.8)

R: Could you please explain the carbon cycle by drawing?
H: 6 Z#UEPDOT ¢ w3l 1l wOEPOwWxUOET UUTI UwbPOwUT T wEE
respiration and combustion. The carbon dioxide in the atmosphere is released
during the processes of respiration and combustion, and used by plants in the
process of photosynthesis. First | want to mention about the removal of carbon
dioxide from the atmosphere via burning of the fossil fuels. When bodies of
human, animals and plants stay under the soil for a long time, they form fossil
fuels such as oil, coal, and natural gas.We use these fossil fuels in our homes or
factories to produce energy. Thus, carbon and its derivatives are released to the
almost 0.03 % CQ in the atmosphere. Plants are only living things which can use
the carbon dioxide in the atmosphere. They use this CO: during photosynthesis
and produce food. Thus, the carbon element in the carbon dioxide is stored in the
food. Then, animals and people eat this food and the carbon compounds in the
food are transferred to consumers. They [animals and humans] give out water
vapor and carbon dioxide to the atmosphere again breaking up this food with
oxygen gas during respiration. And lastly, decomposers separate the dead bodies
of the animals, people and plants under the soil and the carbon dioxide returns to
the atmosphere. And all processes are perpetually repeated for the maintenance
Of wUOT 1T wobPI T
From the drawing, it can be inferred that Hale was aware of the reservoirs of the
carbon. She rderred the sources of carbon element as the structure of living things,
atmosphere, and fossil fuels in her explanations during the drawing. On the other
hand, she did not state the dissolved carbon compounds in oceans as a reservoir.
Besides, she did not address the major source of carbon dioxide as oceans and

biomass.
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structure of the living body and cells. They [carbon and oxygen] are important

elements because they constitute the structure of food substances such as

proteins, fats and carbohydU E U1 Ud 6 w
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When we mention plants we're not just talking about plants and trees on land.

Algae living in water, i.e., cyanobacteria function as the plants. You know that in

the carbon cycle, the producers in the water are algae.

Hale also referred that the oxygen cycle is associated with the carbon cycle. She

stated that the processes within these [carbon and oxygen] cycles are interrelated,

thus, did not draw the processes of the oxygen cycle separately. She solely

emphasized that the process of combustion arises from the existence of oxygen.

Moreover, she pointed out the impo rtance of oxygen by explaining the function of

ozone layer. She stated that the ozone layer absorbs the ultraviolet rays which are

hazardous to the living things. In her explanation of carbon cycle, it can be seen that

she explained the existence oxygen in the structure of all living things. In addition,

Hale mentioned the proportion of the oxygen gasin the atmosphere.

H: We know that the oxygen cycle is reverse of the carbon cycle. The processes

are interrelated in these [carbon and oxygen] cycles. The materials which are

products in the oxygen cycle are inputs in the carbon cycle. Moreover, all

combustion reactions arise from the existence of oxygen. | said that the carbon

dioxide is released to the atmosphere during the burning of fossil fuels. This

process [burning] needs the oxygen to happen. Also the process of the breaking

of the food substances in the respiration also needs oxygen because this process

gas. Also, the oxygen is found as ozone in the atmosphere. We know that the

04001l wOEal UwxUOUI EUUwWUUwWi UOOwWUT 1T wUOUUEYDOOI
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In a brief, HHOT z Uw UUEUT O1 OUUwUI 1T EVUEDPOT wUOT Tbanx UOET UUI Uw
cycle in Table 4.19were consistent to the scientific explanations. Although she

underlined all biotic and a biotic components of the cycle, she did not state the

dissolved carbon compounds in oceans as a reservoir. Additionally, she implied the

aguatic carbon cycle while her teaching of carbon cycle buther explanations were

not substantial. Lastly, she did not address the major source of carbon dioxide as

oceans and biomass. In these considdf UDOOUOw' EOI ZUwUOEI UUUEOGEDOT wod
was labeled as partial.

K6l 66l dw' EOIl ZUw* OOPOI ET T WEEOUUW' aEUOOOT PEw" aE
30wl UEUxw' EOIl ZUwWUOET UUUEOGEDOT woOi wdrawBndOOO1T DPE WE a E «
explain the hydrological cycle.' EOI z Uw UOET Unydiblogichl ryie wad i

labeled as sound based on the statements in both her draving and teaching. In

Table 420 w' EOI z UwUOEIT UUU Bh@ibbdral wydle i©idhatized OwUO i 1T w

Table 420" EOI zUw4 OE] UVUUEOEDOTya®i wlUOT 1 w aEUOOOT PEEOW"

"EOI ZzUw4 OEl UUUEOEDOI

The plants (as Producers)

The animals, humans (as Consumers)
Oceans, Lakes, Glaciers, Ground Waters
and Streams (as Water Resources)
Soil (as Abiotic component)

Sun (as Energy source)

Temperature & Wind (Climatic factors)
Evaporation

Condensation

Precipitation

Surface Flows

Transpiration

Penetration

Components within the cycle

= =4 -

Processes within the cycle

=4 =4 -4 a8 -8 _a_a._°a_2
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Hale began her explanation with the importance of water. She expressed the role of
water in the structure of living things which is in line with the scientific explanation.

She mentioned the necessity of water in the bodies of organisms for metabolic
activities. She exemplified the use of water in photosynthesis for plants and the

filtering process of kidneys in human body.

' O WFOr me, water is most important matter in the earth. The life is derived from
the water. For instance, if so, the water was found in Mars, living creatures
would come into existence, because the water is equivalent to the life. We need
water for all metabolic activities such as eating, breathing, the filtering of the
kidneys etc. Besides, the plants have to use water for producing food in
x1 OUOUaoUT 1 UPUGG6T WEEOWUEawWUT EVUwWwUOT T whPEUIT Uw
Uil pOT Ub
Then, Hale mentioned all reservoirs of the water by giving an example for the
amounts of the water resources on Earth. At that moment, she addressed the
reservoirs of water such oceans, ground waters, lakes, rivers, and glaciers. She also

mentioned the oceans as the major water resources.

H: 6 31 1 UI sevErhl ivater sources on earth as oceans, seas, rivers, lakes and
underground PEUT UUB w+1 Uz UwUT POOWUT E0wUT T wEOOUOU W
glasses in total. The ninety-seven glasses are the salty water in seas and oceans

and we do not use them as drinkable water. Then, two glasses of them arekept in

icebergs. We, people, cOwW OO0O0a wUUl woOO! wi OEVUUwWOI whEUI Uwi
that there are 7 billion people who need water in the world. However, we have

one glass of water to drink! If so, we should use this water carefully. We should

use our reasonable efforts in order to protecU wUT I wOEUUUEOQwPEUI UwEa E

Hale continued to her explanation with the process of evaporation in hydrological

cycle. She especially underlined that the water evaporates at any temperature.
Additionally, she highlighted the evaporation rate in the oceans. T hen she showed
the processof condensation in her drawing and mentioned about the formation of

clouds. Thereafter, Hale detailed the process of precipitation as snow, rain and halil
according to the atmospheric temperature. She also mentioned that the wind causes
to the transmission of the precipitation to the different regions. She emphasized the
surface flows and the process of penetration, as well. Moreover, she addressed the

releasing of water vapor to the atmosphere through respiration and referred the
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process of transpiration of the plants in the hydrological cycle. However, she
showed neither the biotic components as plants, animals and people nor the

processes of respiration and transpiration in her drawing (Figure 4.9).

R: Could you please explain the hydrological cycle by drawing?

Ho Z# UEPDPOT ¢ w%dugh évapddtion Evatér ®apdl moves from water
sources to the atmosphere. Water evaporates at any temperature.The larger the
EUI EQwUT 1T wl Ul E UIThewefre, ithaiévapBratinUdelihBh® céans is
always highest among the rates of evaporation in other sources. Besides, all
living things, including plants, animals, humans; give carbon dioxide and water
vapor to the atmosphere through the respiration. Plants also give water vapor to
the atmosphere through transpiration. Water vapor coming to the atmosphere ,
through all these processes condenses and falls down as precipitation. We know
UT EQw EOOUEUW | OUOUW EUTl wUOwWUITT wEOOODPOT w Oi wprEU
atmosphere. They contain droplets or ice crystals depending on the atmospheric
temperature. Therefore, different precipitation types such as rain, snow, hail can
occur. The precipitation does not always occur in the region where the water
evaporates. Thewind causes the clouds to move, so the precipitation falls into
the different regions such as the soil, the settlements and the mountains apart
from the oceans or lakes. The water percolates into the soil and forms the
ground -water or joins to oceans or lakes through surface flows. Again, the water
in oceans and lakes evaporates and returns to the atmosphere. In this manner,

(OWEOOEOUUDPOOOW' EOIl zUwilI RxOEQEUPOOUWUI OEUTI EwUOuw
components of the hydrologi cal cycle (Table 4.20) were consistent to the scientific
explanations. However, considering the lack of the knowledge regarding the sun
and gravity as the driving forces for the cycle, ' E O urgdistanding of hydrological

cycle was labeled as partial.
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tudt dw' EOl zUw* OOPOT ETT WwEEOUUwW- PUUOT T Ow" aEOI
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K
3OwbPEI OUPI aw' EOIl ZUwWUOBET UUUEOCEDOT woOi wOPUUOT I OwEaAE
cycle through drawing. ' EOIl z Uw UOETI UUUEOEDOT widbélad @D UUOT | Qw E a
partial based on the statements in both her drawing and teaching. In Table 4.21,

"EOl zUwWUOET UUUEOGEDPOT wUI OEUT EwUOwWUT 1 wEAEOI wbUwUUC

Table 4.21' E O Urdétstanding of the Nitrogen C ycle

"EOI ZzUw4 OEl UUUEOEDOI

Components within the cycle 1 The plants (Legumes) (as Producers)

The herbivores, the omnivores, the
humans (as Consumers)

Decomposers

Nitrogen -fixing bacteria

Nitrifying & Denitrifying bacteria
Atmosphere and the soil (as Nitrogen
reservoirs)

Water (as Abiotic component)

Nitrogen fixation

Nitrification

Denitrification

Transformation of nitrogen compounds in
living things (N -Assimilation)

1 Lightning

=

= =4 —a -

Processes within the cycle

= =4 -4 A -

Hale first emphasized the atmospheric reservoir of nitrogen gas. She mentioned that
nitrogen gas in the atmosphere is used in neither photosynthesis nor respiration by
producers or consumers. She detailed that plants can only use the nitrogenous
compounds in the soil such as ammonia, ammonium or nitrate. In here, she touched
upon the soil as a nitrogen reservoir. Then she highlighted that nitrogen is the one
of the basic components in the structure of living things. She elaborated that
proteins and nucleic acids such as DNA, RNA and vitamins contain the nitrogen.

Hale, thus, underlined the importance of nitrogen for living things.

things cannot use this nitrogen gas directly in the processes of photosynthesis or
respiration. Plants can only use the ammonia, ammonium or nitrate in the soil. In
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other words, the nitrogen gas should be converted to the nitrogenous

EOOx OQOUOEUWEUTI wUOOWET WUUEEOIT wi OUOwi OUwobpyYbDOT

required for the proteins, nucleic acids such as DNA and RNA and also vitamins

which form the basic structures of the organisms. So, the nitrogen is essential for

Uil wEOOUDPOUEUDOOWOI woObPi 1 6
After that, Hale was requested to explain the nitrogen cycle through drawing
(Figure 4.10) She initially addressed the lightning process. Then, she mentioned the
process of nitrogen fixation. She explained that the nitrogen gas in the atmosphere is
converted to the ammonia by the nitrogen fixing bacteria in the soil or on the roots
of legumes. Besides, she clearly defined the processes of nitrification, nitrogen
assimilation and decomposition such in the scientific explanation. Lastly, she
underlined the process of denitrification as the conversion of nitrogenous
compounds in the soil to the nitrogen gas by denitrifying bacteria. She referred the
plants, herbivores, omnivores, decomposers, ntrogen-fixing and nitrifying -
denitrifying bacteria as the biotic components of the nitrogen cycle. On the other
hand, Hale did not mention the cyanobacteria as nitrogenous bacteria in aquatic

systems.

R: Could you please explain the hydrological cycle by drawing?
HoZ#UEPDPOT dw- OPOwbi WEEOwWUI xEUEUI wOT 1
are organisms living both under the soil and on the soil. First of all, some of the
nitrogen gas in the atmosphere fixes to the soil as nitrogen oxides through the
process of lightning. Furthermore, there are the nitrogen -fixing bacteria in the
soil and on the roots of the legumes. These bacteria convert N to the nitrogenous
compounds as the ammonia and the ammonium. Also, they convert the
ammonium and ammonia to the nit rate. The nitrogen compounds in the soil are
absorbed by the plants. Herbivores first eat these plants and then omnivores eat
the herbivores. In other words, the nitrogen element transforms to the organic
compounds in the structure of plants, animals and p eople. After the plants,
animals and people die, the organic nitrogen compounds in the wastes and the
bodies of them is separated to the inorganic compounds by the decomposers in
the soil. Lastly, these nitrogenous compounds in the soil either are used by plants
or returns to the atmosphere as nitrogen gas through the denitrifying bacteria in
U1 wuObPOb
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Inshort," EOI z UwUIT Ux OOUIT UprotkekskstabdEchnipbnents iofi nitrdg€hO w

cycle in Table 4.21 were consistent to the scientific explanations. On the other hand,

"EOIl ZUwUUEUI O OUUwPOWEOUT wil UwEUE RRrGiew p%bi U
sun as energy source andthe cyanobacteria in agquatic systems asa component of

the cycle. ( Ow UT 1 Ul wEOOUPEI UEUPOOUOwW"' EOI zUw UOET UL

labelled as partial.

SOWEOOEOUEIl OWPUWEEOWE]l wUEPEwWUT EOw' EOI zUw UL
biogeochemical cycles was partial considering her responses related to the

EOOx OOl OUUWEOEW xUOET UUT Uw Ol wUT 1T wEAEOI UBw (C
knowledge regarding her NOS understanding was documented.

K

Qu
Qu
=]
Qu
Qu
S
|'|'|;
(@)
N
c
S
N
Qy
O
(=
m
m
(o=
©
m»
S
*
(@}
(@]
T
(@)
T
—_

based on empirical, tentative, inferential, creative and imaginative, subjective , socio-

cultural nature of science as well as thedistinction between theory and law .

Empirical NOS: When asked the question of what the science is, Hale first
I Rx OEDPOI E wU lall autbefsysierfafid resdatdhucgrged out to understand the
universe and find out UOOUUDPOOU WU OwWUT T wx UOENS higd dafined Ox O1 wi
the science as &ind of knowledge gained through the scientific methods including
testable procedures. Therefore, it can be said that she accepted the idea that
scienctists use step by step procedures known asscientific method in answering
their questions. She acknowledged that scientific knowledge requires scientific
claims based on the evidences, that the experiments and observations are the
testable procedures to develop the scientific knowledge. On the other hand, she did
not recognize that non-experimental techniques can also be used to advance
scientific knowledge. In the light of her explanations, Hale had a lack of knowledge

on the empirical NOS (See table 4.2 for sample quotas).
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Table 4.22' E Ol z U w 2ater@entdf Enirical NOS

NOS view Sample Statements

Empirical 62EDPI OEl w DUw EOOw Of w Ulrrledu duta to (
understand the world and find solutions to the problems we
face in life. It [science] is a type of knowledge obtained through
U7 1T wOl UUEEOT wOl UT OEVUWUUET wEUW
602EDPI OEI evelt UramEderl disciplines by means of
including scientific claims based on the evidences.

0 Scientists make observations by using five senses tdind out

the answer the research question. They formulate a hypothesis
that explains the research question. Then, they should conduct a
controlled experiment in order to obtain evidences. Thus, they

can reach results by the data at the end of the experiment.
Therefore, to obtain a scientific knowledge, such a scientific
method DU wOIl 1 ET EO

Theory & Law: When Hale was requested to answer the question what the
differences between theory and law, she failed to understand that theories and laws
are different kinds of scientific knowledge. She hold the idea that theories are
named as laws when became universally accepted. She defined the theories as the
knowledge that needs to be proven, and thus she held the misconception that laws
are certain knowledge. She detailed her assertion with the example of the laws of
thermodynamics EOQE w- 1 b U 00z U w O EeréfaredOHerdsibasBsOr@icated
that she hold the misconception that there is a hierarchical view of the relationship
between theories and laws. When asked whether greenhouse effect is theory or law,
although she explained the greenhouse effect correctly, she failed to understand that
it is a theory (Ramanathan, 1988; Wilkins, 1993because of her misconception on the
explanatory function of theories. Thus, her excerpts showed that she failed to
understand the functions of theories and laws, as well (See table 4.23or sample

guotas).
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Table 4.23' E O BampleStatements of Theory & Law

NOS view Sample Statements

Theory&Law o6 ( wUOT POOwWUT | OUAWEOEWOEPUWEUI |
theories can be put forward, but these theories need to be
proven. If theories become universal and proven, they are called
laws. However laws are certain knowledge that describes the
natural phenomena by the mathematical connections [formula] .
%OUw I BEOx Ol w - 1 pfU&@ipn) uthed Bawd) vof
thermodynamics are absolute knowledge supported by the
OEUI | OEUPEEOuwI gUEUDPOOUS
631 T wTUlTOIOUUT wiiiTECwHPUwWEW
earth. It is defined as the event that the warming of the earth
through the rise of greenhouse gases such as methane, C¢) etc.
Recently, the scientists have collected data indicating that the
amount of the carbon dioxide in the atmosphere has been
increased. They [scientists] also get evidences such as the
melting of icebergs and the increased temperature of the earth.
Moreover, all scientists around the world have accepted the
existence of global warming. | think greenhouse effect is a law in
OT 1 woOBT T Uwdi wlOT T Ul wi BRxOEOEUDO!

Tentative NOS: When asked whether scientific knowledge can be changed Hale
indicated that scientific knowledge is subject to change in the light of new
technologies. She asserted thatifferent interpretations of previous knowledge can
advanced the scientific knowledge. She expanded her answers by giving examples
of the studies in the states of matter. When asked whether theories and laws can be
changed, on the other hand, she emphasized that the theories can be changed but
the laws are certain knowledge and cannot be changed. However, her explanations
related to the theory change were not associated with a tentative view of science.
Rather, she had a naive understanding that theories are steps to generate scientific
laws (Abd-El-Khalick, 2005). Thus, the results showed that her misconception
related to the functions of theories and laws caused her explanations on tentative

NOS to be inconsistent (See table 4.24or sample quotas).

155



Table 4.24Halez U w2 E @tertehtswo? Tentative NOS

NOS view Sample Statements

Tentative O(wWEI OP1 YT wUOT EQwUT T wol pwOI ET OC
interpretations of the knowledge can change the existing
knowledge. For example, in nowadays, the scientific knowledge
that there are three states of matter as solid, liquid and gas is not
valid. In recent years, scientists have concluded that matter has
four states adding its [matter] state of plasma. Besides, it is known
that the space has more plasma state of matter than one in earth.
02EDI OUPI PEwUIT T OUPI UwEEOuwE ingefof
laws is difficult. The evolution theory and the theory of relativity
will change by the exploration of new knowledge and new
technologies. | mean these theories will be disproved with new
interpretations. On the other hand, before the law of gravity has
not become a law, many theories had been put forward. Then, one
of these theories had been universal and named as the law of
gravity. The thing | want to say, is that the change of the law is
dUPUI WwEDIi i PEUOUG

Inferential NOS: When asked how scientists are certain about the appeararce of the

dinosaurs, Hale acknowledged that scientists make inferences. Sle did not say the

Ul U bersngez 7 w I R xbGtBstieBirplied that scientists make interpretations

based on the fossil evidences. She expanded her responses stating that the fossil

I YDEI OEl UwOi wEPOOUEUUUZ wUOI Ol UEOwI | TheswUEDIT OUDUUL
"EOI ZUwWUOGEI UUUEOGEDOT wb O wbsbdntfiticlaiht)aetbésad-on 2 wUIT | O1 EUI
empirical evidences. Therefore, it can be said that ' EOl z Uw UOET UUUEOEDPOT w

inferential NOS were affected by her view of empirical NOS. Thus, it can be said

that Hale had informed views on the aspect of inferential NOS (See table 4.25or

sample quotas).

Table4.25' E O BampleuSatements of Inferential NOS

NOS view Sample Statements

Inferential Even though scientists could not observe the dinosaurs, they have
investigated the fossil evidences. The fossils of dinosaurs are the
proof that these creatures had lived. Scientists can only conclude
about how they looked like based on their skeletal systems.
Besides, the structure of their teeth and jaws proved that they were
herbivore or carnivore. Furthermore, the existence of the fossils
belonged to the different creatures in the same area is evidence that
dinosaurs had died simultaneously.
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Creative and Imaginative NOS: Hale recognized that scientists need to be creative
EOCEwWDOET POEUDYI wi OUwWOiI T wEOOUPOUEUDOOWOI wll i
characteristics such as exploring and inquiring are the essential parts of their
imagination and creativity. On the other hand, she failed to understand that
UE DI OibhBgihdtithzand creativity have a crucial role in every part of their
scientific investigation. She asserted that the imagination and creativity is just
needed at the part of the planning or designing a research. Hence, her view of
creative and imaginative NOS was affected by her misconception that scientists use
step by step scientific method universally accepted. Thus, this misconception caused

her understanding on creative NOS to be partial (See sample quotas in Table 4.26

Table 4.26' E O BamplauSatements of Creative and Imaginative NOS

NOS view Sample Statements
Creative and 6 Scientistg wDOET POEUPOOWEOEWEUI EU-
Imaginative productivity. If these features [creativity and imagination] are

absent, science will repeats itself. We define the scientists as
explorers, and questioners. For me, all these characteristics are
UT T wxEUOUwWOI wUEPT OUPUUOUz wbOET
0 %O0UwOl OQWUEDIT O therlntagination abd)ateBtivity U
at the beginning of their research, such as preparing of a
research question or formulating of a hypothesis. In other parts

of their studies, scientists should follow the steps of scientific
01 U1 OEO

Subjective NOS: When asked how scientists reach different conclusions with the
same data, ske Ul i 1 UUT Ew OOw U1 1 w UUENT EUPYIl w-.2wi &
background knowledge, preconceptions and interests potentially played a role in
their interpretation of the data. She claimed that scientists drew varying inferences
EQEwUT UUOwUI EET T EwUI YI UEOQWEDI T 1 Ul ODWEOGOEOUL
I RUPOEUPOOWEUT wUOOwWUT 1 wWUUERNT EUPYPUawbOWUEDIT OF
interest of area affects how a researcler interprets the data by giving example on the
conflict in the causes of global warming. Therefore, Hale had informed views on

the aspect of subjective NOS(Table 4.27.
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Table 4.27' E Ol z U w 2ater@ent©df Bubjective NOS

NOS view Sample Statements

Subjective 602EPI OUPUUUWEEOwWDHLOUIT UxUI Uwthéirl
[scientists] perspectives, background knowledge and field of
study might affect their interpretations.

0 For instance, scientists have different views related to
EDOOUE UU Uop.w ThayUdaOHE diferent conclusions as
meteorite hit, continental drift, or volcanic eruptions. | mean
that while geologists interpret the cause of the extinction as
continental drift, astrophysicists can conclude as the meteor hit.
31 1 BUweg U BterésOod sudylnightdnéluBnce their claims.
In the same way, scientists conflict in the causes of global
warming. Some of them said that global warming is a natural
process but many of them believed that it [global warming] is a
result of human activiti 1 U 6

Socio-Cultural NOS: To be categorized as holding informed understanding of

socio-cultural NOS, participant should indicate an understanding that science is a

human endeavor and, as such, is influenced by the society and culture in which it is

practiced (Lederman et al., 2001)( Ow' EOl ZUWEEUI OwUT I wgEl OP1 YI EwUOT E
isolated from the society and culture. On the other hand, her example related to

Turkey reflected the informed view that science is influenced by religion, cultural

vaul UWEOEWUOUEEPUDPOOUSW3T UUOwW' EOI z Vawtw@ET UUUEOEDOI
NOS had deficits due to her contradictory expressions. Sample statements can be

seen in Table 428.

Table 4.28"' E O BampleuSatements of SocioCultural NOS

NOS view Sample Statements

SocioCultural (w071 POOwWUT EVwWUEDI OET wUT OUOE w
culture or values. However, in our country, science is related to
the religion, cultural values and traditions. In my lessons, | can
observe that student might influenced by their values or home
culture. They can answer the questions aligned with their
religious beliefs or traditional lifestyles. In my opinion science
should have a common language; it [science] should not be
influenced by the values of cultures.
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(OQwUTl OUUOwW" EOTl zUwWUI UxOOUI UwbOxOPIT EwUT EQwUT T t
-. 2w U0l Ol VUGB w 2x1 EPI PEEOCOaAaOW UT T wiT EEwOECYI w U
differences between theory and law and socio-cultural NOS. In fact, it can be said

that there were DOUT UEEUDOOUWEOOOT w' EOI zUw-. 2wYDI PUB L
asserted that scientific knowledge can be changed by the new interpretations, she
ITOEwUT T wOECY! whPEI EwUTI EQwUT T wETEOT T woOl woEP
knowledge. In here, the deficiencies in her understanding of the differences between

theories and laws affected her view of tentative NOS. Likewise, her misconception

that there is a scientific method universally accepted led her interpretations to be

inadequate in terms of creative - . 28 w. OQwUT T wOUT 1 Uwi EQEOwW' EOI 7z
scientific claims are based on empirical evidences helped her view of inferential

NOS become substantial. To conclude, Hale did not have sophisticated views of

NOS because e was not deeply informed in al| of the NOS tenets. Moreover, it

observed that she did not translate any aspects of NOS into her classroom practice

of biogeochemical cycles.

4213 EOIl zUw4 OEIl UUUEOGEDOT woOi w2UUUEDOEEOI w#l YI
Biogeochemical Cycles

( OwOUEIT U wU Gurdérstahdin@ of sugtdnalte development (SD) regarding
biogeochemical cycles, she was requested to answer what the causes, results and

solutions to the disruptions to the cycles. Besides, her teaching of biogeochemical

cycles was observed.Therefore, her responsesand practice were unveiled how Hale

linked the biogeochemical cycles to the issues of sustainable development.

Initially, Hale emphasized the human activities are main causes of the problems
related to the biogeochemical cycles. She touched upon the unconscious use of
natural resources by humans. Therefore, $e attributed the damage of the
environment to the population explosion by emphasizing environmental aspect of
SD. She especially had the idea that the balance of nature should be sustained

without damaging the environment .
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Researcher (R):What are the causes of the disruption in biogeochemical cycles?
Please explain.
Hale (H): The balance of the ecosystems is very important to the continuation of
life. We know that w hen humans interfere with nature, it often produces
disastrous consequences.When the balance of the cycles is destroyed, all living
Ul POTUWEUI wEITTEUI EwEaAawUI ]l wEOOUI @UI OEI U6 %OUwW
disruption of the cycles is human. Because of our activities,not only the water
resources, but also the air and the soil are polluted. One and other day, the
EOOUI gUI OET UwOl wOT 1 Ul wxO0O0OUUPOOUWPHDOOWDLOI OUI OEI
4213Bw EOI zUw* OOP Ol Etlons beiw@en CarboruCy&ed O |
and Sustainable Development
Concerning of the degradation in carbon cycle, Hale stated that the environmental
problems such as the extensive use of fossil fuels and deforestation caused to the
increase in emissions of CQ and greenhouse gases to the atmosphereShe tried to
connect the scarcity of energy resources and energy problem to the population
growth. Hale, in here, implied the issue of the unsustainable consumption of energy
sources. She attributed the damage of the balance of the environment to the
unsustainable lifestyles of human beings. She also referred the interdependence of
living thing by explaining the results of the deforestation. Therefore, shementioned
about the issues of three aspects of SD, namely; environment, energy and society by

mainly emphasizing the damaging the environment, scarcity of energy resources

and unsustainable consumption behavior .
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produced by one oak tree in a day satisfy the Oz need of seventy-two people. |
believe that the destruction of plants or forests threatens the lives of the other
living creatures that exist there. We, all living things, are dependent to each
OUT | Bdgedally in carbon cycle; we know that they [plants] are the single
organisms that remove the CO: from the air. If we destroy the vegetation and the
forests, the amount of the CQ:z in the air will increase. Additionally, we use too

much fossil fuel for satisfying the need of the energy in our homes, factories and
cars. If we continue to use the non-renewable energy sources extensively, the
balance of the carbon cycle will get worse from day to day. Carbon emission will
increase; as a result air pollution will increase.
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Hale especially drew attention to the increase in the amount of diseases in the
regions where the industrial activities is high . In other words, she attributed the
health problems to the atmospheric pollution and global warming originating from
the unsustainable industrial development . Therefore, she approacted to sustainable
development by the environmental social and economical aspects regarding that
unplanned industrial development affects both the environment and society. She
also imply to refer the environmental aspect of sustainable development by
mentioning the scientific environmental research.
H: 6 ( OwUl El OUwal EUUOwWUT T Ul wbPbUWEOwWI RUUT O1 wbOF
According to the researches carried out in our country, there is an increase in
lung diseases in and around Zonguldak (a city wher e there is the coal mining
industry in Turkey) where carbon dioxide gas is released too much. Furthermore,
scientists discuss about many unknown diseases that may be the result of the

insolation of the living species hidden in icebergs in water through the melting of
glaciers...

In addition, it can be seen that Hale tried to address the unsustainable modes of

production and consumption through the industrialization. She mentioned that the

unplanned industrialization causes to be destroyed the vegetation from land for

construction. She emphasizel UT EUWET YI OOx 01 OUwx OOPEDPI Uw UOw
living standards should sustain the balance of the nature. She, therefore linked the
environmental problems arising from unplanned development policies to the social

aspect of SD. Besides, she implied that the wealth of the society is based on the
transffering its resources to future generations. In here, she touched upon the SD

aspects of environment, energy, society, economy and politics by underlying the
environmental damage, energy need, unsustainable production and lifestyles, and

unplanned develop ment policies.

0 &Our forests are not our heritage. We have to transfer thesesources from the

10l UEUPOOUWEIT I OUl wUOUwUOUOwWIi UOUUT wi1i1 01 UEUDLO
s 21 a ET E U OtheDnealtudd its Bokksts is the indicator of the country's total

wealth. However, when we look at surroundings today, we destroy forests and

build residences. We build roads and factories. We demolish the detached houses

with gardens; we plan multi -storey apartments instead of each garden house. At

least 100 people start to live in the place where 10 people lived. This means more
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consumption, more energy demand, more carbon emissions and therefore more

xOO00UUPOOO
Hale, furthermore, emphasized the geopolitical issues in preserving the balance of
the cycle. She underlined the Kyoto protocol as an international treaty signed in
order to reduce the greenhouse gases emissions to the atmosphereln here, Hale
touched upon the need of sharing social responsibility for action. She especially
addressed the use of renewable energy sources to solve the environmental problems
related to the carbon emission. Therefore, she implied the issue of non-carbon
economy mentioning the investments in renewable energy sources needs to be
made in order to stop CO:2 emissions. In here, Hale addressed the environmental,
social, economic and political aspects of sustainabledevelopment issues. Besides, ,
she suggested that the use of renewable energy sources should be increased to be

able to find permanent solutions to the environmental problems.

' 0 0As we know, Kyoto is the only international contract signed to reduce the
onset of global warming. The purpose of this contract is to reduce the emissions
of greenhouse gases to the atmosphere. The US is the only country that has
signed but not ratified this protocol. In this country, which has the greatest
economic power, we know that carbon emissions are very high. As a country
with a population of 75 million, our carbon emissions are high, too. Increase in
carbon emissions is big threat in the global sense. If so, nations should not only
sign such protocols, but also implement them. In particular, | think that the exact
solution is to use renewable energy sources like wind and sun. | think it would
be more useful to use solar, wind or water energy instead of building a thermal
power plant. We can establish governmental policies by making investments in
renewable energy sources, by this way; our solutions can be permanent and long
Ul udo
Moreover, Hale explained that the increase in carbon emission causes to the
negative effects on Earth such as global warming and climate change. While she
was explaining the global warming, she referred also the greenhouse effect and
greenhouse gases. Furthermore, she emphasized the change in the weather events,
the sea level rise and the loss of ice mass as the results of climate changeshe

pointed out the global warming and climate change as the main results of the
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increase in carbon emissionsarising from the antropogenic activities. He, therefore,

touched upon that human activities should sustain the balance of nature.

H: & The increase in the amount of carbon dioxide in the atmosphere brings
many negative effects. Especially in recent years, what we call global warming
threatens our world. We know the Earth warms through the reflection of sun
rays from the surface of Earth. | mean that greenhouse gases hold these reflected
sun rays and Earth warms. However, with the increase in the amount of carbon
dioxide, greenhouses gases blocked the return of these rays to the atmosphere
EQEwWUT T w$EUUT zwUI Ox I Ivfad WeldenaeRédiobal viatmingt® Ow U b O
EUWEOwWPOEUI EUIl wbPbOwWSEUUT zUwUI Ox1 UEUUUI wEUOuU
balance of nature. It means that winters will be colder and summers will be
hotter. In other words, it means that droughts in summer and extreme rainfall in
the winter can occur. The glaciers that have existed for millions of years have
started to melt. Water levels are expected to increase in the coastal countries.
37T OUI wEUT wOT T wUPT OEOUwWOI WEOPOEUI wel EOT 1 0
LUDPI | GaowpkT | Ow' EOI p theuddusds xrésaits) hnd solutiord EoltheE w U
degradation of the carbon cycle were examined, it can be seen that she touched
upon the important environmental phenomena such as greenhouse effect, global
warming, climate change and atmospheric pollution. Additi onally, she connected
these phenomena with the all issues of sustainable development except the poverty.
During h er explanations of the connections between the carbon cycle and SDHale
also addressed five aspects of sustainable development including environment,

society, economy, politics and energy.

4.2.1.3.2! E OKrowledge on the Connections between Hydrological

Cycle and Sustainable Development

Hale generally touched upon the disruptions to the water cycle originating from the

water pollution. She connected the unplanned urbanization as a factor affecting the
water cycle. In here, shetouched upon the unplanned land use through the damage
of the environment to build roads and constructions. Tus, she implied that
industrial development should sustain the balance of the nature without damaging
the environment. Then, she underlined the health impacts such as skin and
intestinal diseases arising from the polluted water resources. She also referred the

interdependence of living thing by explaining the results of the water pollution .
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Therefore, she approached to sustainable development by the environmental and
social aspects regarding that damage of the environment affect the both social and
biological life.
H: 661 Owxl Ox Ol O uexoils@ndl wdiergbnts itoEhe Binks and do not even
think whether these wastes are contaminated to the water resources. The
chemical wastes of factories, also, pollute the surface and ground resources.
Therefore, the water pollution threatens the organisms living in waters. On the
other hand, we build the excellent bridges, roads, and residences but meanwhile
we ignore other living things, too. This unplanned urbanization also causes to the
decrease in the number of both the organisms living on/under the soil and the
T UOGUOEWPEUI UUwWOYIT UwUDOI 6
During her teaching of hydrological cycle, it can be seen that Hale, additionally,
mentioned the issue of scarcity of water. She addressed the use of norconventional
water resources to overcome the scarcity of potable water. In here, she drew
attenton to Ul 1 w UOEI UEI YI OOx] Ew EOUOUUDPI Uzw 1 EOOOODPE
dependences on foreign trade. In other words, she implied that to be able to have a
strong economy, governments should support the investments in technological

development. Therefore, it can be saidthat Hale referred the SD aspects of politics,

economy and technology.

H: Waste water treatment in order to produce drinking water is not common in
our country. However, in a few countries, treated water is consumed. In other
words, waste or salt water is processed and transformed into potable water.
Especially in Israel, there is a great system that transforms the ocean water into
drinking water. However, there are no economic and technological
developments in our country to establish such a system. Unfortunately, our
technological development is dependent on foreign countries as a developing
EOUOUUaG
In the same way, Hale complained about the absence of the policies in order to
protect water resources in Turkey. In here, she, again, mentioned the issue of
dependence of foreign trade. She underlined the issue of water conflict by stating
that the precautions need to be taken for the water scarcity. Again, she approached
to sustainable development from the aspect of environment by emphasizing the

environmental research to increase the awareness of the societyShe referred that
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responsibility should be shared in order to ove rcome the global water conflict by
implying that world peace is necessary for the development of future generations.

Therefore, she linked the SD aspects of environment, society, economy and politics.

H: When we look at our country, we have a lot of underground resources. It is
possible to use these waters by artesian wells. Turkey is also a peninsula
surrounded by sea on three sides. Then Turkey should not be a country where
there is a problem of scarcity of water. However, there is a shortage of water in
Turkey in recent years. If so there is a serious problem with our water policy.
Twenty years ago, in his report, an American scientist underlined that if Turkey
does not get control the water resources, water $iortage will be happened in 40-
50 years. Twenty years passed, and he's right. We are not able to use our
underground resources because their usage is under control of foreign countries.
As a country, if we cannot control water resources, which are our most important
natural resource, we cannot develop. In many countries, the future has signaled
the scarcity of water. Turkey is one of these countries. As long as environmental
problems continue, there will be a water conflict in 25 years. Moreover, it is said
Ul EQwUTl PUEWPOUOEWPEUWPPOOWET WEUT wOOwWUT T whEC
the degradation of the water cycle were examined, it can be seen that she touched
upon the important environmental problem of water pollution. She also underlined
the issues of the potable water scarcity, heath impacts through water pollution,
trans-border water conflict and non -conventional water resources. On the other
hand, she did not refer the phenomena such as sd and water salinization through
salt water intrusion, desertification and glaciation. Therefore, regarding

hydrological cycle, ' E O lurdéistanding of SD mainly focused on the aspects of
environment, society, politics, technology and economy emphasizing that finding
permanent solutions to environmental damage, unplanned development policies
based on foreign trade, development technologies and shared responsibility for

future generations.
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4.2.1.33." E O Krowledge on the Connections between Nitrogen Cycle

and Sustainable Development

Considering the degradation of the nitrogen cycle, Hale addressed the negative
effects of extensive use of fertilizer in agricultural activities. She emphasized that
unsustainable lifestyles of human beings threaten the many species in water and
soil. Therefore, she underlined the environmental and social aspects of SD.
Moreover, she suggested the alternative agriculture methods in order to cope with
the pesticides in her teaching. After that, she connected to health problems to the
pollution in water and soil due to the arising from the absence of good agriculture
practices. Thus, she linked the social, environmental and economical aspects of SD
by underlying that the sustainable production and consumption is necessary for the

finding permanent solutions to environmental damage.

H: The degradation of the nitrogen cycle affects the all living things directly
because all living things consume the nitrogen through nutrition. We know that
in recent years, farmers have used more chemical fertilizers in the agricultural
lands. The arganisms living in water and soil are under threat due to excessive
use of pesticides. Furthermore, the percolation of the chemicals to the soil and
ground waters causes the excessive nitrogen in the soil. As a result, the soil will
be infertile. Furthermore, the food produced by plants will be unhealthy due to
U1 wgéT 1 OPEEOUS W UwUOOOOWI T EOUT wxUOBEOI OUwbPDOOWE L
0 ( OWOOEwWUDOI U O uriit Eréed dnlihe side OfENBilfieléls or gardens.
The birds that came to eat fruits also eliminated the pesticides without damaging
the crops. This is a very simple agricultural method. People have practiced this
method for centuries. Thus, they didn't cause to mix any chemicals into our soil
or our water resources. However, with the methods used in agriculture practices
in recent years, the soil and water has been heavily contaminated. We eat the
potatoes in the polluted soil and consume the fish in polluted lake. The foods we
consume threaten our health [Classroom Observation].

Moreover, Hale mentioned the acids rains as an environmental damage originating
from the industrial development. She also attributed the water pollution to the acid

rains and again emphasized the increase inhealth problems in society.

H:6 The gases exiting through nuclear explosions or industrial activities combine
with water vapor in the atmosphere, causing an environmental problem called
acid rain. Therefore, these dangerous precipitation causes water sources to
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become contaminated. Many studies conclude that there is an increase in skin
diseases, stomach and intestinal diseases in places where the excessive water
xOOOUUPOOWPUWOEEUUUI Eb6
Regarding the issue of food safety from the social aspect of SO Hale complained
about the insufficient agricultural development policies. She addressed the decrease
in the agricultural production a nd as a result, the increasein dependence on
imported seeds due to insufficient investments in agricultural industry. Sh e, thus,
addressed the political, economic and social aspects of sustainable development.
H:3UUOI azUwUI 1 EwPEUI T OUUI UwEUI wi OxUawEI EEUU
Most of our seeds are now imported from foreign countries. Being a country with
an endemic species as much as Europe, it is veryscary to be dependent on
foreign countries. In our country, both scientific studies and investments are
insufficient. | don't know the consequences the use of these imported seeds on

the lands. Financial support for farming is lacking and thus, domestic
production decreases. There should not be such agricultural policy.

To sum up, it can be seen that Hale touched upon the important environmental

problems of acid rains and soil pollution as the results of the degradation of the

nitrogen cycle. She also uncerlined the health impacts through water and soil

pollution, alternative agricultural methods, food safety and the use of fertilizers as

the issues of sustainable development related to the nitrogen cycle. On the other

hand, she did not refer the phenomena of eutrophication and greenhouse effect of

nitrogenous gases in the cycle. Besides, she did not mention the issue of sewage

UUI EUOI OUB8ww ( OwUT EUw E edpécialy endrénmentalu dodnE | UUUE O
economical and political issues regarding the connections between nitrogen cycle

and sustainable development issues.

Finally, while mentioning the solutions, Hale especially focused on the SD aspect
of education, society and economy. She gave example of SAP tcstress the social and
economical aspects of SD by underlying the social equity and creating job
opportunities. She also emphasized that developments in education could create
more livable world for the future generations with the help of educated and awared

society.
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H: There's a balance in nature. This balance betweerhuman and nature should
be preserved in a way that can meet our energy needs without damaging the
natural resources. For example, a project called GAP was made in the 90s in our
country. That region was chosen because women, children and farmers living
there were disadvantaged groups. The aim was to ensure the same level of social,
cultural and economic equity of these citizens suchthe ones living in other
regions by both increasing the job opportunities and improving education in the
region. It was a great project. Such projects should be increasedif we want to
catching up with the developed countries . Especially, education is an important
issue for our future generations. All citizens in our society shoul d be educated in
terms of using natural resources in balanced way. Environmental awareness is a
key issue to create greener society. If you can develop environmental awareness,
you can fullfil the responsibilities to make our world more livable for our
chiOEUI 06
the depletion in biogeochemical cycles examined, it can be seen thatshe mostly
underlined the issues and aspects of SD in the carbon cycle Moreover, ,it can be
said that although she can not connect the nitrogen and hydrological cycles to the
related sustainable development issues she mainly mentioned environmental,
social, economical and political aspects of SD issues related to these cycles
Additionally, Hale intensively approached to the phenomena and issues of
sustainable development from the environmental , social and economical aspecs
whereas she addressed the aspects of education and technology rarely. To sum up,

' E Olcapdéptions of SD regarding biogeochemical cycles can be seen in Figure 4.

11
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422 Halez Uw/ 1 EET O1 PEEOw" OOUI OUw* 6O6POI ET 1

4221.Halez Uw. UPI OUEUDPOOwWUOwW2EDP]I OEIl w31 EET pOI

In this section, Halez UW ET OPI Il UWEEOUUwWT OEOUw &iwer EDI OET wUI E
presented based on the analyses of Br responses to the cardsorting scenarios and

the interviews related to the goals of science teaching and classroom observations.

Hale stated that her beliefs about central purposes for science teaching were

ET Ul UOPOI EwEAwWUT T wUOOT EOQwEUwWs sUEDPI OETl wbUwUT 1T woOD]
goal of science teaching was to prepare learners to life. Moreover, she pointed out

that scienceteaching helps learners to find solutions to their problems faced with in

daily life. Her responses also included that science teaching is also necessary to

develop environmental awareness (See Table 4.29 for sample quotas).

Table 429 ' E OlSamples Staements Related to Beliefs About Central Goals for
Science Teaching

Central Goals Sample Statements

To prepare learners to life My basic goal of science teaching is to prepare
my students to the life. We have a slogan that
science is life itself. In this way, science teaching
is an important for the students to get in touch
PODUT WEEDOawODIi | &

To help learners to find solutions 02EDI OEl wUOI EET POT WwEOUO

the problems in daily life students find solutions to the problems they face
with in their daily lives. Life is a combination of
physics, chemistry and biology. We want
students to gain basic understanding of science
concepts such the physical and chemical changes,
the structure of living things. That is to say,
science education is necessary to obtain basic
O0OPOI ETIT wUI OEUT EwUOwWUI

To help learners to develop 6(Ow EUw Ew T UOEOOwW xEa

environmental awareness environmental protection. | also try to help my
students to establish a relationship between
human and environment. The environmental
knowledge that they have gained in science
lessons also helps them to achieve this goal.
When this knowledge is not enough, | make
effort to develop their environmental
EPEUI Ol UUOG
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When it comes to her peripheral goals for science teaching, Hale pointed out that
she also considered the national curriculum and the examination system in Turkey.
Therefore, she touched upon that she has to transmit the scientific concepts required
by the curriculum. Hereby, she emphasized that one of her goals of teaching science
is to prepare her students to the TEOG [High School Entrance Exam] (currently
known as LGS) examination. In addition, she expressed that science teaching also
prepares the students to high school courses such as physics, chemistry and biology.

(Sample quotas can be seen in Table 4.30

"EOIl ZUWEI OPI T UWEEOUUwWUT T wEI OUUEOQWEOGE W X1 Ubx]
overlapped with the orientations that she chose as parallel to her science teaching.

Hale expressed that the scenarios related toactivity driven, discovery, conceptual

change, guided inquiry, project-based, inquiry, process and curriculum goals

corresponded to her scienceteaching.

Table 4.30 Halez Uam@@e Statements Related to Beliefs about Peripheral Goals for
Science Teaching

Peripheral Goals Sample Statements

To help students to comprehend For me, the important thing is that students

the knowledge required by should comprehend the science concepts and
curriculum relate them to the daily life. The Ministry of

National Education also requires us to transmit
basic science concepts to the students through
science and technology cuUD E U OU QO wé

To prepare learners to highschool 661 w Ul OUOEwW EEOOOPOI ET
exam exam in our country in order to be enrolled to a
gualified science or Anatolian high school.
Because of this situation, | try to prepare my
students to this exam solving different
guestions in my lessons. However, my primary
goal is to prepare them to the life not the high

UET 00006
To prepare learners to high school  As you know, science education is divided into
courses the branches as physics, chemistry and biology

at high school. Therefore, science education at
elementary level also includes the basis
knowledge necessary to understand more
complex and abstract knowledge in high school

EOUUUI U6
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When she was asked why she selected those scenarios, Hale stated that baase the

scenarios shared a common characteristic of being studenicentered. She

emphasized that she gave importance to the active participation of the students in

her science courses. Hale cited that she generally tried to prefer the alternative

teaching and assessment techniques apart from the traditional ones. She, therefore,

pointed out her preferred scenarios were generally accordance with her science

teachingat8'1 UEET UG ww' EOI ZUWUEOXx Ol wgUOUEUwUI OEUI EwUOuw!
Table 4.3L.

Researcher (R). In your opinion, what are the common characteristics of these
scenarios?

HOAUT wEOEwW WUT wiT UEE]I wUUUET OUUzwl OUOOOEOQwW UaUuuUI
puberty. Students have also an anxiety for the TEOG exam. Therefore, it's hard to
T 1 UwU U &tteniticd. Bt gvhen | present a topic in different ways, | can see that
many students understand it better. | chose these cards because they include
alternative learning and teaching methods apart from traditional teaching and
learning methods. Additionall vy, the strategies are generally studentcentered in
these cards. They [scenarios] include many different strategies referring different
intelligence groups. For example, in one of them, students can interpret the
statistical data. Here, it is related to the logical mathematical intelligence. Again,
one of them includes the interviewing process. Students good at language skills
can prepare interview questions easily. Thus, students have an active role in the
teaching and learning process. In the same way, inmy lessons, | generally try to
use different activities such in these scenarios. | want my students to be active in
U1 wEOGEUUUOBOOOG
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Hale pointed out that she could not utilize the remaining scenarios, including

didactic, discovery, liberation and reality of educational system due to their teacher -

centered nature. She explained that she avoided carrying out these methods because

either teacher is at the center of the learning environment or the students are

completely alone in these scenarios Hale emphasized that she regarded the active

participation of the students in her lessons so she did not choose the above

Ol OUPOOI EwUET OEUDPOUG w' EOI z Uwnhhiod cadlbe se@t)i® UE Uw U I
Table 4.32

R: What are the common characteristics of the scenariosthat you do not prefer to

use?

H: | do not carry out these scenarios becauseeither the teacher is at the center of

the learning environment or the student is alone. I'm interested in a student -
centered learning environment and group work without much intervention.
However many colleagues perceive student-centered education differently. In

their science lessons, they separated all units to the students, and students try to
present the topics. The teacher does nothing This is not student-centered. | don't
think they know what student -E1 OU1 Ul Ewl EUEEUDPOOwWOI EOUG

Observation data revealed that Hale used project-based learning to help her

students comprehend the biogeochemical cycles, as well. As she stated, she also

used direct instruction being varied by different daily -life examples, figures, and
questionstol EEDOPUEUI wUUUET OUUz wUOBEIT .HerGdadip O1T w oI u
was generally EEUT Ew OOw UT 1T w UUUET OUUzw xUONT EQw xUIT |
Therefore, it can be said that as far as possible, her teaching was line with her

orientations.
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In the Science Qrriculum (2005), there was only one objective specific to the topic
of biogeochemical cycles, which is students are able to explain biogeochemical cycles
parallel to the energy flow in the food chéMoNE, 2005, p.354). The acquisition of this
objective is closely related to the understanding of the previous topic which is
energy flow in the food chain. Hence, the objectives of previous topic should be

considered as a reminder to teach the topic of biogeochemicalcycles.

Hale also emphasized that the aim of the teaching biogeochemical cycles was to
explain the concepts with their connections with the topics of energy flow in the
food chain. Hereby, she expressed that student could easily understand the
connections between biogeochemical cycles and biotic/abiotic environment. While
Hale was teaching the biogeochemical cycles, it was observed that when needed,
she checked whether the students gained the objectives related to the nutrition and
energy flow in the food chain recalling their prior knowledge. When Hale was
asked the aim of teaching the topic of biogeochemical cycles, shestated that she

mainly expected her students to gain the objective required by the curriculum.

Researcher (R):What is your aim of teaching the topic of biogeochemical cycles?

Hale (H): %PDUUUwW Oi wEOOOWUUUEI OUUzZwEOOxUIT1 OUDPOO
important for the teaching of matter cycles. For this reason, | expect that the

students had gained the objectives of photosynthesis, respiration, energy flow

and energy pyramid. They should know the connections between biotic and

abiotic components of the ecosystems so | always begin to teach matter cycles by

repeating these topics. We then define the concept of cycle and the importanceof

the cycles of carbon, oxygen, water, nitrogen, and the problems that may occur as

a result of the deterioration of the cycles. In general, | follow the curriculum and

help my students gaiO wUT I WEUUUPEUOU @indrEiéw]l. EUDYIT Uo " O1

Hale also pointed out that she expected her students to gain some affective
domains, indicated in Table 4.33,, in addition to the curriculum objectives. She cited
Ul EQwUT T wlT EYTl wbOxOUUEOETI wUOwWET YI OOxwUUUET O
especially environmental topics. Therefore, she stated that students should
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comprehend the importance of the balanced use of the natural resources. Hale
added she helped learners to raise awareness for environmental problems caused by

the deterioration of the biogeochemical cycles.

H:6 | usually expect the students to develop some attitudes and raise
environmental awareness in such environmental topics. For example, the
students should be aware of the balanced use of these matters in nature. Rather
than consume the existing one, they should be aware of what needs to be done to
preserve the amounts of them. | think they [students] should be aware of what
may happen as a result of the deterioration of the cycles. | mean that Earth is
bordered but there is no limit in the sky. If a fire or a dis aster happened in our
country, they [students] must be aware of the consequences in other countries.
They have just known the effects of the explosions in Chernobyl and Fukujima.
Therefore, | hope that in the future, they will transform their environmental
awarl O UUwUOwUT I DU ekterdedh wODYI Uoweg" O1

Table 4.33' E O Interided Objectives Related to Topic of Biogeochemical Cycles

Intended Objectives

To comprehend the importance of the balanced use of natural resources

To recognize what needs to bedone for the continuation of the biogeochemical
cycles

To raise awareness for environmental problems caused by human based
deterioration of the biogeochemical cycles.

In line with ' E O1 z Uintérvi@@w, lobservation data (the teaching of cycles) pointed

out that she tried to attract her UU U E T O U Uz w E Urbpbrént® ¢ GeurldtGrah 0T 1 w
resources and the results of human effects on biogeochemical cyclesFor instance,

during her course on the carbon cycle, she emphasized the deforestation and

excessiveuse of fossil fuels as a human based cause of deterioration of the cycle.

0 ANe have destroyed the green plants that will take the carbon dioxide gas in
the air. Researches show that over the last thirty years, one fifth of the trees on
the earth have been destroyed. Reducing so much of the plants, of course, means
that the atmospheric proportions of carbon dioxide will increase. Unfortunately,
we are consciously destroying forests to build roads. Which else human activity
can damage the carbon cycle of? Do you have opinion?

Student (Std): The smokes releasing from factory and houses chimneys.

H: Yes, absolutely. In our lives, we use fossil fuels in many places such as
factories, homes, wherever energy is needed. If you consider the amount of fossil
fuels used by the world's population, you can understand how the excessive
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carbon dioxide gas sent to the atmosphere causes global warming. [Classroom
Observation].

Furthermore, Hale was aware of both vertical and horizontal relations to the topic of
biogeochemical cycles in the science and technology curriculum. Regarding the

horizontal relations, she pointed out that she considered whether the students
comprehended the previous topics of photosynthesis, respiration and energy flow

in food chain before the teaching of biogeochemical cycles. She emphasized that

these topics were prerequisD Ul w OOOPOI ET T wEI T 1T EUPOT wUUUET €
biogeochemical cycles. 6 T 1 O w 's Ee&hirg of cycles was examined,it was also

observed that she often recalled the previous topics during her teaching of

biogeochemical cycles.

When the vertical relations were taken in consideration, Hale emphasized that the
biogeochemical cycles arealso closely related to the topics in the science curriculum

at the grades of5,6 and 7.2 1 | wWUUEUI EwUOT EQwUUUET OUUzftux UPOU U
the weather events (the formation of cloud and hail) in the 5% grade, the topic of

physical and chemical changes in the 6 grade, and lastly, the topics of the

properties of elements and compounds, the chemical bonds and basic huilding

blocks of living things in the 7t grade are important for their comprehension of
biogeochemical cycles. In her teaching of biogeochemical cycles, it was observed

that Hale often touched briefly on the required topics related to the each cycle. For

example, at the beginning of her teaching of carbon and nitrogen cycles, she started

to remind her students the properties of carbon and nitrogen elements and the role

of these elements in the structure of living things (building blocks of living things).

In the same way, inthe Ul EET DOT wOi whPEUI UWEAEOI OwUT T wUI |
knowledge related to the formation of cloud, hail and the changes of matter states-

physical change.

When asked the presentation sequence of the cycles in the curriculum, Hale was
aware of the place of the topic and the sequence of the subtopics. Hale stated that

the curriculum presented the cycles respectively water cycle, carboroxygen cycle
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and nitrogen cycle. She expressed that she also presented the cycles with

accordance with the curriculum. In her teaching of the cycles, it could be seen that

she did not change the sequence of the subtopics, too. However, she also pointed

outthat UT T WEEOwWUOOI UPOI UWET EOT T wUOT T wxOEETI woOl wUOT T w!
prior knowledge. In other words, Hale ex pressed that she can modify the
EUUUPEUOUOWPOWOUET UwUOwWI EUT wi 1 UwUUUET OUUZz wUBET UL
4.2.222Halez Uw* OOPOI ET 1T woOi w, EUI UPEOU

In terms of resources used,Hale explained that she hasactively used the textbook
and student exercise bookto teach the biogeochemical cycles.She underlined that
she generally used the textbook to follow the curriculum. Besides, Hale pointed out
that she preferred the student exercise book and her activity sheets to evaluate the
UUUET OU0Uz wUOBEIT topicUShEdmphadizad@tatustielpriepared the activity
sheets through the results of her communication with her colleagues in social
media. Moreover, she also pointed out that she reaped the benefit of the
presentations and animations during the teaching of biogeochemical cycles. In here,
she stated that she used the internet both to show the animations and to obtain

updated information related to the cycles (Table 4.39.

Table 4.34' E O Aig bfsing Teaching Sources

Sources that teacher use Aim of using in teaching

Textbook To follow the curriculum

Presentations/Animations To teach the water, carbortoxygen and
nitrogen cycles.

Student Exercise Book 30wl YEOUEUI wUT T wUUUEI
the biogeochemical cycles

Activity sheets To evaluate UT T wUUUET OUUz wU:
the biogeochemical cycles

Internet To show the animations & To update the
information related to the topic of cycles

Summary Sheets To repeat the topic of biogeochemical cycles
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During the classroom practice, it was observed that Hale actively used presentations

with animations to transmit the concepts and processes of the biogeochemical

cycles. At the end of the teaching of cycles, she expected her students make the
activities in student exercise book and in her own activity sheet. Lastly, she

distributed a summary sheet of each cycle in order to both repeat the topic and

EVUUEET wOOwUT 1 wUUUET OUUz wOOUI EOOOUB w

| 81 8t dw' EOIl zUw* OOPOT ET1 wOl w( OUUUUEUDPOOEOW?2

Qu

K

In this section, the knowledge of instructional strategies of participant teachers was
reported in two categories namely, knowledge of subject specific strategies and

knowledge of topic specific strategies.
4223.1.Halez Uw* OOPOI ET 1T woOil w2UENI EQw2x]1 EPI PEwW2UUEC

Hale stated that she prefer to use project/problem-based learning in the teaching of
biogeochemical cycles. She explained that she expected her students to investigate

the causes, results and solutions to the deterioration of the cycles and discuss the

results in the classroom. Then, she pointed out that she mostly used direct

instruction and questioning method U OWE OO x O1 Ul wUIT T wUUUSheé OUUz wC
pointed out that she often let her students to answer questions and share their ideas

about the topic.

Researcher (R): How do you teach the topic of biogeochemical cycles? Which
instructional strategies do you use in general?

Hale (H): | said that | teach the topics parallel to the curriculum. While | teach the
biogeochemical cycles, | often use questionirg method to transmit the concepts of
the topic. In the same way, | ask several questions in order to remind their
knowledge related to the previous topic. | usually benefit from the figures and
animations in order to explain the processes of the cycles. lalso give examples
from their daily lives. | show photos from Hiroshima, Nagasaki and Chernobyl

x UOEOI OUS6! 1 UPET UOwWPOwWUT T Ul wOUOxPEUOwWUIT T wUOU
present their products in the classroom. During their presentations, they can use
visual materials such as videos and animations, too. [CoRe Interview].
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Observation data revealed Hale generally used the direct instruction and

questioning to explain the important points related to the biogeochemical cycles as
well. Moreover, she gave her students chance to both present their studies related to
the problems and solutions to the biogeochemical cycles and discuss the results with

their peers.

As she stated, she alsomostly preferred the questioning method in order to either
remind her students the previous knowledge or understand what they learn about
the topic. For instance; during the teaching of carbon cycle, Hale used questions to
monitor what her students know a bout fossil fuels and the sources of carbon in

nature.

H:+1 Uz UWEOOUDPOUI wbpbUT wUI 1 wEEUEOOWEAEOI 6 wsOUwOOO
in the atmosphere. This amount of carbon is important for us. The increase in the

amount of the carbon is a problematic, and unfortunately in recent years we

know this value has increased. Except the atmosphere, where is the carbon

stored in nature?

Std: There is in fossil fuels.

H: Yes. What does fossil fuel mean?

Std: Inthe oxygen-l UT 1T wi OYDPUOOOI OUOwWUT 1T wETI UUPUUUwWOT wlT 1T w
H: With oxygen or oxygen -free?

Std: Oxygen-free, yes. The detritus of plants and animals constitute the fossil

fuels such as wood, coal and natural gas under the soil.

H: Yes, absoutely. Fossil fuels are the detritus of the dead plants, animals and

human bodies that contain carbon and they [fossil fuels] are formed as a result of

a long period of time without oxygen under the soil. What else?

Std: In the structure of plants and huma n.

H: Yes. C, H, O and N are found in the structure of living things... And alsoin the

oceans, the carbon compounds are found as dissolved carbon compounds.

[Classroom Observation].

(OWEOOEOUUDOOOWPT 1 Ow' EOIl ZzUwUI EET POT witdi webOdi 1 OE
could be seen thatdirect instruction and questioning dominated her courses on the
topic of biogeochemical cycles. Although the main characteristic of her teaching was
its teacher-centeredness,she also preferred the projectbased learning as a studert-

centered strategyin order to make her students to be active.
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4.22.3.21Halez Uw* OOPOI ET 1T woOi wil xUl Ul OUEUDPOOU

Results showed that Hale used the representations like presentations, illustrations,
animations, and examples in order to aid students in developing the comprehension

of the topic of biogeochemical cycles. She actively used the presentations to help the
students to comprehend the cycles. When necessary, she expressed the processes of
each cycle through the different visuals in the presentations. For example, she used
the schemas(Figure 4.12) in order to both explain the concepts of hydrological cycle
and summarize the cycle at the end of her lesson. Moreover, she showed an

animation to explain the process of transpiration in the plants (Figure 4.13).

While teaching of carbon cycle, Hale also used aschema (Figure 4.14 in order to aid
I T UwUUUEIT 60Uz .uBésidds] sidstbied Bvid Gahimations (Figure 4.15
the connections between producers, composers and decomposers in these cycles
Besides, during her teaching the nitrogen cycle, she noticed that her students had
difficulties on the processes of nitrification, nitrogen assimilation and
decomposition. Therefore, she used different visuals and animations to explain the
processes of the cycle. She showed the schemas in order to explain the components
and processes of the cycle(Figure 4.16. Then she used the animations to both
emphasize the relations between biotic and abiotic components and summarize the

processes of the nitrogen cycle(Figure 4.17).
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Figure 4.13 The Animation Hale Used to Show the Transpiration

Figure 4.14 The Schema Hale Used to Teach the Carbon ¢cle
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Moreover, Hale gave various daily life examples t o support the comprehension of
her students. For example, in her teaching of hydrologic cycle, Hale gave an
example from her experiencesto emphasize the deterioration of the water cycle as a

result of human-based activities.

H: In the water cycle, we wonder about the decrease in the amount of usable
water. If so what is the cause of this problem in the water cycle? As your friend
just said, the poisonous gases, entering the atmosphere, caused trouble in the
structure of the rains falling on the earth. The rains fall down to earth as acid
rains. There's something | remember from my grandmother: in old times, there
had been five-pound oil cans. After these cans had been empty, my
TUEOQEOOUT 1T UzUwOOUT I Uwli EE w x tehwaterd Haddheedd Ow U1 1 w
falling on those cans. They had used the rainwater to wash vegetables and fruits
or to bathe. Now it is not possible to do such a process with rain water.
Particularly, after the nuclear explosions or volcanic eruptions experts warn us to
avoid exposure to the first rain as much as possible. Why? Because they contain
acids, and are dangerous for the living things [Classroom Observation].

Hale also used a simple example of a hundred glasses of water to attract her

UUUEIT 60Uz wie@tdurd &f Bsébfe watdd tasources on Earth.

H: As you know, there are many sources of water such as oceans, seas,
groundwater, rivers, and lakes. The amount of these resources is expressed in
units of million cubic meters. It's hard to keep them in mind, of course. A
scientist has made an analogy that every individual can understand. He likened
the total amount of water resources on earth to a hundred glasses of water. The
ninety -seven glasses of the hundred glasses are composed of salty waters suchs
ocean and seas. Three glasses of water left behind. He says two glasses of these
three glasses of water are hidden in icebergs. It remained one glass of water. One
glass of water also creates fresh water resources such as ground waters, lakes and
rivers. An average of 7.5 billion people will consume this water. Imagine, if a
drop is disappeared, what happens as a result of this decrease? Today, we see
that more than a drop has disappeared from the water resources. The lakes are
dried and the rivers are shrinked. Then why is the amount of water decreased?.
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4223.21Halez Uw* OOPOI ET1T wOi w EUPYDUDI U

Hale stated that she conducted the activities found in the textbook and student
exercise book. As she cited, she included the activities regarding the topic of
biogeochemical cycles in her lessons. Although she generally preferred a wide range
of representations, she alsoused the puzzle solving and concept map completion
activities in order to understand whether her students comprehend the topic of the
cycles. In this cross puzzle activity, students are required to ask the appropriate
questions for the ead concept (hydrological cycle, cloud, oxygen, decomposer,

nitrogen, lightn ing) shown numbers. (Figure 4.18).

Azafidzhn bulmacada cevaplar verilen kelimelerim sorularm bularak nokfal yerlere yazinez.
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Figure 4.18 The Puzzle Activity ' E OUsedlthw UUT UUw2OUETI OUUz w+1 EUOD
(In Turkish)
In addition, Hale asked her students to complete the concept maps with the given
concepts regarding the unit of living things and energy relations. After students
complete the concept map, she showed the completed concept map(Figure 4.19 as

a visual on the board through the projector. In this map, students are required to fill
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the empty boxes with the appropriate concepts such as living things, decomposer,

composer and respiration.

Kavram haritasindak bosluklan agagida venlen uygun kavramlar kullznarak doldurumez.

ayrishirio, oksijenli, mnlitar, tuketid, cksijensiz, solunum, madde dongusu

Figure 4.19. The Concept Map Completion Activity ' E O Usedltbw UUT UUw2 OUUET O
Learning (In Turkish)

4.22.4Halez Uw* OOPOI ET 1 wOi w2UUETI OUUz wa OET UUUEOBEDPOI
3T PUWEOOxOOI OUwOl w/ "*wi OEVUUI Uw OOwUT 1T wlOl EEIT
students develop specific scientific knowledge. There are two subcomponents:

Ul gUPUI O O0Uwi OUwWOIl EUODPOT WEOEWEUI EVwOI wEDI I E

Of wOl EUOI UUzw UOET UUUEOQGEDPOT wUITEUEDPOT wUOTT wdU
presented.
4281 6 K86 w EOIl zUw* OOPOT ETT woOi wil gUBUI O1 OUUwI ¢

Hale was aware of the pre-requisite knowledge needed by students to learn the
topic of biogeochemical cycles. She initially underlined that students need to know
the structure of the carbon, hydrogen, oxygen, and nitrogen elements, the
compounds they formed, the amount of these elements in the atmosphere. Then she
pointed out that the organic structure of the living things is the other pre -requisite

knowledge that students need to learn.
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Researcher (R):What prerequisite knowledge do students have to learn the topic
of biogeochemical cycles?

H: They must know the structures of carbon, oxygen, hydrogen and nitrogen.
What are the structure of carbon, oxygen, hydrogen and nitrogen? What kind of
compounds do these matters form? Where are they stored in nature? They
[students] have already learned these concepts in 7th grade and previous units of
this year. Therefore, they are able to connect these topics to the biogeochemical
cycles. Another point is that students need to know the roles of these substances
in the structure of living things. Besides, students also should know the amount
of these matters in the atmosphere. By this way, they can easily comprehend the
consequences of the e@terioration of the ca E O1 U daurgervidwv].

After that, she emphasized UT EOwUUUET OUUz wEOOxUIT1 OUDPOOWOI wUl
flow in the food chain, and the processes of the photosynthesis and respiration is
EOUOwWwDOxOUUEOUwWI OUwWUUUET OUUzZwUOET UUUEOGEDOT woil w!
regard, she expected her students to kow the relations between biotic and abiotic

components of the ecosystems.

H: I give information to the children about energy transformations. | say that the
source of our energy is the sun. Starting from the green plants that can use the
energy of the sun directly, they know how this energy can flow among the
plants, animals, and people. What do producers and consumers mean? What is
the relationship between producers and consumers? | expect them to know these
topics. They also need to know about the nutrition of living things because |
expect them to know that energy can be transformed by food chains and webs
among living things. They have already known the importance of green plants.
Other than that, we talks about blue-green algae and cyanobacteria as a
producer. If they know these relationships between biotic and abiotic
components in nature, they can understand the importance of the ecological
EEOEQOEI wUl E0OwUT T awi OUOWEOGCEwWUT EV0wWUTT awodi T EwUOw
knowledge on these issues make their comprehension of matter cycles topic
easier.[CoRe Interview].

As she mentioned, Hale often used the preUl gUBDUDUTI wOOOP Ol ET 1 wOOWEDPE wl
learning of the new topic of biogeochemical cycles in her teaching. For instance,
before the teaching of the topic of nitrogen cycle; she wanted her students to remind

the topic of the organic building blocks of the living things. She expected her
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students to remember the role of nitrogen in the structure of living things in order to

teach the processes betwen biotic and abiotic components in the cycle.

H: 800w Ol EUOT EwUT T wEUPOEDOT UwEOOEOUW Of woObY
remember the molecules found in the structure of living things. Which molecules
constitute the structure of living things?

Std1: Carbon hydrates, proteins and fats.

H: Yes. Which elements are there in the structure of proteins?

Std2: Carbon, hydrogen, oxygen.

H: Yes. What else?

Std3: Nitrogen.

H: Yes, Nitrogen, phosphorous and sulphur so the nitrogen element, which
forms the proteins in the structure of living things, is one of the most important
OEUUI Uwi OUwlUo6gZ" OEVUUUOOOwW. EUI UYEUDPOOEZ 8

In the same vein, it can be seen that she reminded the topic of the compounds to

explain the nitrificatio n process in the nitrogen cycle.

H: & There are nitrogen-binding and nitrogen -decomposing bacteria in the roots

of the legumes and in the soil. Through these bacteria, nitrogen can be converted

into compounds like nitrate, nitrite, ammonium, ammonia and nitric acid in the

soil. You remember these nitrogenous compounds from the topic of elements

and compounds, right?... [Classroom Observation].
, OUI OYI UOw' EOI wEOOUPEIT Ul Ewli 1T UwUUUET OUUZ wEOUIT
during her teaching of bio geochemical cycles. She preffered both use of project

based stragetgy and various topic-specific strategies. She gave her students an

OxxOUUUOPUAWUOWEDPUEUUUWUT I PUwx1 1 UUzwxUONI EU
could be said that she was concernedthe different types of learning styles due to the

existence of various representations.

| 81 6 K81 dw' EOIl zUw* OOPOT ET1T wOi w Ul EVwOI w20UE

Qu
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Hale stated that her students did not have any difficulty or misconception in the
topic of biogeochemical cycles. She pointed out that students were knowledgeable
about the related topics because of the private lessonsin the cram school. On the
other hand, Hale emphasized that students cannot transform their environmental
knowledge to daily life. She comp lained that the learners cannot develop an attitude

in accordance with their environmental awareness. In here, it can be said that Hale
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domain.

R: Do students have learning diffi culties that affect your teaching about
biogeochemical cycles? This may be misconception or partial understanding. At
what points do students have difficulties?

H: There is no point that students have difficulties or misconception in these
topics but | think there is a problem with the transformation of their knowledge
to the daily life. For example, s/he [student] knows that s/he shouldn't throw the
trash to the street or knows how to use natural resources consciously. But
learners have some habits so thg can't transfer their knowledge to the behavior.
This is a difficulty we generally face with in environmental issues and

However, as far as | can, | try to help my students to comprehend the
environmental issues and problems im my science lessons.

R: Do not their prior knowledge have any misconception?

H: As | said, my students have learned the topics and known the atmospheric
events related to the biogeochemical cycles since the 4th grade. Therefore, they
do not have any misconception with their prior knowledge. [CoRe Interviewl].

451 61 6k 6 w E OdogAdsessoedtr O1 E 1

This category of PCK includes two subcomponents namely; knowledge of

dimensions of science learning to assess and knowledge of methods of assessment.

*1 OEOZ UwOOOPOl ETT wOi weUUI UUOI OU0wUI T EUEDOT wUT T wU(
presented in this section.

K&l 81 8kdhhdw EOIl zUw* OOPOT ET1T wOl w#bOl OUPOOUwWOI w2 EE
"EOIl ZUw O0OOPOI ET1T w Ol wEUUI UUOI OUw OOw UUUET OUUZ w O]
dimensions of conceptual understanding, NOS understanding, and the connections

sustainable development issues regarding biogeochemical cycles. Hale stated that

during the teaching of the science topics, it is important to know whether the

students understand the related concepts. Therefore, Hale emphasized that she

preferred to evaluate the conceptual knowledge presented in the curriculum during

the lessons.Besides, she cited thatin her teaching of biogeochemical cycles,she used

the project work to engage the students in the learning process She underlined that,

in the projects, she could evaluateher UUUET OUUz wUODOOWET YT OOx Ol OUwUT 1
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development of critical thinking , and interpersonal skills, as well as enhancing
understanding the conceptual knowledge related to the biogeochemical cycles.

Additionally, she expressed that students could also develop both cognitive skills

such as problem solving, decision making, critical thinking) and science process

skills (communicating, analyzing and interpreting etc) duri ng the preparation of

their projects.

611 Ow' EOIl zUwUI EET DOT woOi wEDOT 1 OET 1 OPEBOWE a EOI
gave her students chance to present theirprojects as agroup work on the related
topics. Her students could only evaluate Ul 1 B U wperfoimahtez during the
presentations by the help of an asseesment rubric. Besides, observation data

revealed that although Hale generally focused on the assessment in order to

evaluate her stuEl OUUz wEOOEI xUUEOwWUOEI UUUEOGEDP§T OwUlT U
Ul wOUPTI EwUOWEUEPwWT T UwUUUET OUUzIumad&ldo OUD OO w
observed that she used questioning to either Ul YI EQw I 1 Uw UUUETI 60Uz u
OO0OPOI ETT wOUwWOOOPUOUWI T UwWwUUUET OU,agwalkEbD OU wO O C
example, she UUDPI Ew UOw | OPEPUwW VUUUET OU0UUzw xUPOUwW EO

photosynthesis and respiration before his teaching on biogeochemical cycles.

H:6- OpOwOl UAUwUI OPOEwWUT T wUOOxPEUWUT EVwadlwoli
know, we have learned and made generalizations about the needs of living
things. What kind of needs do you have? What are the needs of the living things,
when you think of plants, animals, and people?

Student (Std): The common need of them is food.

H: Yes, your friend Dilan says that plants, animals, and people needs food. What
else?

Std: Plants needs water.

H: Do not the people need water?

Std: Yes, they need water, too. However, the plants need to produce food and
water is necessary for producing food in the photosynthesis.

H: Yes, all living things need water? What else?

Std: They need energy to survive.

H: Yes. They need energy for the continuation of their metabolic activities. What
else do they need?

Std: The plants need the light for the photosyn thesis.
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H: Yes, what else?

Std: Again plants need the carbon dioxide in order to photosynthesize.

H: Yes, absolutely. What else?

Std: The oxygen in the respiration.

H: | satisfy the need of food and then this food is burned with the oxygen to

produce energy. Yes. Is the respiration only done by the people?

Std: No. Plants and animals can do respiration, too.

H: Yes, | want to ask a question in here. The living things need water, carbon

dioxide, and oxygen. We do not mention but we also need nitrogen. Some

matters in nature are needed for the continuation of the life. We always consume

these matters in different ways but we know that the amount of these matters

should be stable. How the amount of these matters preserve in the atmosphere?

Std: They can be renewed. In other words, the amount of them is preserved

through the matter cycles.

H: Yes. Therefore the amouwnt of the matters can be stable by the help of the

matter cycles. And today, you will learn how the matters that the living things

Ol 1 Ewli OUwUT 1 woPb|[CiassrEon®OskrvafiolwOE UUUIT 6
2001 wgUIl UUPOOUWUT EVw' EOT wUUI danngtheudadhiog UU wi DBUwWUUUE

of biogeochemical cycles were presented below in Table 4.35

Table 435." E O BamplewQuestions®Ow UUI UUw2 UUET OO0Uz w+1 EUDODOT

Questions

What are the needs of living things in order to survive?
What is the importance of water for living things?

Where is the carbon stored in nature?

What does fossil fuel mean?

Where are fossil fuels used?

Which compounds does the nitrogen form?

Where is the nitrogen found in the structure of living things?

What should be done for prevention of the balance of the carbon-oxygen cycle?

K61 61 6k61 w' EOl ZUw* OO6pPOIT ETT wOi w, 1 0T OEVUwOI w UUI UL
Hale stated that she preferred to use different assessment methods namely; informal
questioning, activities on textbook and students exercise book, her own activity
sheets, peer assessment forUUUET OU Uz w x,Udddl wiitehwera®d.U Ehe)

emphasized that she generally used the questioning method to either recall the

198



UOUET OUUzZwxUPOUWOOOPOI ETT wOUWUOET UUUEOQE W OP
Furthermore, she pointed out that she expected her students to both answer the
questions and do the activities in the textbook or student exercise book. She also
cited that she often distributed to the students the activity sheets she prepared after
the teaching of the topics. Ske mentioned that when suitable, she used the
alternative assessment methods like conceptmap and peer assessment through the

topic of biogeochemical cycles.

R Ul wUOT T Ul wECawUx1 EPI PEwWwOI U1l OEUwWwUT EUwaodlu
learning on the topic of biogeochemical cycles? How do you use these methods?

H: o In written exams, | can assess whether the students understand or not.

Before the exam, | use the questioning very often in the topic of biogeochemical

cycles. Again, students have done activities such as the completion of a concept

map. We also use activiies in the student exercise book. Sometimes | can

distribute the activity sheets | prepared. Then, for the reinforcement, we solve

many test questions asked in previous TEOG exams at the end of the unit. In

addition, students also make presentations about these issues. | also expect them

UOwil YEOUEUTI wUT T PUwi UPI OEUzwxl Ui OUOEOGEIT UB w(
table for the presentations. According to these documents, they can both make

xUl Ul OUEUPOOUWEOGEwWI YEOUEUT wUI TaBdleain th®i OE Uz w
related topics by the help of the presentations.

R: Ok, why do you assess in this way? What are the reasons?

H: | think it is more effective than the written exam. When you assess the

students learning during the lessons, you can see wheher the students can

answer properly or not. For example, | usually ask my questions to the students

who do not raise their fingers. When | asked the question, | can see whether the

student can establish the connections between the topics. Students can als

recognize their lack of knowledge through the discussion in the classroom. But

they [students] can forget assignments you gave as homework or they [students]

can get the answers from their friends before they come to class. Then | can't

understand wheth er students can learn the content in such way. However, | can

OEUI UYl wi EUPCaAawWEaAwWUT T wil OxwoOi wUlIT wYEUDOUU.
participation is very important for me. | expect them to express their opinions

and knowledge. Then if | have to do the activity and if | couldn't do it in the

classroom, | can give it as homework. After that | solve the question in the

classroom next lessons... [CoRe Interview].

During her teaching of the cycles, Hale preferred generally the open-ended
questions to provide feedbacks on how much her students understand.

Furthermore, the whole students presented their projects related to the topic of
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biogeochemical cycles in groups. Hale tried to provide feedbacks or review the
points that learners have difficulties th rough these presentations. Although she tried
UOwWEI YI OOxwl 1 UwUUUETI OUUzZwWEI I TEUPYI wOUwEOI OPUDY
Ul ET OP@UI Owil UwUUUE]I OUUWEOUOEWOOO0awl YEOUEUI wOT 1
xUl Ul OUEUDPOOG w( OwlUT DU wssmdntvadsEntsaingE O1 z Uwi OUOEUDY 1 wE
R:#OQwaOUwWEUUTI UUwadbUUwWUUUET OUUz wlOl EUODPOT WwEUUDOT w
H: 81 UOw( wl0UawUOwl YEOUEUI wOawUUUETI OUUZwWEOOxUIT1
as possible because | can be awareof the misconceptions or missing points
immediately. You know, it is really hard to assess whether all of 40 students
understand in a 40-minute lesson. However, | prefer these assessment techniques

because if | cannot get answers in some questions, | retun to the related topics
and help my students to comprehend properly.

It was observed that Hale also focused on the summative assessment at the end of

both the related cycle and the unit. She used the activities on the student exercise

book to evaluate whether students learn the related concepts. Moreover, she used

her own activity sheet after the teaching of biogeochemical cycles to evaluate

UUOUEI OUUzwOl EUOPOT w2l 1 WEOQUOwWI I OEwEwPUDPUUI OQwli RBE
(twenty questions). In the exam, there was only one multiple choice question in

OUE]l UwUOWEUUI UUwWUUUET OUUZ WEOOET xUUEOUNUOET UUUEOEE
UTT woOPT T Ow Ol wUIT wiRRxOEOGEUDPOOUW EdatOWds Ow ' EOI z Uw

summarized in Table 4.36.
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4.3. CASE 3: Seldaz Bubject Matter Knowledge and Pedagogical Content

Knowledge on Biogeochemical Cycles

In this study, the researcher used the pseudonym for the participant teachers and

Selda was called as Case3. Selda is female and forty -eight years old. She was

graduated from biology department in Faculty of Arts and Science of a public

university in 1993. After teaching as a classroom teaher for one year in a public

primary school, she has been teaching science for twenty years in public middle

schools as a sciencdeacher. Selda has already been working in Eceschools project

PDOx Ol Ol OUIl EwEaw3211 $5wi OUwUOTUI T wal EU0wPOwI T UwEL
taught 6, 7 and 8" grades in 20132014 education year and has twenty cairse hours

as work load per week. There were thirty students in her classroom. In this section,

21 OEEzZUwUI U0UOUUwWOI wUUENIT E U w Odortedt kbowleageO b O1 ET 1 wEOL
were presented.

4.31.Seldaz Bubject Matter Knowledge

4.31.1.Seldaz Bulbstantive Knowledge

The results of 2 1 O Eshbstéhtive knowledge regarding biogeochemical cycles are

presented in three headings, respectively; carbon, hydrological and nitrogen cycle.

Initially, Selda requested to answer the question what the biogeochemical cycle is.
2171 wl RxOEPOI EwUT 1 wEAEOI wEUws zwUT 1T wxUOGET UUwWwPOwPT |
oxygen, nitrogen, phosphorus and sulfur are used by living things and return to
their resources again. She continued to the definition by emphasizing the limited
amount of these matters. Thus, she underlined that they [matters] should be used in
balanced way. She explained that the survival of the life is based on the continuity
of the matter cycles. It can be seen that Selda referred the living things as otic
components of the cycles. On the other hand, she did not address the abiotic
components such as the sun and soil although she highlighted the reservoirs of
Ei 1l OPEEOUwWPOwWI T UwWEI I DpOPUDPOOS W UwEwUI UUOUOwW?2I1 OE
labeled as patial according to the scientific definition.
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Researcher (R):How can you define biogeochemical cycles?

Selda (S): In nature, matters such as water, nitrogen, phosphorus, sulfur, carbon

and oxygen are used by living things and returned to their sources. These

OEUUI UUwUUI EwWEawobYDOT wUT DPOT UWEUT wOOUwWUOO
preserve the amounts of these substances and to use them in a balanced way

because these substances are very important for living things and for the

continuation of life. A ny increase or decrease in the amount of these substances

or any deterioration in the cycle prevents the system from functioning properly 6

K6+t 6hudhudhé w2l OEEzUw* OOPOI ET 1 wEEOUUW" EUEOOW" a
To reveal 2 1 OsfulBderstanding of carbon cycle, she was requested toexplain the
carbon cycle through drawing. Seldg UwUOET UUUEOEDOT wOi wEEUEOOWE
partial based on the statements in both her drawing and teaching. In Table 4.37,

Seldg UwUOETI UUUEOEDOT wUl OEUI EwUOwWUT 1 wEEUEOOWEa'

Table 437.2 | O HJHEderstamding of the Carbon Cycle

Seldaz Understanding

Components within the cycle 1 Plants (as Producers)

1 Animals, herbivores, omnivores and people

(as Consumers)

1 Decomposers
Organic compounds in the structure of all
living things, fossil fuels, CO: in the
atmosphere (as Carbon Reservoirs)
Soil (As abiotic component)
Water (As abiotic component)
Sun (As energy source)
Burning of fossil fuels
Photosynthesis of plants
Respiration of living things
Transferring of carbon element from plants
to consumers through food chain
1 Decomposition

=

Processes within the cycle

= =4 -4 4 -4 -

When asked the question of why the carbon cycle is important, Seldafirst stated the
existence of carbon and oxygen elements in the structure of living things. She
highlighted their [carbon and oxygen] functions in the formation of organic

compounds such as proteins, carbohydrates, and fats. Furthermore, she underlined
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the importance of both CO: in photosynthesis for the producing food and O: for the

respiration of living things.

R: Why is the carbon cycle important?

S: Carbon and oxygen are important elements because they are found in the
structure of living organisms. The proteins, carbohydrates and fats are the basic
organic molecules including carbon, hydrogen and oxygen. All living things
compromised of these OO O1T EUOI U6 ,wé héed thé €hérgy to survive.
Hence, humans do respiration to satisfy their need of energy. We can use the
oxygen gas and the food produced in photosynthesis by used CO.. In this
manner, CO: is alsoimportant to getl O1 UT a6

Afterward, Selda began to explain carbon cycle through drawing (Figure 4.21). She
first addressed the process of combustion explaining the release of CO:z to the
atmosphere through the use of fossil fuels in human activities. She continued to her
drawing the process of respiration and photosynthesis. She expressed that the
carbon dioxide is released to the atmosphere by the way of respiration of living

things. After that, Seldaexplained the photosynthesis as the process thatthe plants
use both the carbon dioxide and the water in the soil; therefore, make food by the
help of the energy of the sun. As is seen, she clearly pointed out the abiotic
components of the cycle as the sun, water and soil. Although she did not show the
process of transformation of organic carbon in her drawing (Figure 4.20), she
mentioned that the carbon element is transformed to the consumers (i.e. herbivores,
omnivores,) through the food chain. After that, Selda mentioned about the

decomposition process. She, however, did not show the process of decomposiion in

her drawing (Figure 4.20).

R: Could you please explain the carbon cycle by drawing?

S:6 ¢ # U E b Eefsidgawua settlement. There's a road here. There's a house and

a factory at the side of the road. The burning of fossil fuels from the chimneys of

these houses and factories results ingases such as carbon dioxide and carbon

monoxide. Also, there are humans, here. They arerespirating . Millions of human

around the world takes O from the air and gives CO: to the atmosphere. I'm

drawing a lot of trees as producers, across the road. Carbon dioxide released by

respiration and as a result of burning fossil fuels is used in the photosynthesis by

green plants. Water is needed in the cycle. Plants are receiving water from the

soil and carbon dAD ORPDET wi UOOwWUT | wEPUBw( z OWEUEPDOT wEwOI E
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chlorophyll. As a result, plants produce oxygen and food through the
photosynthesis by the help of the sun and chlorophyll. Later, the carbon in the
food is passed to other organisms through the food chain. In other words,
herbivores eat plants and take carbon compounds into their bodies. Again, the
food is transferred from herbivores to carnivores and all other living things in the
food web. Then the dead animal and plant residues are decomposeal by the
decomposers and the carbon dioxide returns to the atmosphere and thus, the
EEUEOOWEAEO]I wbhUWEOOXxOI Ul Eo

She also added that carbon and oxygen cycles are interrelated. Sheexplained that

the process of respiration is reverse of the process of the pheosynthesis. Thus, Selda

did not separately draw the processes of the oxygen cycleShe also mentioned the

proportion of 21 % oxygen gas in the atmosphere.

S:0 As known, there is 21% oxygen gas in the atmosphere. The only living things
that can produce oxygen are plants. Plants are the most important organisms for
the continuity of life because they place in the lowest step of the food chain. As in
the carbon cycle, in the oxygen cycle, the oxygen produced by the plants through
photosynthesis must be used in the respiration process. As a result, these [carbon
and oxygen] cycles are inseparable and reverse of each other. There's no need to
mention the oxygen cycle separately. The continuation of one depends on the
continuation of the other. Therefore, | think the cycle should be called as the
carbon-oxygen cycle.

Moreover, observation data revealed that Selda was aware of the reservoirs of
carbon. She pointed out the sourcesof the carbon element as organic compounds in
living things, fossil fuels and carbon d ioxide in the atmosphere during her teaching

of carbon cycle.

S: 0 In general, carbon is included in the structure of the organic compounds

such as carbohydrates, fats and proteins.As | mentioned before, these [organic

compounds] are the basic substancesthat form the structure of living things so

all living things contain carbon. In addition, fossil fuels contain carbon, and as a

result of the burning of them, carbon dioxide is released to the air. Lastly, we

know that the atmosphere contains approximatel y 0.03% carbon dioxide. These

EUIl wOTlT 1T wUOUUET UwOi wEEUEOOWEDORDET wOl ECWEUIT v
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In a brief, 2 1 O Estaterikents regarding the processes and components of carbon
cycle in Table 437 were consistent to the scientific explanations. However, she did
not state the dissolved carbon conmpounds in oceans as a reservoir. She did not refer
the algae and cynobacteria as producers, as well. Additionally, she did not touch
upon the aquatic carbon cyclein neither her drawing nor teaching. Lastly, she did
not address the major source of carbon dioxide as oceans and biomass. In these

considerations, 2 1 O Ruiderstanding of carbon cycle was labeled as partial.
431.1.2Seldaz Uw* OOPOI ET 1 wEEOUUOwW' AaEUOOOT PEw" aEOI
To grasp 2 | OsuRderstanding of hydrologic cycle, she was requested to explain

the cycle through drawing. Seldag Uw U OE 1 U U byErGidgi Eytlauviak labeled

as partial based on the statements in both her drawing and teaching. In Table 438,

Seldg UwUOBEIT UUUE OE biydralogitakzgcld is Bumbhdined. i 1 w

Table 4.382 | O HJBderstanding of the Hydrological Cycle

Seldaz Understanding

=

Components within the cycle The plants (as Producers)

The animals, people (as Consumers)

Oceans, Lakes, Glaciers, Ground Waters and
Streams (as Water Resources)

Sail

Evaporation

Condensation

Precipitation

Surface Flows

Penetration

= =4

Processes within the cycle

= =4 4 -4 - -9

Selda initially addressed the importance of water. She expressed the need of water
for the metabolic activities. She expanded her explanation by stating the organisms
consist of cells and, cellular activities can only occur in the watery environment.

Thus, she expressed the role of water in the structure of living things accordance

with the scientific explanation.

S:6 It is impossible to think of a life without water. Water is a vital and necessary
matter for living things because cellular activities can only occur in the presence

207



of water. Since all living things are made of cells, we need water for all our

metabolicaE UBYDUDPI Ud
Then, Selda mentioned all reservoirs of the water as the abiotic components of the
hydrological cycle. Although she explained the water resources as oceans, ground
waters, lakes, rivers, and glaciers; she only showed the oceans and ground waers in
her drawing (Figure 4.21). However, she only showed the oceans and ground
waters as thereservoirsin her drawing. Selda continued to her explanation with the
drawing of the evaporation process in the hydrological cycle. She pointed out the
formation of clouds by the water vapor evaporated from the water resources. She,
then, addressed the process of precipitation as snow and rain. Then, she explained

the surface flows and penetration process in the cycle.

R: Could you please explain the hydrological cycle by drawing?
S:6 [Drawing] There is a mountain in here. At the top of the mountain, the water
PUwi OUBEWEUWUOOPWEOEWPETl dw+l UZUWEUEPWEOWOET EOu
under the soil. In addition to these water resources, there are lakes, rivers,
streams and glaciers. Now, first the water evaporates from these water resources
and the water vapor forms the clouds. Later, it falls down to the earth as snow or
rain. As a result of precipitation, while some of the w ater percolates as ground
waters, some flowsto the rivers and oceans. Andthe water evaporates again, and
U1 wEAaEOI wEOOUDPOUI UwoODPOI wli PUS
Although she did not touch upon the condensation process in her explanations
through drawing, she explained this process in her teaching of the cycle. Besides,
during her teaching of water cycle, she explained the respiration as a process that all
living things (plants, animals and humans) give water vapor to the atmosphere.
Therefore, she referred both the biotic components and the process of respiration.
On the other hand, she adressed the transpiration process neither through her
drawing nor her teaching. Moreover, she did not mention about the sun and gravity

as the abiotic components of the hydrological cycle.

S:6 The water cycle begins with the evaporation of the surface and underground
waters. The water vapor meets the cold air layer and falls down to the Earth
again as precipitation. Plants and animals also give water vapor to the
atmosphere through the respiration [Classroom Observation].
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In conclusion, 2 I O Edfagetdents regarding the processes and components of
hydrological cycle in Table 438 were consistent to the scientific explanations.
However, Selda did not mention about the abiotic components such as sun and
gravity. Besides, she did not touch upon the climatic factors such as temperature
and wind affecting the hydrological cycle. Finally, she did not address the

transpiration process of the hydrological cycle. In these considerations, her

understanding of hydrological cycle was labelled as partial.

431.1.3Seldag Uw* OOPOI ET 1 wEEOUUOwW- PUUOT T Ow" aEOI
To identify 2 1 O Eukderktanding of nitrogen cycle, she was requested to explain
the cycle through drawing. ' E O1 z U w U O E bf Witidgdn @yel® ®ds labeled as

partial based on the statements in both her drawing and teaching. In Table 4.39

2 1 O Eulderslanding related to the cycle is summarized.

Table 4.392 | O HJRderstamding of the Nitrogen C ycle

Seldaz Understanding

Components within the cycle 1 The plants (Legumes) (as Producers)
1 The herbivores, the omnivores, (as
Consumers)

T Nitrogen -fixing bacteria
1 Atmosphere and soil (as Nitrogen
reservoirs)
Processes within the cycle 1 Nitrogen fixation
1  Transformation of nitrogen compounds in
the plants to animal s through food chain
1 Lightning

Selda initially highlighted the importance of the nitrogen for the living things. She
detailed that nitrogen is one of the major elements in the structure of organic
molecules such as proteins and nucleic acids. Her responses regarding the
importance of the nitrogen were consistent with the scientific explanations.
Afterward, Selda began to explain the nitrogen cycle through drawing (Figure 22).
She continued to her explanation by emphasizing the atmospheric reservoir of the

nitrogen gas with the amount of 78%. She underlined that this atmospheric nitrogen
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gas cannot be used directly by the organisms. She added that only producers can
take the nitrogen from the soil as dissolved nitrogenous compounds. Additionally,
she addressed the lighting as a process thathe nitrogen gas fixed to the soil. Here,
she implied the soil as a reservoir of the nitrogen. Then, she drew the bacteria which
she called nitrogen bacteria in the soil and roots of plants. In pursuit of her drawing,
she continued to explain the process of the nitrogen fixation stating that the nitrogen
bacteria in the soil fix the nitrogen gas and convert to the nitrate. Later, she touched
upon the nitrogen -assimilation explaining the transformation of the nitrogenous
compounds from the plants to the h erbivores through the food chain. However, she
did not show the plants as a biotic component in her drawing (Figure 4.22. She also
addressed the decomposition process through the nitrogen bacteria. In here,
however, she did not differentiate the decomposers and nitrifying bacteria. She also
did not state other nitrogen bacteria such as denitrifying and cyanobacteria as biotic
components of the cycle. Therefore, she could not explain the main processes of
nitrification and denitrification correctly neither in her drawing nor teaching

practice.

R: Could you please explain the hydrological cycle by drawing?

2 0 [Prawing] Nitrogen is also very important element like carbon, hydrogen
and oxygen. Why is it important? It is involved in the structure of proteins. There

is nitrogen in proteins and nucleic acids in the structure of living organisms.
Although with the amount of 78%, the most found gas in the air is nitroge n but
living things cannot use this nitrogen directly. First, there are nitrogen bacteria in
the roots of the legumes and in the soil. These nitrogen bacteria take the free
nitrogen in the air in the form of ammonia and convert it into nitrogenous
compounds and nitrate. Then these nitrogenous compounds are taken by plants.
These plants are consumed by herbivores and then carnivores eat the herbivores.
Therefore, in this way food including nitrogen compounds can be transferred
between living organisms. Let's draw one rabbit there. Rabbit will eat the plants.
Then it [rabbit] will give the nitrogen to the soil again. In other words, the plant
and animal residues will be separated by the decomposers and nitrogenous
compounds will return to the soil again. At th e same time, the free nitrogen in the
atmosphereis fixedUOwUT 1 wUOPOwWEa wUT T wi il Ox wOl wOT 1T woODI
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In short, 2 1 O Estaterients regarding the processes and components of nitrogen
cycle in Table 4.39were consistent to the scientific explanations. On the other hand,
she did not differentiate the decomposers and nitrifying bacteria. Furthermore, she
did not state other nitrogen bacteria such as denitrifying and cyanobacteria as biotic
components of the cycle. Therefore, her explanations about the processes of
nitrification and denitrification were not substantial. The statementsin both her
drawing (Figure 4.22) and teaching did not include the sun as energy source which
is the important component of the nitrogen cycle as well. In these considerations,

2 1 O Rukdersétanding of nitrogen cycle was labelled as partial.

SOWEOOEOUEI OWPUWEEOWE] wWUEPEwWUT EOw?21 OEEzUw U
biogeochemical cycles was partial considering her responses related to the

EOOx OOl OUUwWwEOEwW xUOETI UUT Uw Oi wUT 1l wEAEOI Ubw (O
knowledge regarding her NOS understanding was documented.

4.31.2.2 1 O ESyrgadtic Knowledge

(OQw UT PUwW Ul EUPOOOW UT T w Ul Wigdye (NOSD View)2we® EEz Uw U
presented based on empirical, tentative, inferential, creative and imaginative,
subjective, socio-cultural nature of science as well as thedistinction between theory

and law.

Empirical NOS: When asked the question of what the science is, Selddirst stated
that science is a process including the sense of wonder. She explained the science as
sthe process of finding solutions to the problems people face with in their daily

O Db i She zccepte that scientific knowledge is based on the evidences; and that
scientist make conclusions based on the data collected through observation and
experiments. In order to assert her view, she stated that scientists can conclude the
existence of global warming based on data and observations such as graphs increase
in temperatures. On the other hand, she also adapted the view that there exist
stepwise procedures to reach conclusions and, thus, failed to understand that

experiments and observations are not the le way to advance the scientific
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points in terms of empirical NOS (See Table 4.40or sample quotas).

Table 4.402 | O ESEmpld Gtatements ofEmpirical NOS

NOS view Sample Statements

Empirical Science isfirst a process including the sense of wonder. It
[science] is the process of finding solutions to the problems
x1 OxOl wi EEl wbOwUT T whOUOEwWUT 1 a
our lives. For example, in education field, we can use computers
and other technological devices by the help of the scientific
developmentso
0 Science is different from other disciplines by means of its
realistic structure because <ience is based on the experiments.
Scientists can make conclusions based on the evidences
0 Why all people around the word mention about the global
warming? Scientists can provide evidences, make observations
EQEwi RxI UPOI OUUS63TT awdEUI UYI u
also propose a research question, formulate a hypothesis, and
U1l OWEOWEOwI Rx1 UDPOI QU6 %DOEOOaA
the results. NASA, for exampOl OWEEOwUT ObpwE wC
period of time with the photographs, graphics, in other words
with evidences. So they [scientist] have collected data for years

increased approximately 4E1 T Ul 1 wUDOET whiNYY:

Theory & Law: Requested to answer the question of differences between theory and
law, it was understood that Selda was not aware that theories and laws are different
kinds of scientific knowledge. Asserting that theories become laws when universally
EEEI xUl EOQwUT T wxOUUI UUI EwOECYI wUOET UUUEOGEDOT wlT EC
between theories and laws. Besidesher responsesincluded the misconceptions that
the theories are the knowledge that needs to be poven and laws are certain
knowledge. She gave examples from Newton laws of motion and Evolution theory.
Although she explained the greenhouse effect correctly, she failed to understand
that it is a theory (Ramanathan, 1988; Wilkins, 1993)because of hermisconception
on the explanatory function of theories. Thus, her excerpts indicated that she failed
to understand the functions of the theories and laws, as well (See table 441 for

sample quotas).
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Table4.412 1 O ESEmplé Gtatements ofTheory & Law

NOS view Sample Statements

Theory & Law 6 Many theories can be put forward, but these theories need to
be accepted by all scientists around the world. If the theories are
proven, they are called laws. For example no one disclaim the
El UUEDPOUaA WOl w-1pPUOOZUwWOEPUWO
HoweverOw ( W EEOWEEETI xOw UT 1l w#EUPE
EEEIl xOwbPUOwWET EEUUT wlOT PUwUOT 1T HiU
Ol T EUWUOWET wxUOYI 06w
6371 T wiT Uil O OUUIlaw forl riel Bdientishs Unavé e
common conclusion that the global warming really happens.
They all concluded that the increase in the temperature is caused
by the greenhouse gases. The results of thestudies, conducted in
twenty years, have indicated that the temperature of the earth
has been increasing. There are many evidences, such as thi
graphics showing the change of the temperature on Earth in
twenty years. Therefore, greenhouse effect is a law,under these

EPUEUOUUEOEI Uo

Tentative NOS: When asked whether scientific knowledge can be changed, Selda

realized that scientific knowledge is subject to change. She argued that there are

different interpretations of previous knowledge and new technologies can advanced

the scientific knowledge. She elaborated her answers giving examples from the

ways of treatment of diseases and the opinions on the shape of Earth. When asked

PI T UTT UwUOiIT OUPI UWEOEWOEPUWEEOQOWE® vielw bofih®1 1 EQw
laws are certain knowledge and difficult to change. Additionally, although she

asserted that theories can be changed, her assertion was not accordance with the

Ui OUEUDY] wYDI pwOi wUEDPI OET GwW1EUT T UOwwWdd wul i Ol
step in the generation of laws (Abd -El-Khalick, 2005). Thus, the results showed that

her misconception related to the functions of theories and laws caused her

understanding on tentative NOS to be partial (See table 4.4Zor sample quotas).
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Table4.42 2 1 O ESEmpld Gtatements ofTentative NOS

NOS view

Sample Statements

Tentative

0 Scientific knowledge can be changed. Science is not a stable
rather a constantly developing phenomenon. More realistic
results can be obtained by observations andexperiments. For
example, the flat earth opinion. This opinion had been
researched over time, and rejected by the new interpretations
based on different research Additionally, technologies on the
treatments of the diseases seh as cancer have been
developing EEa wEa WEE a6 www

0 | think laws are the scientific knowledge difficult to be
changed. On the other hand, theories are more open to change.
The evolution theory of Darwin can be developed over time,
and if all scientists accept its certainty, we can call it as
#EUPDPOZUW+EPSwW ObPI YI UOWEOwaOo!I
of motion can be changed? | thnOOwUT DUwBbUwWE OO

Inferential NOS: When asked how scientists are certain about how dinosaurs

looked like, Selda acknowledged that scientists make inferences. She did notuse the

Ul UOwssPOiTUIOEIl zzwl BRxOPEPUOAWEUUWUT T wbOxOPI Ew

based on the evidences. She expanded her responses stating s EEUTI EwOOwUT 1 wi GUU

evidences, scientists corluded that dinosaurs were descended from reptiles and

I EEWODYI EwOPOOPOOUWOI wal EUU wisdsiDavigences2of 1 WEOUOw I B

EDOOUE UU Ugystetnanddheld Babitat help scientists be certain about their

appearance and feeding habits Hence, Seldag understanding of inferential NOS

was substantial (See table 4.43or sample quotas).

Table 4.43.2 1 O ESEmpld Gtatements ofinferential NOS

NOS view

Sample Statements

Inferential

6 ( Uwb U w O @rivownHact thiat @iGosaurs had lived millions of
years ago and reptiles were their ancestors. Scientists investigated
the fossil evidences as they[scientists] obtained the proof of their
[dinosaurs] existence. We can see the models of dinosaurs based ot
fossil evidences in museums. In addition, scientists can provide the
evidences of the physical structure and feeding patterns of the
dinosaurs through their habitat and fossil evidences of the skeletal
systemsd
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Creative and Imaginative NOS: Selda was aware of thecrucial role of imagination

and creativity in science. She realizedUT ECOwUEDI OUPUUUz wbOET POEUD
essential for the continuation of their investigation. Hence, her responses were

DOl OUOI EwET EEUUT woOi wiOT 1 wUOE indtidh ded@iedivdy w Ul E U w
have an important role in every part of the scientific investigation . In here, it can be

also seen that Selda acknowledged that scientific knowledge can develop by the

T OxwOi wWwUEDPI OUPUUUzZwEDI i1 Ul OUus>awdeUot th& UDY 1 UGB
subjectivity in science. 9 O E gample statementsrelated to the creative NOS can be

seen in Table 444.

Table 4.442 1 O ESEmplé Gtatements ofCreative and Imaginative NOS

NOS view Sample Statements
Creative and 0 Itis impossible to think that science isapart from imagination
Imaginative and creativity. The scientist I PUUUwWET T B O U wthem |

imagination and creativity are necessary for the development of
their research.

Perhaps this characteristic [creativity and imaginati on] of
scienceis most used in planning, but at every stage, | think that
scientists should need creativity and imagination . For example,
he/sheis in a certain part of his or her research but can come up
with different ideas and use the advantage of creativity and
DOET POEUDOOS W31 1 Ul i OUI OwUT 1 ¥1

Subjective NOS: When asked how scientists reach different conclusions with the

UEOI WEEUEOwWUT 1 wEEETI xUIl EwUT EUw UERatkGréuhdu DU w D O
knowledge, preconceptions, political views and values . Likewise, her responses on

the aspect of creative and imaginative NOS supported her informed view on

subjective NOS. On the other hand, she asserted that subjectivitiy causes scientific
knowledge to be unreliabll OQOwUT UUwUT T wUl | O1 EUI EwOT 1 wOECYIT w
objective and value-free. From this point of view, the results showed that 21 OEEz Uw
inconsistent expressions on the subjective NOS caused her understanding to be

partial. Sample statements can be gen in Table4.45
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Table 4.452 1 O ESEmpld Gtatements ofSubjective NOS

NOS view Sample Statements

Subjective Unfortunately, the work of scientists, of course, is influenced by
political views, lifestyles, background knowledge, religious
views or economic concerns. On the other hand, | think that
scientists and science should be objective;UEDIT OUD UL
should not affect their research. Unfortunately, the countries
that hold the power in the global worl d influence on science. |
science was a authority that could be changed according to
interests, individuals or values, how could people trust
science?..

Socio-Cultural NOS: To be categorized as holding informed understanding of

socio-cultural NOS, participant should indicate an understanding that science is a

human endeavor and, as such, is influenced by the society and culture in which it is

practiced (Lederman et al., 2001) Giving example related to Muslim societies Selda

accepted that science is influenced by religion, culture and values of the society. On

the other hand, aligned with her partial understanding regarding subjective NOS,

Selda asserted that science should bevalue-free and scientific research is isolated

from the norms and values of the society. 31T UUOw?21 OEEzZ UwUOEI UUUEOGEDOT wi
on the tenet of socio-cultural NOS due to her contradictory expressions. Sample

statements can be seen in Table 46.

Table 4.46 2 1 O BSEmpld Gtatements ofSocio-Cultural NOS

NOS view Sample Statements

Socio-Cultural  Science is also influenced by the culture, religion, norms and
values of the society. For example, Notice that, European
societies have always produced, and Arab countries have
always consumed. As the Muslim societies, we had used what
Europeans were produced. We haven't advanced in technology.
The Muslim societies and Arab Peninsula was the least affected
by the science andtechnology revolutions in the Renaissance.
(UzZUWEOOWEEOUUWUT 1T wUl ODP1 1AMk alu
kinds of social, cultural and religious values affect science in this
wayd' OPIT YI UOw (w 0T pOOwWwUT EVwUED
should be independent from the religion or cultural values of
the society. It should not deal with superstition 6 ( OwUT OU
EWEOOOOOWEOEWUOPOBUI wOEOT UET I o
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30wlUUOwWUxOw21 OEEzUwUI UxOOUT UwbOxOPI EwUT ECwUI
on NOS tenets. Specifically, shel EEw OECY1 wUOEI UUUEOQEDPOT wodduw
differences between theory and law. In fact, it can be said that there were

PDOUI UEEUDPOOUWEOOOT w21 OEEZUw- . 2wYDI PUS wwnOU wI
scientific knowledge can be changed by the new interpri UEUDOOUOQwUT T wi 1T OEu
idea that the change of laws is difficult because laws are certain knowledge. In here,

the deficiencies in her understanding of the functions of theories and laws affected

her view of tentative NOS. Likewise, her partial unders tanding of subjective NOS

caused her understanding of socio-cultural NOS to be partial, as well. On the other

| EOEOw21 OEEZUwUOE]I UUUEOGEDPOT wUIl EVwUEDPI OUPI PEuU
helped her view of inferential NOS become substantial. To conclude, Selda did not

have sophisticated views of NOS because &e was not deeply informed in all of the

NOS tenets. Moreover, it observed that she did not translate any aspects of NOS

into her classroom practice of biogeochemical cycles.

K&+ 6 hudt & wastaing of Susiain@dfe Development Regarding

Biogeochemical Cycles

(OwOUET UwUOOwUT YT EQw21 OEEZUwWUOET UUUEOGCEDOT whi u
biogeochemical cycles, she was requested to answer what the causes, results and

solutions to the disruptions to the cycles are. Besides, ler teaching of
biogeochemical cycles was observed. Therefore, both her responses and practice

unveiled how Selda linked the biogeochemical cycles to theaspects of sustainable

development.

Selda mainly touched upon the unconscious use of natural resourcesas the causeof
the disruption to the biogeochemical cycles. She pointed out that people have
abused the limited natural resources. She, therefore, attributed the population
growth to the main cause of the environmental damage. She had the idea that
human activities should sustain the balance of the nature. She, also, implied the

interdependency of the living things by emphasizing the energy flow through the
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biogeochemical cycles. Therefore, she approached the use of natiral resources by

the environmental aspect of SD.

Researcher (R):What are the causes of the disruption in biogeochemical cycles?

Please explain.

Selda (S): We know that there are living and non-living things in ecosystems.

The living organisms in this ecosystem provide their need of energy and food

through the biogeochemical cycles. Therefore, cycles are necessary for the energy

flow and the continuity of life. Unfortunate ly, in recent years, people have

EEOQOET T EwUT 1 wWEAEOI UGB w3l il awgEAEOI UgwEUT wOI T EUDYI
The resources on arth are limited. If we do not use the resources in a balanced

way and prevent them functioning properly, we will suffer the consequences.

Kot hudt dhud w21 OEEzUw* OOPOI ETT wOOwWUT T w" 60601 EUPOOUU
and Sustainable Development

Regarding the deterioration of the carbon cycle, Selda emphasized the deforestation
and unsustainable consumption of natural resources as the main environmental
problems related to the carbon cycle. She tried to connect the scarcity of energy
resources and energy problem to the population explosion. Because of the increase
in energy need, she stated that there has been an increase irdamage o the
environment. Thus, in here, Selda attributed the environmental problems to the
energy. Moreover, Selda tried to address the unsustainable modes of production
through the industrialization. Specifically, she underlined the unsustainable energy
production through the increase in the number of power plants using non -
renewable energy resaurces. Moreover, she touched upon the unplanned
industrialization as the factor leading vegetation removal to build constructions. As

a result, she connected the increasen CO2 emission to the excessive use of fossil
fuels and deforestation. In here, she also referred the atmospheric pollution because
of the excessive carbon emission.Therefore, she emphasized the three aspects of SD

namely; environment, energy and economy.
UT OUUET T UBw( OwOUET UwU @ anergytietimben of therodgh OU OEz Uw Ol 1
power plants is rapidly increasing. We're cutting the trees and destr oy the forests
to build more power plants. Again, the increase in population causes unplanned
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urbanization. The green lands were destroyed to build the residences and
shopping malls. For example, you can't breathe in Istanbul (Most crowded city in
Turkey) because of intense air pollution. In other words, as a result of the
excessive use of fossil fuels in these constructions and the destruction of forests,
the more carbon dioxide is released to the atmosphere. Therefore this situation
Ol TEUPYI QawEi I 1 EOUwUT | wEEUEOOWEOGEwWOR AT I OQwEs?
Then, Selda addressed the governmental policies to cope with the problems related
to the energy need. She especially mentioned that the best solution is to support the
use of renewable energy sources with sufficient development policies. In here, Selda
implie d the shared responsibility to cope with the problems related to the scarcity of
energy both universally and socially. She also touched upon the importance of
scientific research for the development. Therefore, in here, she referred the
environment, society, energy and politics aspects of SD by emphasizing the
solutions the envrionmental problems with the use of renewable energy resources,

development policies, responsibilities shared by internationally and socially and

finally scientific research for development in every area.

S: Carbon emission is one of the biggest problems in the world. Whether
developed or not, all countries have to take steps in this regard. As long as it is
supported by state policies, there can be permanent solutions to these problems.
Especially, regarding the energy problem, the measures to be taken and policies
are very important. We know that as all natural resources on Earth, energy
resources are limited. If so, the best solution is to support the use of renewable
energy sources and to do scientific research and projects in this regard; | think
that it is necessary to develop policies towards this sector.

When Selda was asked the results of the disruption in biogeochemical cycles,she,
again, stressed the aspect of environment implying the sustaining the natural
balance. Shepointed out the global warming and climate change as the main results
of the disruption of the carbon cycle arising from the anthropogenic activities. She
mentioned that the increase in the amount of greenhouses gases due to the
unconscious use of fossil fuels causes to the global warming. She added that the
climate changes as a result of the global warming over time. Thus, she emphasized

that human activities devastated the sustainable balance of the nature.
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S:6! UUODPOT wOisuarhd@uitidgpodthel tieds Gauses directly or indirectly
increase in carbon dioxide in the atmosphere. If the more carbon dioxide is

the amount of greenhouse gases such as arbon dioxide in the air means the

increase in the temperature of the earth. We call this event as global warming

you know. Over time, this warming causes to the climate change. As a result,

U1 Ul wxUOEOI OUWEEUUT wUT T wEEOET T wOi wlUT 1 WEEOEOET 1
Bril  GaOwpkpil Ow2l OEEzUwWUI UxOOUI Uwpki Ul wi REOPOI EOQwb
upon the important environmental phenomena such as greenhouse effect, global
warming, climate change and atmospheric pollution. Additionally, she connected
these phenomena with the scarcity of energy resources and unsustainable
production due to the population growth. She also referred the geopolitical
implications emphasizing the development policies that support the use of
renewable energy sources. However, she did not refer the arbon economy policies
to overcome the problems related to deteriorations of the carbon cycle. Furthermore,
she did not mention about the poverty as an issue of SD related to the carbon cycle.

During h er explanations of the connections between the carbon gcle and SD, Selda
also addressed five aspects of sustainable development including environment,

society, economy, politics and energy.

K&t 6hdt 1l w2l OEEzUw* OOPOT ET T wOOwWUT T w" 6601 EUDPOOUU
Cycle and Sustainable Development

Selda generally pointed out the environmental problem related to the water such as

water pollution and the scarcity of water. She touched upon the damage of water

resources due tothe energy need. Moreover, she attributed the water pollution to

the decrease in the number of living things into the waters. In here, she referred the

interdependency of living things by the aspect of environment. She also underlined

the water scarcity because of the uncmscious use of water resources. She

exemplified the decrease in the occupancy rates of dams because of the high

temperature as a result of global warming. Thus, she only pointed out the issue of

drought as a cause of the deterioration of water cycle. Therefore, Selda mainly
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addressed the environment and energy aspects of SD through the water scarcity and
water pollution.
SSOw(AYl uNUUUWUEPEwWP]I wEI U0UOaAwUT 1 wUDPYIT UUWE
power plant. We also consume the water unconsciously in cities. We pour the
waste oil into the sink or tankers cause oil spill to the seas. Thus, we pollute our
water resources. We are endangering the life of both ourselves and the living
things in the waters. Recently | have heard that there will be water shortage in
Ankara and Istanbul this year. The reason is the decrease in the rate of occupancy
in dams. The reason for this situation is that the water evaporates too much due
to increasing temperatures due to the greenhouse effect. When there is a lot of

evaporation, the dams are not filled. In result, the deterioration of a cycle actually
causes other cycles to deteriorate...

touched upon the issues of droughts and water scarcity for the hydrological cycle.
However, she did not refer how these issues related considering the disruption of
the hydrological cycle. Again, she did not touch upon the phenomena such as soll
salinization, desertification and glaciation. Moreover, she did not address the trans
border conflicts of water, the diseases arising from water pollution or the non -
conventional water resources as sustainable issues readted to the hydrological cycle.
As a result, Selda mainly focused the environmental aspect of SD in tems of the

phenomena and SD issuesrelated to the hydrological cycle.

Két drudt 8t w21 OEEzUw* OOPOI ET1T wOOwWUT T w" 6601 EUD
and Sustainable Development

As can be seen above, Selda addressed the water pollution caused by household

wastes; industrial and agricultural wastes. She connected the reduction in variation

due to the water and soil pollution. She addressed the removal of large quantities of

water from rivers and ground water supplies for agricultural activities. Although

she also mentioned the excessive use of chemical fertilizers in agricultural activities,

she did not connect this problem to the degradation of nitrogen cycle. On the other

hand, she stressed the unsustainable production through agricultural activities. She

also considered the lives of other living things by emphasizing interdependency of
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the living things. Thus, she approached the problems of water and soil pollution
from the enviro nmental and social aspects of SD.
S:661 wxOUUwWUTT whpEUUTI wOPOwWBPOUOWUT 1 wUPOOWEDOEWEOU
seas. Thus, we pollute our water resources. We threaten the life of both ourselves
and the living things in the water resources. For example, if the water plants
cannot take the sun light to make photosynthesis, therefore they cannot produce
oxygen and food for other living things in the water. In a result, the destruction
of the carbon-oxygen cycle caused the water pollution causing the decrease in the
OUOGET UwOi wUT 1T woObPYPOT wili POT UwbOwUT T whEUI UwOYIT Uwl
6311 Ul wEUI wOEQawx1 OxO0l wEODOT WET UPEUOUUUEOWEEUE
the underground waters unconsciously by opening wells for irrigation in
agricultural lands. Also, the excessive use d fertilizers can cause the soil

pollution in there. These chemicals can reach the underground water resources
and consequently, pollute the water resources.

To sum up, it can be seen that Selda only addressed the soil pollution as a

phenomenon in the nitrogen cycle. She emphasized the water pollution and the

excessive use of fertilizers but she did not relate these issues to the nitrogen cycle.

Moreover, she did not emphasize the eutrophication due to the excessive nitrates in

the soil or water resources. In the same way, she did not address that the

greenhouse gases includes nitrogen. Thus, he did not relate the excessive nitrogen in

the atmosphere to the acid precipitation. Besides, she did not mention any issue of

sustainable development in nitrogen cycle except for the use of fertilizers. In that

EEUI Qw21 OEEzUwil RxOEQEUDOOU w Oifraged icycle B0 OO1 EUD OO U w
sustainable development issueswere focused on the SD aspects of environment and

society.
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Finally, while mentioning the solutions, Selda especially focused on the SD aspect of
education. She emphasized that developments in education could create more
sustainable world for the future generations with the help of educated and awared

people. Thus, she stressed the society aspects by underlying the future generations.

SOWEOOEOQUEI OQw6i il Qw21 OEEzVUwl RxOEOEUPOOwWUI OEUI
to the depletion in biogeochemical cycles examined, it can be seen that she mostly

underlined the issues and aspects of SD in thecarbon cycle. Therefore, it can be said

that she failed to connect both nitrogen and hydrological cycles to the related

sustainable development aspects. Moreover, Selda mainly approached to the

phenomena and issues of sustainalle development from the environmental aspect

whereas she addressed the economic, educational and technologicalaspects rarely.

She also did not stressed the technological aspect of SD.To sum up, 21 OEEz U

conceptions of SD regarding biogeochemical g/cles can be seen in Figure 4.3.
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43.2.2 1 O BEPedagbgical Content Knowledge
4.32.1.2 1 O ECFigntation to Science Teaching

In this section, 2 | OsEleliefs about goals of science teaching at grade B were
presented based on the analyses other responses to the cardsorting scenarios and

the interviews related to the goals of science teaching and classroom observations.

Selda cited that her beliefs about central purposes for science teaching were
generally affected by the national science curriculum and the examination system.
She expressed that her basic goal of science teaching was to transrnthe curriculum
knowledge. She also emphasized that in 8" grade level; the goal of science teaching
was specifically to prepare learners to the TEOG (currently known as LGS)
examination. In addition, she expressed that science teaching also prepares the

students to high school courses(SeeTable 447 for sample quotas).

Table 4.47 2 1 O ESampléuStatements Related to Beliefs bout Central Goals for
Science Teaching

Central Goals Sample Statements
To transmit the knowledge We, all science teachers, have to follow the
required by curriculum national science curriculum in Turkey. | have

to teach the topics required by the curriculum.
Therefore, my main goal is to present the topics
EUWEWEUUUPEUOUOWOENI EU

To prepare learners to high school 6  Uwe know, science teaching is consisted of
courses the science branches such as physics, chemistry
and biology. Science concepts in elementary
level are step for the science lessons in high
schools. We try to prepare our students to the
high school courses by giving the basic
UEDPI OUPI PEWOOOPOI ET 1 wi

To prepare learners to highschool 6 $Ux1 EPEOOCAOQWECwWUT T w W

exam families, and also our school administration is
concerned the TEOG exam. So, | try to prepare
my students for the exam in my science lessons.
| generally solve retired questions related to the
UOxDPES
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When it comes to her peripheral goals for science teaching, Selda pointed out that

one of her goals for science teaching is toE OOOI EUwWUEDIT OEI weOEwWUUUETI 60U
She stated that in science lessons, ke tried to help students fulfill their basic needs

in daily life. H er responses included that students are able to develop

environmental awareness in science lessongSeeTable 4.48for sample quotas).

Table 4.48 2 1 O ESEmplé Btatements Relatedto Beliefs about Peripheral Goals for
Science Teaching

Peripheral Goals Sample Statements

To prepare learners to life We, as a human, born in nature and life. We
cannot isolate ourselves from the nature. So, the
aim of science teaching is to help students to
grasp the relationship between themselves and
their natural environment. | mean science
education is necessary to obtain basic knowledge
Ul OEUI EwOOwUT 1 woObi 1o

To help learners to satisfy their Who am 1?, How do | keep living?, How do |

needs in daily life feed?, How do | run?, How do | sleep?...The
answers of these questions are given directly in
the science lessons. We have basic needs such ¢
seeing, hearing, feeding, sleging to survive in
life. Through the science lessons, we try to help
our students to comprehend how they meet these
Ol'l EUWwPDOWEEDOa wODPIi 1 6w

To help learners to develop 061 wi EYT wOOwxUOUI E0wOT 1

environmental awareness In science lessms, there are also environmental
topics in order to emphasize the relationship
between human and nature. | try to help my
students to comprehend the importance of the
relations between human and nature. In this
regard, | try to help my students to gain
envDUOOOI OUEOwWEPEUI O1 UUS

2 1 O BbdiefdJabout the central and peripheral goals of science teachingcompletely
overlapped with the orientations that she chose as parallel to her science teaching.
Hale expressed that the scenariosrelated to the didactic, conceptual change,
academic rigor, curriculum goals and the educational system based on examination
corresponded to her science teaching.Although she chose the conceptual change as
her orientation to science teaching at 8 grade, it could be obviously seen that her

explanation was not appropriate to the definition of conceptual change.
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When she was asked why she selected those scenarios, Selda stated that the
scenarios shared a common characteristic, which is being teachercentered. She
expressed that there is a limited time to complete the topics before the national
exam. She, therefore, complained about both the overloaded curriculum and
educational system based on the examination. As a result, she cited that those
scenarios can be matched for her s@nce teaching at 8 grades. 2 1 O Esamplé

quotas related to these scenarios can be seen iable 4.49

Selda (S): The common feature of the activities in these cards is to be designed in
order to give intensive curriculum knowledge in limited time. The a ctivities are
teacher-centered. These limited activities can only be done because of our
examination-based education system. Neither | nor the students can do more
activity at 8t grade. | need to have control the time because | have anoverloaded
curricul um that consists of subjects that should be completed before the TEOG
exam. If | have additional time, | want to do different activities but we have to
prepare our students to the national exam. Their families and the school
administration force us to prep are the students for qualified Anatolian high
UET 00006
Selda pointed out that she could not utilize the remaining scenarios, including
activity driven, discovery, conceptual change, academic rigor, guided inquiry,
project based, inquiry, process and liberation due to their student -centered nature.
She explained that such scenarios required time and not suitable for crowded
classrooms. She EOUOQw O1 OUPOOI Ew Ul T wUI EET T UUzwEOEWU
national exam, the overloaded curriculum, and the con text of the school were most
important factors to be done these activities. 2 | O Es&ngple quotas related to these

scenarios can be seen imable 4.50

Observation data (the teaching of the biogeochemical cycles) revealed that his
teaching was generally based on lecturing as well, although she varied her teaching
with daily -ODi 1T wl REOx Ol UOwi PT UUT UwWE OE w@istanditgp OO U w U C
of the basic concepts. Sk did not use any subjectspecific strategies (orientations)
apart from the direct ins truction. H er teaching was generally structured, sequenced

and led by herself which was line with his orientations.
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4.32.2.2 1 O Bdawlédge of Curriculum

4.32.2.1.2 1 O Bdagwlgdge of Goals and Objectives

In the Science and Technology curriculum (2005), there was only one objective
specific to the topic of biogeochemical cycles, which is students are able to explain
biogeochemical cycles parallel to the energy flow in the food (bhalNE, 2005, p.354).
The acquisition of this objective is closely related to the understanding of the
previous topic which is energy flow in the food chain. Hence, the objectives of
previous topic should be considered as a reminder to teach the topic of

biogeochemical cycles.

In the same way, Selda touched upon that the students should gain the objectives of

UTT wOOXxPEWOI wi O1 UT awi OOPwbOwUT T wi OOCEWET EPOwWwDPOw
biogeochemical cycles. Therefore, she stated that she often contrited whether her

students gained the objectives regarding photosynthesis, respiration, and nutrition

and energy flow in the food chain in her lessons. When Selda was asked the aim of

teaching of biogeochemical cycles, she responded by stating that she expeted her

students gain the relevant objectives in the curriculum, as well.

Researcher (R): What is your aim of teaching the topic of biogeochemical cycles?
Selda (S): In 8" grades, we simply present the biogeochemical cycles. |, as a
teacher, generally expect my students gain the curriculum objectives. What are
they? For example, | want them to learn that matter cycles are important to the
continuation of life. Also, they sh ould learn the consequences of the deterioration
of these cycles. Thus, ffirst begin with the concept of cycle and the features of the
carbon, hydrogen, oxygen and nitrogen. Then, | generally explain the processes
in each cycle, and the factors that can #ect the continuation of the cycles.
Additionally, these cycles includes the processes such as photosynthesis,
respiration, the flow energy and food between the organisms. So, | consider the
EEUEOOWEOEwWORaT I OWEAEOI Uw( wPEOUwWUOwWEUOwWOawUUUE
U T wxT O0OUaOUT 1 Updoe berFewl).] UxDUEUDOOS
Selda also pointed out that she expected her students to gain some affective
domains, indicated in Table 451, in addition to the curriculum objectives. She
UUEUI EwUT EOwUTT wOUPT EwUOWUEDPUT wOT1T wUUUET O0UZ we
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resources in balanced way. She also underlined that sheexpected her students to
comprehend the environmental problems as a result of disruption of the cycles. She
cited that students should gain environmental awareness for the continuation of the

matter cycles.

S: | focused more on the environmental awareness in such topics. | want my

students to know that natural resources are limited and we need to use them

carefully and in balanced way. Students should understand the environmental
consequences caused by problemsin the matter cycles. It is important to find

solutions to the environmental problems they often face in their daily lives. |

want students to learn to take responsibility in order to ensure the survival of the

cycles. We discuss what they can do individUE O O0a wi OUwOOUI[aoeDYEE O]
Interview].

Table 4512 1 O HrifepdeduDbjectives Related to Topic of Biogeochemical Cycles

Intended Objectives

To comprehend the importance of the balanced use of natural resources

To raise environmental consciousness for the conservation of the natural resources

To recognize what needs to be done for the continuation of the biogeochemical
cyclesas an individual

Uwi E U w Et¢hanihd oddydies Wwhsuexamined, it was observed that she tried to

biogeochemical cycles. For example, during her lesson on the carbon cycle, Selda
underlined the use of renewable energy sources and planting more trees in order to

decreasethe carbon emission to the atmosphere.

S: We said cycles are important for the continuation of life but we influence the
cycles consciously or through indirect ways. Now, in your opinion, what are the
circumstances in which people have a negative impact on the carbon cycle?
Std1: We burn and cut off the forests.

S: Yes. True. What else?

Std2: For example, we burn wood and coal in our homes.

S: Yes, we use fossil fuels too much. What happens if we use fossil fuel?

Std2: More carbon is released. The cycle is adversely affected.

S: Then you have to either increase the oxygen to compensate or not to release
more carbon. What should | do?

Std3: More afforestation is required.

Std2: More plants are needed.
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S: Yes. We need reforestation Likewise, | need to reduce the use of these non
renewable fossil fuels because these resources should be balanced. Then what can
we do to prevent the consumption of these resources?

Std2: We can use renewable energy.

Std1: We can use solar energy.

S: Well done. We need to use renewable energy sources and plant more trees. We
should be respectful and sensitive to the environment...[Classroom Observation].

Regarding the horizontal relations to the topic of biogeochemical cycles in the
science and techndogy curriculum, Selda emphasized that she expected her
students to learn the previous topics of photosynthesis, respiration and energy flow
in food chain energy flow in food chain, before the introduction of the
biogeochemical cycles.When Seldaz U w U Ig Bffeycl®sGvas examined, it was also
observed that she often recalledthe above-mentioned topics during her teaching of

carbon cycle.

When the vertical relations to the topic of biogeochemical cycles were taken in
consideration, SeldaE PE wOOU wdOl OUPOOWEEOU O wWUT 1 wUUUET OUUZ wx Ut
the topics of physical and chemical changes in the 6 grade, elements and
compounds and basic building blocks of living things in the 7 * grade. However, in
her teaching of biogeochemical cycles, it was observed that Selda touched briefly on
the required topics. For example, at the beginning of her teaching of carbon cycle,
she helped her students recall their prior knowledge related to the organic and
inorganic compounds. In the same vein, Selda expected her students remind the
topic of physical and chemical changes to introduce the evaporation and

condensation processes in the water cycle.

When asked the presentation sequence of the cyclesSeldawas aware of the place of

the topic and the sequence of the subtopics. She stated that the curriculum

presented the cycles respectively water cycle, carboroxygen cycle and nitrogen

cycle. She expressed that she alséaught the cycles in the same sequene with the

curriculum. In her teaching of the cycles, it could be seen that she did not change the

sequence of the subtopics, too. However, she also pointed out that she can

UOOIT UPOT UWET EOT T wUOT T wxOEET woOil wiOTT wOOMPEWEEUI EwO(
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other words, Selda expressed that she can modify the curriculum in order to ease

I T UwUOUE]T OOUUz wUOET UUUEOEDOT 6
4.32.2.2.2 1 O BKaagwleédge of Materials

In terms of resources used, Selda explained that she hasactively used the textbook
and student exercise book to teach the biogeochemical cycles. Sh underlined that
she generally used the textbook to both follow the curriculum and repeat the cycles.

Additionally, Selda pointed out that she preferred the use of student exercise book

tobT 1 UT T UwOT 1 wU U U Bfithd (opicz(TablenB). UOUUE O E

Table 4.52 2 1 O EAEnzollUsing Teaching Sources

Sources that teacher use Aim of using in teaching

Textbook To follow the curriculum & To
repeat the related topic

Student Exercise Book 30wl YEOUEUT wOT T wuUO!l
understanding of the biogeochemical
cycles

During her teaching of biogeochemical cycles, it was observed that Selda actively
used the textbook to transmit and repeat the concepts and processes of the
biogeochemical cycles. She wanted one of her students to read the related part of
textbook and then she repeated the knowledge given in the curriculum. At the end
of the teaching of cycles, she expected her students makethe questions and

activities in student exercise book.

~ s A N o oA A ..

} 61 8t dw21 OEEzUw* OOPOT ET 1 wOi w( OUUUUVEUDPOOEOOuW

Qu
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In this section, the knowledge of instructional strategies of participant teachers was
reported in two categories namely, knowledge of subject specific strategies and

knowledge of topic specific strategies.

} 61 8t Bhud w21 OEEzUw* OOPOI ET 1 wOl w2UERN]I EQw2x1 E

Qu

K

Selda stated that she mostly used direct instruction and questioning method. She

pointed out that she expected her students to read the textbook before the
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introduction of the new topic. Then, she addressed that during the lesson; she
always started with the questioning and let her students to share their ideas about
the topic. Then she explained that she continued to teach the topic by the help of

drawings and daily life examples through the lecture.

Researcher (R):How do you teach the topic of biogeochemical cycles? Which
instructional strategies do you use in general?

Selda (S): First of all, | want my students to read the related topic from textbooks
or other sources before starting a topic. | ask questions and they share their
opinions. | try to ask questions that are related to their daily lives. Then, as the
order of each cycle comes, | draw and describe them verbally. | want them to
note on their notebooks. | usually draw the figures in the textbook. And finally, |
want one of my students to read the knowledge in the textbook. | explain the
concepts again when necessary. If | have a time, | choose some students
randomly and wan t them to summarize the relevant cycle. Moreover, | especially
solve the retired questions related to the cycles [Core Interview].

Observation data also revealed that Selda generally used the direct instruction to
explain the important points related to t he biogeochemical cycles.As she stated, she
also mostly preferred the questioning method only understand what they learn

about the topic. She generally expected her students to summarize the related cycle.

When 2 1 O Beachibg of biogeochemical cycles was examined, it could be seen that
the main characteristic of her teaching was its teachercenteredness She generally
used questioning and direct instruction to transmit the content knowledge to

learners. Her teaching was generally based on lecturing. She did not use any
student-centered strategies like 5E Learning Cycle, Conceptual Change Approach

and Guided Inquiry etc.
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4.32.3.2.2 1 O BKagwlédge of Topic Specific Strategies

Knowledge of topic -specific strategies of participant teacher was presentedwith two

sections as; knowledge of representations and knowledge of activities.

4.32.3.2.12 1 O EKaawlédge of Representations

Results showed that Seldaonly used the representations like drawings, illustrations
and examples in order to aid students in developing the comprehension of the topic
of biogeochemical cycles. She actively used the board to draw the figures (Figure

4.24, 4.25 & 4.26 to represent the concepts of hydrologic, carbon and nitrogen

cycles.
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239



7 Corvworcdioxide
7

. a2

/ ‘%
A
/ {/ilei?" oo ‘}\
»e :(‘k.

{ i P 3\0&)68"#‘4‘ ALY
Dec DS 1O : |
C Dex \YQ\‘LW P —

N Fa-taicy 27
/ - C(,..- ~/

/

Dol s i 1
/ / ; \J b [ .._-‘w.ﬁ‘ugg}.( / P4

R g
Q

[l
1055

-Q\\,,L \...)

%

. Dend ") lonta i /"
_ ok /
FoTat § 1% LIRS ;‘/
i

T BLATY AN Wb i o N A STt 2 e

Figure 4.25 2 | O BDEawithwsed to Teach the Carbon Cycle

s CC e [

Li 3“'“’\8

Ncoepaous ey Dead
Rociena oy e

% de Nelp od-+4he.
botdeaa, ateoiphenc adigsen
IS corloined with othner clhevigolls

Figure 4.26. 2 1 O EDEawgitbhWsed to Teach the Nitrogen Cycle
240



EEPUDPOOEOOaAOwW?2] OEEwWUUI Ewi 1l UwUUUET O0UzwxUI L
biogeochemical cycles.She gave chance her students to present their work on the
cycles. She repeated thehydrological, carbon and nitrogen cycles using the

illustrations (Figure 27 -28-29) in the presentations.
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Figure 4.270 ww 2 lllWtEaton Used to Repeat the Hydrological Cycle
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Figure 4.28 w2 | IuStEAtpWsed to Repeat the Carbon Cycle
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Moreover, she rarely gave daily life examples to support the comprehension of

students. For example, d&J w UT 1T wUOl EET DOT woOl wi aEUOOOT PEEOWEAEO

attention to the consequences of human based degradation of the cycle; she

exemplified the excessive consumption of the water resources in metropolitans.

S: What are the positive and negative impacts of humans on the water cycle?

Std: Global warming.

S: Global warming. Yeah. What is the impact of global warming on rivers,
streams and lakes in our country?

Std: They are getting dry.

S:Forexample,( WUEP wUT 1 wOEi®at thlével 6f ArbugHE BMiat else?
Std: Unconscious use of water resources.

S:Unconscious use. How do we consume water unconsciously?

Std: Contamination, for example, water is mixed with chemicals. The toxic waste
is mixed up.

S:Yes. There are many living things in the water. Apart from us, there are plants
and other living things that live in the waters. We will not pollute the water by
considering other living things. We'll be more conscious. It is very important to
use water consciously. For example, we unconsciously consume water resources
in the metropolis. When we brush our teeth, we leave the taps open, we spend a
lot of water while washing our carpets. This summer, the occupancy rate for
dams is expected to decrease in Ankara and Istanbul. The rainfall was lower than
previous years. If so, we have to use our water resources consciously [Classroom
Observation].
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4.32.3.2.22 1 O EKaawlédge of Activities

Seldadid not include any activities regarding the topic of biogeochemical cycles in
her lessons. She used the representtions rather than activities. Although she
wanted to do the activity related to the hydrological cycle in the textbook, she could
not perform due to the absence of the equipment. Ste stated that she could only
give examples and draw figures because of ter U U U E Idi€itdetestea attitudes. In a
result, Seldaexpressed thatshe did not conduct any activities found in the textbook

and student exercise book.
432.4.Seldaz Uw* OOPOIT ET 1T wOIi w2UUET OUUz wa OEI UUUEOQGEDO

STDUWEOOxOOI OUwOil w/ "*wi OEVUI Uw OOwUT 1T wOIl EEIT
students develop specific scientific knowledge. There are two subcomponents:
requirements for learning and areas of difficulties. In this section, Seldg UwOOOP O1 ET 1
Ol w Ol E U Oistandigguregabding the topic of biogeochemical cycles was

presented.
43.2.4.1Seldaz Uw* OOPOT ET 1T woOi wil gUPUI O1 OUUwi OUw+1 EU

UwOi OUDPOOI EwbOw?2il OEEZz UwOOOdly Qdtedl that st@énts EUUUD E |
should comprehend the topic of energy flow in the food chain to learn the topic of
biogeochemical cycles. On the other hand, Selda did not mention about the
UUUET OUUZ wx UDOU w OO Gapidd of physicalldnddhdimicll ehein@as;UT 1 w
elements and compounds and basic building blocks of living things regarding the

vertical relations of the topic.

Researcher (R):What prerequisite knowledge do students have to learn the topic

of biogeochemical cycles?

Selda (S): Students first need to know the energy flow and food chain. They

should know that li ving things such as producers, consumers and decomposers
are connected to each other. Photosynthesis and respiration are important
processes that the student must know especially for the understanding of the

carbon cycle. Again, we repeat the issues such a how energy is transferred

between organisms and how energy is obtained in ecosystems. For this reason,
before | begin the topic of matter cycles or during the teaching of the cycles, |

243



remind to the students these topics in order to ease their understanding of the
E a E Q[CdReé Interview].

As she mentioned, observation data deduced that Selda generally considered both

vertical and horizontal pre-requisite knowledge to aidherUUUET OU0OUz wOl EUODPOT woi
new topic of biogeochemical cycles, as well For instance, she controlled her

UUUET OUUzwxUPOUwWOOOPOT ETT wOOwWUTT wi 61 Ul awi OO6bpwbHOb
the new topic of biogeochemical cycles. She expected her students to remember the

relations between the biotic (producers, consumers, decomposrs etc.) and abiotic

components in the ecosystems.

S: Yes, we will start the carbon and oxygen cycle. Tell me where does oxygen
exist in nature?

Std: 21% in the atmosphere, my teacher.

S:Yes, what else?

Std: Produced in photosynthesis.

S: How do the plan ts produce oxygen?

Std: Plants take CO: from the air. They get water from the soil and produce
oxygen and nutrients.

S:Yes. They produce nutrients and oxygen with the help of sunlight and
chlorophyll in their structure. So where is used the products of ph otosynthesis?
Std: Respiration.

S:Yes. What are the products of respiration?

Std: CO2 and water.

S:Yes. Absolutely. These events are the opposite, aren't they? We learned these
issues [photosynthesis and respiration] in the previous topic. As you can see,
carbon and oxygen return in nature through the processes of photosynthesis and
respiration. [Classroom Observation].

Moreover, si 1 WEOOUUOOO! Ewli 1 UwUUUET OUUzwxUDPOUwWOOODPOI EI
blocks of living things before the introduction of carbon cycle. Furthermore, she

reminded to her students the physical and chemical changes during her teaching of

water cycle.

S: 0 Well, first, let's focus on the water cycle. Why doesn't the water in the world
run out? How can the amount of water remain constant?

Std: With the water cycle.

S: So what happens in the water cycle that the waters remain constant?

Std: First it is raining b ut then the water evaporate and return as rain or snow
again.
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S: Yes. Evaporation. You have learned it in the topic of state of matter. We know
the water can boil at a certain temperature but evaporate at any temperature. Do
you remember?

Std: Yes.

S: The water falls as rain, snow to the land, then evaporates again and returns to
the atmosphere. Well, what is evaporation, physical or chemical change?

Std: Physical.

S: So, the snow, the hail, the rain, they're all solid and liquid states ofwater. The
structure of water is unchanged, only its state changes in the water
cycle6 " OEUUUOOOw. EUI UYEUDOO¢ 6

On the other hand, Selda considered her U U U E | néitbie skills, abilities nor

learning styles. She generally, touched upon her U U U E IreQuitéhgents for their

conceptual understanding.

4324221 OBEQROPO1 ET 1 woOi w Ul EVwOi w2U0UET OUUZ w# DI i1
Selda stated that her students did not have any difficulty or any misconception in

the topic of biogeochemical cycles. She mentioned that students were generally

insensitive to the environmental topics. She complained that students were not

familiar to environmental issues in their daily life, thus the transformation of their

environmental knowledge to the environmental at titude was difficult.

R: Do students have learning difficulties that affect your teaching about
biogeochemical cycles? This may be misconception or partial understanding. At
what points do students have difficulties?

S: They [students] can understand thi s topic easily. We repeat it many times in
the classroom. We read again from the textbook at the end of the teaching. They
also solve the questions in the student exercise book. They don't have any
difficulty. Many students already know the topic because t hey are prepared for
the TEOG exam. On the other hand, students are not interested in environmental
topics in general. They are actually close to such issues. These issues are not
talked about in the family, and visual and written media cannot give wide
publicity to them. That is, students cannot encounter such issues in his daily life.
They only learn at school, in class. Therefore, no matter how hard we try to teach
in the lessons, students are unable to apply their learning to their life. It is really
hard to create an environmental consciousness and make it turn into behavior.
We try to raise awareness for students on environmental issues and expect them
to be conscious in their daily lives. But how far can we, as a teacheraccomplish
this? This is an issue to be discussed for me. [CoRe Interview].
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4325.Seldaz Uw* OOPOT ET 1T wdIi w UUI UUOI 66U

This category of PCK includes two subcomponents namely; knowledge of

dimensions of science learning to assess and knowledge of methods of assessment.

Seldaz U w O O GexwiabsEssment regarding the topic of biogeochemical cycles was

presented in this section.

K6t 61l 6kdhdw2l OEEzUw* OOPOI ETT wOi w#bOl OUPOOUWOI w2E
to Assess

Seldg Uw OOOPOT ETT woOi wEUUI UUOT O0Uw OOw UUUET OGU0Uz w Ol E
dimensions of conceptual understanding, NOS understanding and the connections

of sustainable development issues regarding biogeochemical cycles. Seldastated

that during the lessons, she considered whether the students understand the

concepts given in the curriculum . Therefore, she emphasized that she preferred to

evaluate the conceptual knowledge that students were supposed to learn in the

curriculum during the lessons.

Data gathered via observations also revealed that Selda generally focused on the

assessment in oder to evaluate her UOUUET OUUz wEOOETI x UUEOQwWUOETI UUUEOEE
assessing other types of domains such assustainable development (SD) and NOS

understanding. It was observed that she used questioning either to reveal her

U U U E | dorigeptgial knowledge or monitor their prior knowledge during her

teaching of biogeochemical cycles. For instance, before the teaching of carbon cycle,

she expected her students to summarize the previous topic of hydrological cycle

briefly. Moreover, she tried to help the studen ts to catch the missing points on the

processes of the water cycle.

S: So we have finished the water cycle. Who will repeat the water cycle? What is
the water Cycle?

Std: Once the water on the earth evaporate and when it hits a cold layer in the
air, it condenses as a cloudand then come back to the earth as rain or snow.

S: Clouds will form.

Std: Yes, then the water turns back to the earth with types of precipitation of
snow, hail or rain. Therefore, the water cycle is completed.
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S: How do plants and an imals contribute to the cycle?

Std: By respiration, they actually give water to the air in the form of vapor .

S: Yeah. Who wants to add something else? Did you understand the water cycle?
Yes. Now let's do the activity on page 137 in your exercise book. After that, we
will answer the retired questions in TEOG exams about this cycle..[Classroom
Observation)].

Some questbns that Selda used to assesshed UUET OU0UUz wOl EUOPOT welUDO

of biogeochemical cycles were presented below in Table 4.53

Table4.532 | O BSEmpld Questions®w UUT UUw2U0UETI OUUzw+1 EUODOT

Questions

What is the importance of water for living things?

How the plants and people contribute to the water cycle?
What are the sources of thecarbon in nature?

Where are fossil fuels used?

Where is the nitrogen found in the structure of living things?

43.25.2Seldaz Uw* OOPOI ET 1 wOi w, 1 U7 OEVUwOi w UUI UUOI OC

Seldastated that she preferred the traditional assessment methods namely, informal
questioning and written exam. She underlined that the exam questions were
prepared by the all science teachers and asked to all students in 8 grade in the
school. Therefore, sheemphasized that she could only use written exams which
include multiple choice, true/false and open-ended questions to evaluate her
UUUET OUUz wEODEIT x URuthé@mokeOdhd dddieddediiamxi@ linformal
questioning was used to either recall the prior knowledge of students or reveal the
UUOUET OUUz wOIi EUOD OT ShetnisawidderlinecEtiatisbd h@sttawevaidiatd E & w
whether the students gain the curriculum objectives because of the national exam.
Thus, she stated that she solved the retired questions asked in TEOG exams related
to the biogeochemical cycles. On the other hand, she did not mention any
alternative assessnent methods like concept map, structured grid, peer or self-
assessment.
R: Ul wUOTT Ul wEGawUx] EPI PEWOI U1 OEUwWwUT E0waodlu
learning on the topic of biogeochemical cycles? How do you use these methods?

S: We hold three written exams per semester. For example, we prepare written
exam questions with the teachers in science group in common. Thus, we can
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measure what the student understands about the topics. During the lessons, we
use the questioning technique frequently to understand what the student has
learned.
R: Which type of questions do you ask in the exams?
S: There are multiple choice items and open ended items. Sometimes, we can ask
as fill in the blanks in order to understand whether the students can comprehend
the concepts.
R: Ok, then why do you assess in this way? What are the reasons?
S: In the science group of our school we prepare the lesson plans through the
curriculum. We are also concerned about the fulfillment of the topics in the
curriculum because of the TEOG exam. Therefore, we cannot evaluate the
student in the process of teaching. We don't have time for this assessment. We
have to apply such methods because we have an exarroriented education
system. We solve the questions in the textbooks in the classroom orgive them as
homework. Moreover, the classrooms are too crowded so it is not suitable to
Il YEOUEUI wUUUEI OUUwWDPOEDPYPEUEOOaGw( OwOUET UwUOuwI
can do only written exams or solve the questions that have been asked by TEOG
inthepUl YPOUUwal EVUUOG wWE" O11 w( OUI UYDI pb¢
During her teaching of the cycles, Seldaused the traditional assessment techniques
as well. She preferred both close and open ended questions to monitor her UUUET OUUz w
learning. Additionally, after the teaching of each cycle, she wanted her students to
write the summary of the cycle in the blank given in the student exercise book. It
was observed that she did not use any other assessment technique except the
questioning to monitor the O1 EUO1 UUz wUOET U U Uépl.Eshedid o T UOUT T wUOT 1
provide any feedback or review the points that learners have difficulties. In this

respect, the formative assessment was fragmented that does not go through the

whole topic. 6 T 1 Qw21 OEEz UwUUOOEUDPYI wEUUI UUQtadUwPEUWUEOI

El wUI 1 OwU0T EQwUT 1T wi OEVUT EwOOwWUOT 1T wEUUT UUOI OU0wOIi wul
at the end of the unit. She held a common exam consisted of twenty-five multiple

El OPEl wbUI OUBGwWw( OwUT 1T wi REOOwWUT T Ul wkl Ul wi O0Uw@UI |
conceptual understanding on the biogeochemical cycles. Additionally, she tried to

solve the retired questions in TEOG exam to understand whether the learners

comprehend the topic of biogeochemical cycles at the end of her teaching.In the

light of the explanEUD OOUWEEOYI Qw21 OEE z btwasGuinmaized T | wOl wEUUI

in Table 4.54.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this chapter, the findings of the current research were discussed in terms of

UEDI OEl wUI EET T UUZwUUENI EQWwOEUUI UwOoOOPOI ETT WEOE W
the context of education for sustainable development. In the light of the discussed

points, the conclusions of the results were made. Afterwards, the implications were

presented for pre-service and in-Ul UYDET wUEDI OETl wUI EET 1 UUz OwUEDPI OE
and curriculum developers. Lastly, some further researches on teacher education

were recommended in the light of the findings revealed in th e study.

k8 ud w2 EDI O BubjaecBNatieE Kriowlddge w

(OWOUET UwUOwUI YT EOQwI Rx1 UPI OEI EwWUEDI OETl wUI EET 1 UU;
sustainable developmi OUOWEOUT wUIl EET 1 WihractiEsbudiuras GtdE UUE OUD YT O1
SD understanding regarding biogeochemical cycles were examined. Thus, in this

x EUUOw UT T wUl U0UOUUwW Of wxEUUPEDxEUI Ew Ul EEI T UUZ w 2,

considerations of the findings in the literature.
(OwUl PUWUUUEaAaOwWUUEUUEOUDYI woOOOPOI ETlawUT I T UUw UG
understanding (basic concepts & processes) related to biogeochemical cycles. Based

on the findings of the study, it can be concluded that participant science teachers

had deficit conceptual knowledge in the biogeochemical cycles.

Specifically, all teachers had partial understanding on the carbon, hydrological and
nitrogen cycles. In terms of the carbon cycle, participant teachers had some
inadequate knowledge. For example, Kemal and Selda did not touch upon the
carbon cycle in aquatic systems. Altho ugh Hale implied the aquatic carbon cycle

during her teaching, her explanations were not substantial. Additionally, Kemal and
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Selda did not mention the algae and cynobacteria as producers. Furthermore, all

participant teachers did not address the major souce of carbon dioxide as oceans

and biomass. They also stated the sun as the energy source of photosynthesis not a
EUDYDOT wi OUET woOl wUOiIl wEAaEOI w6l 1l OwxEUUDEDXE
regarding the carbon cycle were compared to the explanations and the schemas in

the sciencecurriculum (MoNE, 2013), PUWEEQWE]l wEOOEOUEI EwUT EVwU]
understanding of the carbon cycle were accordance with the curriculum. For

I REOXxOI OwbPOwoODPOl wpbUTl wiT 1 wEl I PEPUUwWBMOwWUI EEI
cycle and other producers except the plants (i.e. cyanobacteria and algae) in the

carbon cycle were not covered in the science curriculum. Additionally, there is no

information about the major sources of carbon. Strikingly, in the cycle, the sun was

not referred even as an energy source.Considering the hydrological cycle, all

participant teachers had lack of knowledge that the sun and gravity were the

driving forces for the cycle. 6 1T 1 Ow xEUUPEDPxEQOUwWUI EET T UUzwUU
regarding the hydrological cycle were compared to the explanations and the

schemas in the science curriculum (MoNE, 2013), againijt can be concluded that the

UEDPI OEl wUI EET T UUzZwUOGETI UUUEOGEDPOT wOHedThel wi aEUC
content of the science curriculum did not give place to the sun and gravity as

driving forcesaswell. + EUUOa OwUl I wUEDI OETl wUI EETT UUZzwUUEU
cycle were inadequate according to the scientific explanations. For example, none of

the teachers mention the cyanobacteria inaquatic systems as nitrogenous bacteria

and the sun as the energy source of the cycle in their both drawings and teaching.

611 OwxEUUPEDXxEOQOUwWUI EEI 1 UUzZwUUEUUEOUDBYI woobOOb
were compared to the explanations and the schemas in he science curriculum

@, O- 30wl Yt AOWPUWEEOWET wOEYPOUUOawUI 1 OwUlT EUC
OPUUOT 1 OwEAEOI wWEDPIT1UI OUEUI Edw*]1 OEOQwWEOEW ' E
curriculum whereas Selda had lack of knowledge in accordance with the

curriculum.

251



In the light of these circumstances, , it can be concluded that participant U1 EET 1 UUz w
substantive knowledge might be affected by the science curriculum. In this study,

Uxl EPI PEEOOCaAOQwWUI T wEUUUPEUOUOWOPTT UwUExxOUUwWUT I u
abovementioned components or processes of the cycles. In other words, the limited

EOOUI OUw Ol wUOTT wwll wi UEETI wUEDI OEl wUI RUEOOOwW OBI
substantive knowledge. This means that even if they were experienced, they may

forget the unused OO OP O1 ET T wOYI UwUDPOI 6 w3T PUwUI UUOUwWi bOUWPE
POUOwPT PET WEPOUWUOWUOET UUUEOEwWPT EUWOEEUUUWUOOwWUI
time. In their longitudinal study of seventeen -year, Arzi and White (2007) followed

twenty -two teachers from their first year of teaching onwards. Based on the findings

of their study, they concluded that school curricula which acted as both an

OUl EOP4&l UWEOEwWDHPOi OUOEUDPOOWUOUUET wi EEwbOIi OUI OEI Evu
significantly. Thus, they argued that CK became more coherent over time, while

unused CK was forgotten, and little new knowledge was developed. Therefore,

teachers become expert at teaching school science, leaving their academic science

aside.

Another salient finding related to participant teach | UUz wWUUEUUEQOUDPYI wOOOPOI ET
U1 woOl YT OwOil wUT 1 PUWUUEUUEOUDYIT wOOOPOI ETT 6w Uw' EC
biology, it was expected that their conceptual understanding on biogeochemical
cycles as an biology topic should be more substantial than Ki OE Oz UwUOET UUUEOEDOT |
*OP1 YT UOwPT 1 Qw01 EETT UUZ WEOOEI xUUEOWUOET UUUEOGEDOI
El wOEYPOUUOGawUI 1 OwUOl ECw*1 OEOZUWUUEUUEOUDYIT wOOObPC
better than Selda. For example, in nitrogen cycle, Selda did not differentiate the
decomposers and nitrifying bacteria. Furthermore, she did not state the denitrifiers
as one of the nitrogen bacteria in the cycle. Therefore, her explanations about the
processes of nitrification and denitrification were not substantial. In that vein, it can
be concluded that Kemal had more successful than Selda in terms ofundertanding
and teaching the biogeochemical cycles which is the topic in his non-specialist

subject area. Thismeant that he was forced to learn the topic of biogeochemical
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cycles in detail, and seek help to teach effectively in his nonspecialist subject
teaching. Kind (2009) illustrated this result in her study investigating how science
teachers respond in developing expertise to teach outside their specialism. Thus,she
UT Obpl EwUT EUw UElesbofsEin theld hda-BpedialistUsgiemces were more
successful than those taught within specialism. A significant contributory factor was

that the teachers made more effort to learn the topic and received more help in

preparing their non -specialist science lessonglingber, 2009)

Secondly, the UEDI OEl w Ul EET 1 UUz w UOET UUU medeE®OT w Of w «
investigated as syntactic knowledge (Schwab, 1964)in the current study . Consistent

with previous research findings ( Abd-El-Khalick & Lederman, 200Q Akerson &

Abd -El-Khalick, 2003 Brickhouse, 1990; Cullen, Akerson & Hanson, 2012 Dogan &
Abd-El-Khalick 2008; Lederman, 1992; Lederman, 1999;Liu & Lederman, 2007;

2ET PEUUAOW6BT UUI UOUOE O w ShEnl Eoarg, O&u RaoluGeiE 20000 U O w | Y
Tairab, 200)) in-service science teachers possessed inadequate conceptions of NOS
POwEUUUI OUwUUUEadw/ EUUDEUOE Uéhtatdeurdtre BT 1 UUZ w
scientific knowledge , differences between UT | OUDI UWEOQEwWOERINQWUEDIT O
Participant teachers realized the tentative nature of scientific knowledge and

implied that scientifi ¢ knowledge can be changed by the new interpretations of

existing knowledge. On the other hand, when asked whether theories or laws can be

changed, their responses related to theory change were not associated with a

tentative view of scientific knowledge . Rather, they reflected a naive view of

theories as an intermediE U1 wUUT x wuPOwUT T wi 1 601 UEUPO&®WOI ws U
laws (Abd-El-Khalick, 2005). Thus,ti T awil | OEwEwWOECYI wUOEI UUUEOQE
absolute knowledge giving examples from laws in physical sciences such as law of

gravity, law of motion, and law o f thermodynamics. This misconception might have

resulted from the deterministic nature of the physical laws (Mc Comas, 1998).In the

physical sciences laws are typically deterministic because the connection between

the cause and effect are more securely linked (McComas, 1998). Thus, teachers are
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EOOI PEI OUwOi wUOT 1 PUWOECY! wUOET UUUEOGEDOT woi wOEPUwI
Therefore, participant teachers ascribed to a hierarchical view of the relationship

between scientific theories and laws whereby theories E1 EOQOOI wOEPUwPT I OQws xUOVYI
OUUI zwpkT PET wUI | Miscéntepriand in theuNOS Edpéct obflihgtions of

and differen ces betweentheories and laws (Bilican, 2014; Demirdogen, 2012; Dogan

& Abd -El-Khalick, 2008)

Next, teachers had common myth that there is one universally accepted scientific
method. In other words, teachers thought that scientific method should include
tit UOUEEOI w xUOET EVUUI UBw 31THPUw OPUUOGEI UUUEOGEDPOT w EEU
experimentation is only route to obtain true scientific knowledge. Furthermore,
Ul EET T UUz w 0D U U Qiiversd) eiedtiid Ddthad Oéduto their naive
conceptions that scienceshould be objective. On the other hand, the contributions
from both the philosophy of science and psychology reveal that complete objectivity
is impossible. Especially from the psychological perspective, the notion of theory -
laden observation hinders scientist to be objective (Lederman & Abd -El-Khalick,
1999. Besides, scientists hold myriad personal values, preconceptions and prior
experiences about the way the world operates. This is an unavoidable subjectivity

that allows science to progress (ederman, Schwartz, Abd -El-Khalick & Bell, 2001).

Moreover, UEDIT OET wUIl EET 1 UUz w O a Grhedtionddhad infleiencel | O1 UUWEEOY
on their conceptions of empirical, inferential, and creative -imaginative NOS tenets.
%OUwl REOXx Ol OwUI EET I UUz wo dtiflentede iseeking G@actOi wUOD YT UUE
answer led their views of creativity in science. As a result of the discussion on
participants Ul EET 1 UUz w- . 2 witdik besaldtBaDiE i® thpoSsible to
argue that NOS tenets are independent from each other. To beable to say that
teachers have sophisticated views of NOS, they should be deeply informed in all of

the NOS tenets(Akerson & Abd -El-Khalick, 2003;Cen, 2014.

In the light of these circumstances, in this study, participant U1 EET 1 UUz wOEDY 1 w- . 2

views might be related with their educational backgrounds including their primary,
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secondary and undergraduate education. Specifically, the sciene approach in

science textbooks andthe structure of laboratory activities which they exp erienced

along with their educational lifes and the lack of familiarity of NOS courses in their

college education might be important reasons for participants UED1 OET w Ul EET |
naive ideas on NOS. First of all, as being student,x EUUD E D x E kparigices ET 1 UUz
on laboratory activities during their previous education might have led to their

inaccurate NOS views. Unfortunately, many common science teaching methods

such as laboratory activities serve to work against the creativity in science (Abd-El-

Khalick, 2005;McComas, 1998).Starting from primary level to undergraduate level,

the majority of laboratory works are verification activities. The laboratory manual

provides step-by-step directions and students are expected to perform activities,

make observations and then arrive at a particular conclusion. There is an

expectation that the conclusions formed will be both self-evident and uniform.
Consequently, the laboratory activities promote the misconception that science is

procedural and objective (Bilican, 2014; Aough, 2006). In his book, Tobias (1990)

argued that students are not given opportunities to see scienceas an exciting and

creative pursuit in the laboratories. Thus, due to the way of teaching science,

participant teachers could have misunderstanding of nature of science in their

student years. The depiction of science in the textbooks might also causeparticipant

Ul EETT UUz wbOEEIT @UE U IEuKNabck, MMaterO& Le,- 2008;uBiixart E

2014; Clough, 2006; Irez; 2009; Vesterinen, Aksela, & Lavonen, 2011). The studies

just showed that the way of nature and aspects of science portrayed in science

textbooks have many problems. Textbooks introduced the science as a procedural

process seeking facts. Additionally, they either neglected NOS aspects or reflected

inaccurate NOS views (Irez, 2009; Vesterinen, Aksela, & Lavonen, 2011) Therefore,

these problemsrelated to science textbooks which introduced at their any education

level impeded participant U1 EET I UUwU O wx OU Uding daod Ea@ié ofw UOET UL
science.Moreover, the absenceof NOS courses in their college education might be

another reason hindering teachers to develop NOS understanding. As known, the

courses related to the history and nature of science has been integrated to the
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teacher education programs in Turkey, recently. Throughout the well -organized
method or elective courses in science teacher education, teachers are given
opportunities to discuss and reflect on the various aspects of NOS within in the
different contexts. Thus, NOS is made pervasive theme for teachers by means of
teacher education (Abd-El-Khalick, 2000; Bilican, 2014). As the participant teachers
in the current research had experiences more than twenty years, they might have
been a lack of familiarity of NOS courses in their undergraduate level. Hereby, they

could not possess conceptual understanding of NOS.

In this study, participant teacherswere expected to reflect NOS aspectsinto their

practice regarding the topic of biogeochemical cycles. However, none ofthe teachers

could translate any NOS aspects into their teaching. Since the rudimentary subject

OEUUI UwOOOPOI ETT wPEUWEOOUDPET Ul EWUOWET wOOT woOi wUOi
integration NOS effectively (A bd-El-Khalick, & Akerson, 2003; Schwarzt &

Lederman, 2002), the argument that teachers did not translate their NOS

understanding into their classroom settings was an inevitable result of the current

study. Especially, the teachers had lack of knowledge abait the embedded NOS

views regarding biogeochemical cycles. For example, when asked whether

greenhouse effect is theory or law, although they explained the greenhouse effect

correctly, they failed to understand that it is a theory (Ramanathan, 1988; Wilkins,

1993) because of their misconception on the functions of theories. Thus, the

emphasis is that teaching about NOS requires science teachers to havenorethan a

superficial knowledge and understanding of NOS aspects (Abd -El-Khalick &

Lederman, 2000). here has been an consensus among researchers in educational

field that deep conceptual understanding of subject matter is a necessary and crucial

EOOx OOl OUwOi wUI EETTUUZwWwOOOPOI ETT wWwEOCEWxUOI 1 UUDO
(Abell, 2007; Abd-El-Khalick & BouJaoude 1997, Aydin, 2012; Grossman, 1990;

Magnusson et al., 1999; Shulman 1986, 1987; NRC, 1996; 2000). On the other hand,

these studies also concluded that subject matter knowledge is necessary but not

sufficient requirement for t eaching effectively. Even if teachers had desired NOS
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understanding, they could not translate their beliefs into the instructional practices

(Abd -El-Khalick, & Lederman, 2000; Lederman, 1992, 1999 uft & Roehrig, 2007).

There is a variety of factors cond UED Ol EwUT | wOUEOUOEUDPOOwWOI wUli
practices except from the conceptual understanding. To be able to teach NOS,

Ul EETT UUwOUUOwWDOUI OEWEOEWET OPI YT wUOT 1T awEEOwUI
and abilities to learn NOS and must have the pedagogical knowledge base for

teaching NOS (Schwartz & Lederman, 2002). In other words,U1 EET 1 UUz wOUDBI OO0
EQEw/ " *wi OUw-. 2wEUI wbOx OUUE OU anélafida 0fahgi) wUT E O w
views on NOS into their teaching practices (Clough, 2006; Hanuscin & Hian, 2009;

Hanuscin, Lee, & Akerson, 2011; Lederman, 2007). The vision of the science

curriculum is to educate learners as scientific literate individuals (MoNE, 2013) and

the nature of science is an important element of scientific literacy. Thus, to help

students possessan understanding of NOS, science teachers have ancrucial role.

However, participant teachersin this study did not intend to teach NOS aspectsin

their teaching of biogeochemical cycles. When their orientations were examined, it

could be seen thatthe scienceUl EET 1 UUz wEI OUUEOQwT OEOUwbPI Ul w
curriculum objectives or develop environmental awareness related to the
biogeochemical cycles They did not attempt to teach NOS in their lessons. In other

words, it can be said that participated teachers could not develop PCK for NOS

because of their lack of orientations to teach NOS. This result is in line with some

empirical PCK studies confirm ed that orientations to teaching science may function

as either an inhibiting or facilitating factor in the interactions among the PCK

components (Aydin, 2012; Bilican, 2016; Demirdogen, 2016;Magnusson et al. 1999;

Sen, 2018. Therefore, in here, the abseDET w Ol wUl EET 1T UUz wOUDI OQUEUH
constrained their PCK for NOS. A great deal of research has also indicated that

science teachers should be provided with opportunities to develop not only their

understanding of NOS, but also their ability to tran sform this understanding to

facilitate student interpretation in the classroom context (Abell 2008; Akerson et al.

2006; Haunscin et al. 2011Hanuscin, 2013.
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+EUUOGaOw POw UT 1T w EVUUI OUw Ul Ul EVUET Ow w UEDI OET w Ul
investigated as a semrate subject matter knowledge type. Based on the

interdisciplinary nature of SD concept, the study investigated how science teachers

connect the biogeochemical cycles and sustainable development issues regarding

the seven main aspects of SD namely, envirmment, society, economy, politics,

technology, education and energy. ToDETl OUPIi awUEDI OEl wUIl EET 1 UUzwEOOD
they were asked to explain the causes, results and solutions to the degredation of

the biogeochemical cycles. As can be seen from the finéhgs, seven main conceptual

EUIl EUwPEI OUPI Pl EwEaw* POPOEWEOEwW aEPOwpl Yht Awb1 U
sUOEPI UazOws xOOPUPEUzOws1 O1 UT azOws Ul ET OOOOT az Owk
SD issues was not understood exclusively in terms of the environment or the three

popular pillars (the environment, society, and the economy) of SD. Nevertheless,

Hale and Selda mainly focused the environmental, societal and economic aspects of

SD respectively, whereas Kemal addressed the political issues mosly as third aspect

of the SD. Thus, even though some research assumed that people do not take
sxOOPUPEUzZ wbOUOWEEEOUOU wiedaetd. 263)pthid studyE OU U w 2 # w pl
displayed that science teachers used political arguments in defining SD.

Add itionally, teachers connected SD aspects to the carbon cycle. Especially, Selda

and Kemal did not related the nitrogen and hydrological cycle with the related SD

concepts and issues.

(DWEEOQWETl WUEPEwWUT ECWEOUT wi OUOEOwWI EVEEUPOOwWOI WwUEE
and their informal education through written and digital media (TV, newspapers

and internet) may be responsible for this variety of the SD conceptins of the science

teadchers. In terms of formal education, as participant science teachers studied in

middle public shools implementing Eco -Schools Project, they might be familiar with

the all conceptions of SD. On the other hand, both the science curriculum in Turkey

and both Ecoschool programme were based mainly on biophysical and ecological

aspects of environment, so the result that science teachers moslty defined SD in

terms of the environment. In that vein, Summers and Childs (2007) investigated
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Ul EET 1 UUz wE O fdinbbte Wéeyédprdent @ding GuBstionnaire in secondary
science teacher training course. In line with the result of the study, they argued that
substantial number of science teachers focused the centrality of the environmental

factors while explaining the s ustainable development.

Regarding informal ESD, research showed that that both the students and the
teachers mostly learn the information about environmental issues via print and
YDUUEOwWOI EPEOQwI Uxl EPEOOGawUI Ol *Ymake<duEmps | ¢ YOENIAIS
instance, Kemal adressed the documentaries about the Al Gore and the news from
the activitists of GreenPeace in order to explain the environmental corcerns such as
global warming and greenhouse effect. Therefore, it can be argued that news or
documentaries about 5-year development plans, the SAP and environmental
degradation may lead to awareness among the science teachersin their study,
Kilinc and Aydin (2013) also concluded that development plans have received
attention in fora li ke political discussions in the Turkish popular media. For
example, Hale gave SAP as an example to explain the contribution of the project to
the local community. Thus, it can be argued that these kinds of excellent examples

may help teachers to cover allaspects of SD.

EEPDUDOOEOOGaOwWUI T wUEDI OET wUOI EET 1 UUZ WEOOEIT x UE
Their statements like having strong government, dependence on foreign traits,
production of new technology, industrial development for production, improvin g
living standards of the society and creating new job opportunities showed that
science teachers faced the current problems of Turkey as a developing country.
31T Ul i OUIl OwPUWEEOWET wWUEPEwWUT ECWEOOUI RUUEOQWUI
5.2.ScierEl w31 EET 1 UUzw/ 1 EET O1 PEEOw" 0001 OUw* 6OOp Ol E
(Ow OUET Uw UOw UT YT EQw 1 R x1 Upbdpdbific BOK tefamlind ET w U1 F
biogeochemical cycles in the context of education for sustainable development,
Ul EET lettalignsut® $tience teachingand PCK components namely, knowledge

of curriculum, knowledge of instructional strategies, knowledge of students
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understanding and knowledge of assessment were examined. Thus, in this part,
participant Ul EET 1 UdpecificlPOk BeE discussed based on the consideratins

of the findings in both the study and the literature.

+EE]I OPOT wUI EETT UUZwOUDI OUEUPOOUWUOwWU] EET DOT wUE:
dimensional and complex nature (Luft & Roehring, 2007). Friedrichsen and Dana
(2005) concluded that central and peripheral goals related to subject matter,
schooling and affective domain formed the orientations to science teaching at any
grade level. For example, in this study, Kemal and Selda were focused on both
subject matter and schooling goals. In other words, those teachers were attempted

to both transmit the curriculum objectives and prepare learners to high school
orientations were limited and teacher -centered such as didactic (le¢uring) and
academic-rigor. On the other hand, Halez UwE 1T O U U E GaunkltEedddmelrsitoU |
connect science and daily life and develop environmental awareness which was
related to affective domain goals. During her classroom practice, her beliefs and
orientations generally shaped her teaching in a way which the students were
participative and active. For example, she preferred the project-based learning asa
student-centered orientation and gave opportunity the learners to represent their

project and reflect their ideas about the problems related to the cycles

science teaching such as contextual factors (i.e. exanbased educational system, the

context of the school), ovetOOEETI EWEUUUPEUOUOWEOGEwWUI EETT UUZwWEDL
SMK as mentioned previously. (Avraamidou, 2012; Feierabend et al.,, 2011,

Friedrichsen et al., 2011; Friedrichsen & Dana, 2005; Sauelowicz & Bain, 1992).

First, in Turkey, in order to enroll qualified $ @ence or Anatolian + & E |, Stugdents

studied in middle school have to take the high school entrance exam (TEOG

[currently known LGS]) and get good scores. Due to this examination -based system,

elementary education is mostly based on performing multiple -choice exercises,

especially at 8" grades. Moreover, the school administration gives importance to the
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exam-based teaching because the quality judgements about the teachers and schools

are shaped based on the scores which the students get from the TEOG eams. This

view was supported by their parents as well. Especially, in this study, teachers were

aware of the benefits of orientations such as projectbased, process, and inquiry

which students have participative, interactive and reflective roles. However, they

complained about the contextual factors such as type of the school (public/private),

EUOPEI EwEOEUUUOOOUOWEI | PEPI OEaw Ol wUil woEEOD
families concerns about the TEOG exam. In a result, these contextual factors

mentioned above may force teachers to modify ideal goals of teaching and thus,

prefer the teacher-led orientations (Friedrichsen et al., 2011; Friedrichsen & Dana,

2005; Samuelowicz & Bain, 1992).

OO0UT 1 UwxUOEEEOI wi EEUOUwWDOI OUI Ora&ling mayl EET 1 UL
be overloaded curriculum. Because of the schedule of high school entrance exam,
the participants also complained about the time issue for fulfilment of the required
topics in the curriculum. They stated that additional time is necessary for pr eparing
and grading the student-centered activities due to the curriculum load. In the same
way, studies promoted that teachers preferred to teach didactically due to the time

necessary for preparing minds-on activities (Friedrichsen & Dana, 2005) and

overload of teaching works (e.g. grading) (Nargund -Joshi, et al., 2011).

+EUUOCAOWUEDI OET wUI EETT UUzZwOUPI OUEUDPOOUWUOwWLC
discomforts with their SMK (Avraamidou, 2012; Feierabend et al., 2011; Friedrichsen

et al., 2011; Friedrichsen & Dana, 2005). The findings of the study revealed that all

teachers were lack of SMK in the topic of biogeochemical cycles. Especially, both
environmental topics was generally inadequate. Particularly, in the context of ESD,

OEOQaw UI Ul EUETT Uw EOOI PUOI Ew UT EUwW Ul EETT UUZL
development and environmental issues is crucial for their beliefs for integrating

ESD into their practice (Corney, 2006; Spiropoulou, Antonakaki, Kontaxaki

&Bouras, 2007; Summers et al., 2005 Therefore, the deficiency of their SMK may
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force teachers to prefer teachercentered orientations which they transmitted their

conceptual knowledge didactically.

/| EUUPEDxEOUwW UEDI OEl w Ul EETT UUZw OOOPOI ETT w O w EUL
categories, namely, knowledge of goals and objectives and knowledge of materials.

In terms of knowledge of goals and objectives, the results of the current research

revealed that sdence teachers could directly addressed the curriculum objectives

regarding the biogeochemical cycles. Furthermore, they were aware of the

| OUDAOOUEOWEOEWYI UUPEEOQwWUI OEUPOOUWOT wiUTT wlUOxDPE
knowledge of curriculum objectiv es may be related to their experience. As

participant teachers had experiences more than ten years, they were familiar to the

curriculum objectives and the pre -requisite knowledge (horizontal and vertical

relations) in order to teach the biogeochemical cydes. In the same way, the PCK

studies held with novice or prospective teachers also confirmed that pre -service

science teachers did not possess adequate knowledge of curriculum. They were not

aware of the both objectives and the pre-requisite horizontal and vertical topics

(Graf etal., 2011; Hanuscin et al., 2010w, ¢ T OEQOE¢ Awd w3 DOUUOwI YhhOwx &4 EE
| YhuhuOw3 1l OOEAEwd w* ¢ O¢cAOwl Yhul Owd 1 EOOw!l YYNAS w

OOUT T Uw BUUUT w POw OUET Uw UOw ETl w EPUEUUUI Ew PEUW U
modification of the curriculum. Exce pt the curriculum ones, all teachers expected
their students to gain additional affective domain objectives such as developing
environmental awareness to preserve the balance of the biogeochemical cycles.
Additionally, whereas two teachers pointed out that if necessary, they can modify
the sequence of the subtopics, the other participated teacher already changed the
sequence of the topic during the classroom practice. Based on the PCK studies, it can
UEODPI OEaOw ECEwW OOOGPOI ETT w O wUUUET OUUZw UBET UUUE(
violation of the curriculum ( De Miranda, 2008; Friedrichsen et al., 2011; Friedrichsen
& Dana, 2005; Rollnick et al., 2008). First of all, the curricubm saliency can defined
EUwszUIT w0l EETTUzZUwWwOOOPOT ETT woOl wUOI 1 wxOEE]T woOl wU
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x UUxOUI wi OUwUI EET POT 2zwpl OOOOPEOWI DwWwEOGdOwI Y
curriculum saliency might help teachers to diagnose the problems related to the
sequence of teaching the subBUOx DEUw EQOEw EEUUIT w Ul EET T UUZ w (
EUUUPEUOUOG w( OWEEEDUDPOOOwWUI EETT UUzwbOUI UI UOU
their violation of the curriculum (Friedrichsen et al., 2011; Friedrichsen & Dana,
| YYKkABwWSUx] EPEOOaAaOwWPOwUl PUWUUUEaAaOwxEUUDPEDXE
topic could be the reason for exceeding the curriculum in terms of the additional
EiiTTEUDPYI wEOOEDPOwW OENI EUPYI UBw +EUUOaOw PUw EC
viol ation of the curriculum and knowledge of students. If science teachers are
OO0OPOI ET1 EEOI wWEEOUUWUT 1 PUWUUUET OUUz wUOET UUUE
needs and characterstics. For example, one of the participated teachers firstly
xUl Ul OU1 EwUT 1 WEEUEOOWEAEOI wEaAawUI EUOOWOI wOT 1

topic of photosynthesis and respiration.

%ODOEOOaAaOwWUI T EUEDOT wUI EET T UUZWET x| @&] teEl woi w
results of the study revealed that all teachers used the science textbook to follow the

curriculum. However, in terms of use of the activities in textbooks and student

exercise book, only one of the teachers was dependent to the curriculum resoure@s.

Other two teachers preferred either solving more questions or repeating the content

related to the topic. As a result, they had a deficiency about the activities included in

the curriculum. The reason of the ignoring the activities covered in the curri culum

might be the contextual factors such as the frequency of the curriculum revisions

and the exam-based educational system. First of all, since the republic of Turkey

established in 1923, science curriclum were revised or developed 11 times qpl EO¢ Ow b w
Ayas, 2008).Then, currenty, the science curriculum was revised in 2013 and 2018.
Researchers emphasized that teachers could not carry out the existing curriculum

EOOxOI Ul Sawbi il OwUT 1T wOl PWUEUUUPEUOUOWPEUWET YI
result, science eachers continue to teach as they used to be (Coll & Taylor, 2012).

Thus, the frequent alterations in the curriculum could cause science teachers to
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ignore of the curriculum. Secondly, the existence of the High School Entrance Exam
(TEOG) leads teachers tosolve more questions to prepare students to the exam
during the teaching of the topics. Thus, this situation could cause science teachers to
El wOl OEl Ew0OwDT OOUT woOi wUi | WEUUUPEUOUOWEEUDYDUDI L

(2011) promoted the influence O1 WE OOUI RUUEOwWiI EEUOUUWOOWUEDIT OET wl

of curriculum, as well.

In the knowledge of instructional strategies, there were both differences and
similarities among the science teachers. The only correspondence was the
dominancy of the teacher centered subjectspecific instructional strategies like direct
instruction and questioning. Although Hale adopted the student centered strategies
such as problem and project based learning in her teaching of biogeochemical
cycles, her instruction was generally based on questioning. Hale stated that she had
gotten training on what student -centered instructional strategies and how they can
be used in classroom environment. Moreover, she underlined that she actively used
the social media both to share her own experiences on teaching and to regard the
different instructional strategies used by her colleagues. On the other hand, two
other teachers, Kemal and Selda, did not prefer to use any student centered
strategies. Moreover, they were aware of their inadequate knowledge of
instructional strategies. The teachers, in fact, agreed that they should be trained

about how to use instructional strategies.

In terms of the differences in knowledge about instructional strategies, the level of
teacher-centeredness of theinstruction was the main distinguishing factor affecting
UEDI OEIl wUI EET I-spadific sttatddiesu (& iotnet) @oxdd, Ecience teachers
varied in the aspects elaborated during the instruction (e.g. content, SD issues) and
the numbers of representations and activities used. For instance, Hale used both
various representations such as reatlife examples, figures, illustrations, animations,
and activities required by the curriculum, whereas Kemal and Selda only used their
own figures and limited number of examples during their teaching of
biogeochemical cycles. Furthermore, they did not use any activities in the
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curriculum. Regarding the aspects they adverted during the instruction, although

Selda and Kemal mainly touched upon the conceptual knowledge, H ale, again,
differentiated in the expressions on the SD aspects. It could be obviously seen that
she often mentioned the issues and phenomena of the SD during her teaching of the

cycles.

Likewise, researches on teacher education had similar findings to the ones in the

current study. For example, Magnusson et al. (1999) concluded that teachers did not

have enough knowledge about the use of the instructional strategies. Some different

UUOUEDPI UOWEEEOUEDOT OAaOwEUT Ul EwUT EVUWOEEtEET 1 UUz
specific strategies can be implemented could be the reason of their ignorance of the

use of the student-centered strategies (Aydemir, 2014; Aydin, 2012; Brown et al.,

| Yhut Ow%UDI EUPET Ul Owl OWEOGEOw! YYAOw( OT El UOw! Y\
dbw3PbOUUOw! YhhOww2 i OO B B uy(yiYEORU ClT DOzl ¢ EnEKXud @
how to use topic-specific strategies could be also a reason for their level of teacher
centeredness of the instruction. Especially, in the context of ESD, studies had kown

Ul EQwUIl EETT UUzZwUOET UVUUEOCEDOT woOi w$s2#wUx1 EDI DE
they feel strongly that they should train about the ways to integrate of ESD into

their subjects (Anyolo, Karkkainen, & Keinonen, 2018; Ravindranath, 2007;Winter,

2007). The nature of the strategies used in ESD context should be paticipative,

interactive, reflective, experiential and based on the school context(Kadji-Beltran,

Zachariou, Liarakou & Flogaitis, 2014). In other words, ESD requires implementing

the learner-centered topic specific strategies such as case studies, discussion and

debates, field trips, role-plays etc. Likewise, the results of the study revealed the

similar findings that participated teachers did not use any ESD specific strategies to

integrate SD issues into their teaching of biogeochemical cycles.

L ET OUUUOOW] DWwEOS w uNNNAWUOE] UODOI EwOi EQw UE
specific strategies shaped based on their orientations to science teaching

filtered through their orientations to teaching science. In other words, they could
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prefer using the strategies fitted to their orientations. Thus, as discussed in the

Ul EUPOOw O wUEDI OEIl w Ul ehde Itdathiyg wortdeitBal fadiolsUD OOw UOw U
DOi OUI OEPOT wUEDI OEl wUI EETT UUZwOUDPI OUEUDPOOUWODIT I
subjectspecific strategies at the & grade, as well. That is, the exambased

educational system, type of the school (public/private), crowded classrooms,

specific strategies and preferences to teacheted strategies.

One of the reasons for the differences in the level of teachercenteredness of the

participated to the study had a lack of knowledge about both conceptual and

syntactic (NOS) understanding, Hale was obviously knowledgeable regarding the

connections between sustainable development issues and biogeochemical cycles. In

other words, it can be said that Hale had more robust SMK than the other two

teachers. PCK literature had already underlined the importance of SMK for

developing a strong PCK (Abell, 2008; Magnusson et al, 1999; Shulman, 1986)As

Ol OUPOOT EwUT |1 wEPUEUUUDPOOW O w Uspechlly linUthez w UUEUUEOU:
subject of biology, the use of multiple representations could be a good indicator of

Ul EET T UUzw2, *wop. I wéow* DOOw! Yht AdwuwuUUUT T UOOUI Owb O\
indicated that expert teachers had more knowledgeable about the ways that make

specific content (in this study, SD issues) more comprehensible to the sudents.

Again, GessNewsome (1992) emphasized that content expert teachers used more

I REOx Ol UwUIl OEUI E w U OnuhisUdhérd, Gtidigg corue®ddia theO D1 1 &

EOOUI ROwWOT w$2#wWEOUOWUOET UODPOI EwUT EQwUI EET T UUzwC
and issues of sustainable development caused them to have difficulties in

integration of ESD in their practice (Cotton, Warren, Maiboroda, & Bailey ,2007,

Corney, 2006;Spiropoulou, Antonakaki, Kontaxaki & Bouras 2007). Likewise, in this

study, it could be obvio usly seen that Kemal and Selda had a lack of knowledge the
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connections between SD issues and biogeochemical cycles and could not elaborate

the issues of SD during their instruction.

Another reason of the level of teacher centeredness of the instruction might be the

contextual factors. In this study, specifically, the existence of high school entrance

I REOQwWwPEUWUT OPOWEUWEOWDPOXxOUUEOUWI EdpétiU wET 1 1
strategies. For example, Kemal and Selda emphasized that the rareness of the

questions related to the topic of biogeochemical cycles asked in TEOG exam could

anxiety of the exam led them to teach the topic in a didactic way.

In terms of dependence on the activities suggested by the curriculum, the influence

Of wOOOPOI ETT woOi wEUUUPEUOUOwW OOw UE-gpecdiE!l w Ul EF
strategies should be discussed. In fact, Kemal and Selda used only textbooks to

follow the content of the topic. They, m oreover, had deficiency about the activities

in the curriculum. Thus, they did not implement such activities in their teaching of
biogeochemical cycles. That is, their lack of knowledge about curriculum affected

their use of topic-specific instructional strategies. Most studies reported the similar

findings that there was an interaction between knowledge of instructional strategies

and curricular knowledge (Aydin, 2012; Hanuscin et al., 2010; Falk, 2012) study.

Most of the PCK studies also claimed that most robust interaction were found

EIl UPI 1 OwOOOPOI ETT wOi wUUUET OUUzw UOET UUUEOEDC
strategiesp! Oad wod w! 40wl YYwWOw! UOpPOwi DwEO8 OQwl Yht OQw#
2010; Park & Chen, 2012 Soysal, 2018 As the correspondence with the results of

Uil Ul wUOUEDI UOwWUEDI OET wUI EETT UUZzwOOOPOI ET1T w
their aspects elaborated (e.g. SD issues) during their teaching. For example, Hale
PEUWEPEUI wOi wil UwUUUET OUUz wlOl 1 EU uné t6pitwfEl Y1 OO
environmental issues, so she stressed more the SD related issues in her teaching.

Moreover, she used various topic-specific representations and activities to reach

more students whose learning styles and abilities were different.
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Regarding knowledge of students, pE U U P E b x E U | réSponsés BvEré andlyred w
DOwWUPOWEEUI 1 OUPT UOWOEOI OaOwodbOPOl ET1T wOI wUUOUET 60
UUOUEI OUUzw EDPI | PEUOU B @Wuw EIOEQUOPAIEDODBDRr 0DPEDU& O w U
requirements, all teachers ould address the pre-requisite topics such asthe weather

events (the formation of cloud and hail) in the 5t grade, the topic of physical and

chemical changes in the & grade, and lastly, the topics of the properties of elements

and compounds, the chemical bonds and basic building blocks of living things in

the 7" T UEET w3T 1l awpkPl Ul WEOUOWEPEUIT wOil wUUUET OUUz wx U
energy flow in the food chain in t he 8" grade. Thus, teachers seemed to have

UUI I PEPT OUwOOOPOI ETT wi OUWUUUET O0UZz wuxUBPOUWOOOPOI |
EAEOI UGw. OwUT T wOUT T Uwi EOCEOQWEOOUPET UDOT wUI I wUUUE
be able to comprehend the topic, Hale was s@®1 Oa wEOOET UOI Ewl I UwUUUET 60 U:
mentioned in the discussion of instructional strategies, she gave importance to her

UOUUET OUUz weéPi i1 Ul O0wOI E U &pedfic aidtehed Mataovdera wU U D OT wOEC
she used projectbased learning as a studentcentered strategy in order to make the

UUOUEI OUUWEEUDPYI 6w1i 1T EUEDOT wUEDI OETl wUI EETT UUzwOO
of the teachers stated that students had difficulties in make their understanding

actual in the environmental topics. Teachers complained that students had problems

of developing attitudes awareness in such environmental topics. However, only

Hale tried to help students to develop environmental awareness through

discussions including real -life examples.

Especially, the reason for the UDODOEUDPUDI UwET Ubi 1 OwUEDI OET wUOIl EEI
learners, might be related to their teaching experience. Because of the experiences

OOUIl wUT EOwUPI OUawal EUVUOWEOOwWUI EEdquisitew PT Ul WEPEU
knowledge. Similarly, most studies add ressed thatthe lack of classroom experiences

might be the major reason for the student-Ul EET 1 UUz WOEEOwWOI wOOOPOI ET1 w
understanding (Cochran et al., 1993; De Jong, Van Driel & Verloop, 2005;

Friedrichsen et al., 2009; Veal et al., 1999.
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RegardD OT wUT 1T wEDI 11 Ul OETl UwET Up1 1 OwUOIl EETT UUzw0Ob
SMK and their beliefs and orientations to science teaching also could assist for their

knowledge of learners (De Miranda, 2008; Sanders et al., 1993; Van Driel, 2008).

Except Hale, Kemal and Selda adopted teachercentered orientations and aimed to

transmit the curriculum objectives. Therefore, their orientations did not permit

Ul EET T UUWUOWEOOUPET UwUUUET OUUzwlOl 1 EUwbOwWUT T v
comprehend the topiEd w " O O U U E Ukddviedeu ab&uO studdhis might be

leaded to adjust different topic -specific representations and activities to make her

teaching more efficient for students (Akerson, 20050 a E¢ Owi UBmwOd &l Yy huy O

| Yht OQOw#1 OPUE g A tirfedau, 20 w@iu'OB QU § K A 8

OOUT 1 UwUOUUET woOl wUI EETT UUZwWwOOOPOI ETT woi wol
knowledge. Among the participated teachers, Hale was the most knowledgeable
one in terms of understanding of SD issues on biogeochemical cycles. Tius, her
SMK based on her expertise on biological education and informal training on
science education could be most important factor influencing her understanding of
UUOUEI OUUzw Ol 1 EUBwWw ( OWEWUDPOPOEUwWPEaAOW/ " *wUUOL
teachers mMJUWUOEUUUwW?2, *wbhEUWOOOPOI ET 1 EEOI WEEOUU W
EQEWEDI I PEUOUDPI Uwgp AaEI OPUOwW!I YNKOw aEDPOOuwI Y hl

Considering the knowledge of assessment,i EET I UUz wOOOPOI ET 1T wodi wgod
of science learning and methods of assessment werdwo sub-components analyzed.
(OwUl UOU WOl wUI EETT UUzwOOOPOI ETT wOOWEDOI OUDO
Ul EETT UUwWEPOT EwUOWEUUI UUWUUUET OUUZzZ wEOOET xUU!
assessment of NOS aspects on the topic of biogeochemical cycléd w 31 EET 1 UUZ
emphasis on the assessment of conceptual understanding also emphasized in the
xUl YPOUUwWUI Ul EUET wgp aEDPOOwW! YhI Ow+EOQOI OUEOQuwWI °
"OP1 YT UOWPUWEEOQWET wUI T Owl0T ECw' EOT WEOUOWEOOEI
of SD related issues and development of science process skills and/or cognitive skills
such as critical thinking, problem -solving and decision making through project -
EEUI EwOl EUOPOT 6w1i 1 EUEPOT wUOT 1 wxEUUPEDXxEUI Eu
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assessment, Kmal and Selda focused generally traditional and summative
assessment techniques (informal questioning, multiple choice test) whereas Hale
preferred to use authentic assessment strategies such as performance/ peer
EUUI UUOI O0w@UUUET OU pt map>canplitibrEtasks ANdradved, then E O O E |
formative assessment wascoherent that go through the whole topic. She tried to

provide feedbacks or re-teaching the points that learners have difficulties.

371 wOOl wxUOEEEOI wi EEUOUwWDOI @dsdsémerd Couldudel EET 1 UUZ wC
their beliefs and orientations to science teaching. As Kemal and Selda held both the

beliefs on transmission of the curriculum objectives and orientations including

teacher-centered strategies like direct instruction (didactic orientat ion), their

assessment was generally based on traditional assessment in order to evaluate their

UUOUEI OUUZ WEOOEI xUUEOQwWOOOPOI ET 1 6w. OwUT T wOUT T Uwi E
UUUETI OUUZz wEOOETI xUUEOQwWOOOPOT ETT1 OwUODP OB WEDE w2 # wb (
her preference on the use of studentcentered orientations such as processskill

development, inquiry, project -based etc., so teacher may have chosen to focus on the

authentic assessment techniques such as peer assessment and concept map.

Another reason may be the inadequate emphasis of integration and assessment on

both NOS and SD issues the sance curriculum (Abd -El-Khalick, 2006; Combes,

2005; Hanuscin et al., 2011; Karaaslan, 2016Kim & Fortner, 2006). When the 8n

grade science curriculum in Turkey was examined (MoNE, 2005; 2013), the lack of

Uxl EPI PEw T OEOUwW EOCEwW OENI EUDPYI Uw OOw EI YI 0Ox 01 O0u
understanding could be obviously seen. The curriculum only focused on the

OENI EUPYI Uw bl PET wWwEPOwWUUUEIT OUUZz uelatéditépic.x UUEOw UOEI
Therefore, teachers did not need to intend to teach the NOS and SD aspects. In this

regard, they did not attempt to assess these dimensions in their lessons. Park and

Oliver (2008) also underlined that the goals and objectives in the curriculum had

POi OUI OEl wOOwUI EETT UUzwOOOPOI ET 1T wdOi weEUUI UUOI OUBG

270



Additionally, contextual factors, especially the exam -based educational system
OPT T UOwEI T 1T EUwWUI EET 1 UUgZz utee@dektions Bskdd in @he bigh UUT UUO
school entrance exam (TEOG) are focused on the content rather than NOS or SD
issues. Even if teacher may view that NOS or SD issues should be taught, the system
may force teachers to ignore the assessment of these issues.rSilar situation has
been emphasized in the countries having exambased education system, for
example, in China (Zhang et al., 2003) and in India (Nargund-Joshi et al., 2011).
Likewise, regarding the methods of assessment, teachers heavily focused on
summative assessment by preparing written exams including multiple choice items
as in the national exams. The contextual factors regarding to country and school in
which teachers teach has an important factor on their classroom practice (Aydin,

2012; LoughrandJ WE 08 Owl YYKOwol OOw! YHhKAKS

Moreover, science teachers used traditional assessment techniques rather than

alternative or authentic ones. In other words, they have lack of knowledge on the

methods of assessment. Similar findings also represented in previous sudies

" EOEEAOAOUWI DWwEOSOw! YYOwW&UET wi OWEOS8 Ow! Y huh
41 E©0ali2010w ol OOw! YKAS w3 T T wUl EUOOwWOI wOl EET 1T UL
could be their lack of experience on how the authentic techniques implement

through both courses in their undergraduate education and trainings in their

professions. Except Hale, other two teachers participated to this study had no

training on science or biology-specific professional development on alternative

assessment strategies. Sintarly, Kaya (2009) also emphasized the lack of emphasis

on assessment in teacher education by underlying the ignorance of the related

courses in undergraduate education. He concluded that the limited number of

assessment courses led teachers to focus trdational assessment techniques.

Therefore, teachers might have a tendency to implement such assessment strategies

which they were familiar from their K -16 education.
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5.3. Implications & Recommendations

In light of the results concluded and the points discussed, the study hasnumerous
implications and recommendations for pre -service and in-service teacher educators,

curriculum developers and teacher education research.

The results of the study concluded that PCK is specific to topic, context (classroom,
school, parents etc.) teacher and students (Abell, 2008; Lankford, 2010; Nargund-
Joshi, et al., 2011; Park & Oliver, 2008)This study aimed to investigate PCK of
experienced teachers for the case of teaching biogeochemical cycles in the context of
ESD. From this point, the result of the study is helpful for the understanding of the

topic-specific PCK regarding the teaching of the topic of biogeochemical cycles.

This study provided the inspiration for education of both inservice and pre service
teachers. As literature emphasized, teaching experience is acore source of PCK
(Grossman, 1990; van Driel et al., 2002). On the other handit can not be inferred

that robust teaching experience mean rich PCK (Friedrichsen et al., 2009)Results

revealed that science teachers do not have grasp PCK and content knowledge about
biogeochemical cycles in the context of SD. All teachers participated to the study

complained about the deficiencies on science or topic specific training, and they

stated especially their deficiencies for teaching SD and NOS. Considering the

results, it was remarkable that inservice teachers should be supported on the
environmental topics regarding the close connections of SD issuesand NOS. The

support should include not only content knowledge about environmental topics,

NOS and SD but also PCK components.This means that professional development

should support teachers to enrich their practice of teaching concerning UUUET OUUz w
difficulties, how to respond this difficulties by means of enriched t eaching and
assessmentstrategies. Furthermore, these professionaltrainings should be discipline

EEUI EWEOEwWUx1 EPI PEWUOWUOxPEwWUI E BHerce)tbeseUE UT T O w - E
professional support should give teachers opportunity to reflect on the sp ecific

topics (i.e. NOS and SD) with regard to how different science topics could be taught
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to learners because each topic has its own instructional strategies, assessments,

curriculum and student difficulties.

There are some problems identified in this study that curriculum developers should
cope with. First of all, curriculum developers should place specific NOS and SD
objectives in biogeochemical cycles. From the point of curriculum materials,
teachers should be supported in order to teach NOS and ESD efectively (Kawaga,
2009) Additional teaching resources including specific practices on instructional
and assessment strategies on NOS andSD can be developed. If these suggestions
are not adapted to the curriculum, science teachers may not be volntarily to teach
both NOS and SD with the connections between environmental topics because
science teachers tend to teach what curricular objectives mention as it is understood

by the findings of the current study.

In order to meet needs of teachers, anoher remedy for the development of rich PCK

is to provide long-term professional development (De Jong et al., 2002; Gilbert, De

) 001 Ow) UUUPOW3UTI ET UUUOWSd wYEQw#UDI OGWIENYIAOwW' E
2006; van Driel et al., 1998).Learning the content knowledge and curricular

adaptations are not sufficient for teachers to teach NOS and SD integrated
environmental topics. Therefore, theoretical framework of this study, topic specific

PCK, can be used in planned development program to increase how well science

teachers teach NOS andSD integrated environmental topics @@ ET POOw $ UUIT x ¢ O
31 OUg & O.uFirsyyiN Zhese programs, UEDT OET wUIl EET T UUzwOUDI O
science should need to be changed. However, orientation towards science is

multid imensional and resistant to change (Luft & Roehring, 2007). Therefore,

planned PD programs should be long standing to ET EOT T w Ul EET 1 UUz wOUE
Otherwise, program could be unsuccessful for changing orientation towards science

in shaping PCK.

Bucat (2004) argued that the profession of teaching suffers from the disease named

as amnesia due to deficiency for sharing the wisdom of teaching experience. Thus,
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by the current PCK study, it is hoped to help other inservice or preservice teachers
to have shared memory for teaching biogeochemical cycles. Concerning all PCK
components; the results of the study have valuable practical information in teaching
environmental topics regarding SD issues. This information recommended teacher
educator to use these realclassroom experiences in professional development for

both inservice and preservice education.

Lastly, there are some recommendations for further research. It was know n that

PCK is specific to context (e.g. both school and country level, learners, topics, and

teachers. Using same topic,the studies should be conducted with one teacher which

teachesin different groups of learners (e.g. high and low achievers) or different

grades df learners (4,5,6 & 7th grades) to examine the PCK development.Then, the

Ul Ul EUET T UUwUT OUOEwWI REODOIT wi Ob wlForlexafg@O U1 R Uwb Oi OL
comparison studies in rural and urban schools or with different countries should be

conducted.

Regarding orientations to science teaching, the curren research wadimited to nine
orientations identified by Magnusson et. Al (1999). Thus, new studies should
examine how current orientations such as argumentation and STEM affect PCK

development.

3T PUw UUUEaw EEOw El w U0OUI OT UT 1T Ol Ew Eaw EOOOI EUDOI
achievement. Therefore further researches connectingteachetd¢ " * wUOwWUUUE] OU0UZz w
learning and achievement can provide important insight s into the nature of PCK.

Especially, using the Gess- | PUOOI w ol Yhuk Azw / " *w OOET OOw Ul Ul EL

investigate the connectionsE1 UP1 1 OwUI E E itHeisiugdent achieuén@ri. w

In Turkey, studies specifically using PCK framework in the context of ESD is too
limited. This PCK study was focused on biology topics regarding ESD. PCK studies
should be implemented in both other topics of biology and different subjects such as

chemistry & physics regarding ESD. Additonally, s tudies that will aim to delve the

274



effect of an intervention (e.g. workshop or elective course) should be conducted to

I REODOI wUIT T wUI EET 1 U lhe cohtextoflBSD.YT OOx O1 OUwb O
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E.ORIJINAL DRAWINGS OF SCIENCE TEACHERS
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DRAWINGS OF HALE
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DRAWINGS OF SELDA
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