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ABSTRACT

EXAMI NATI ON OF CHEMI STRY TSEBECEFKERSOG TOP
NATURE OF PEDAGOGICAL CONTENT KNOWLEDGE IN
ELECTROCHEMISTRY AND RADIOACTIVITY

Aydén, Sevgi
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor Assoc. Prof. Dr. Yezdan Boz

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

May 2012,268 pages

The purpose of this study was to examine tgpiecific nature opedagogical

content knowledge (PCKJwo experienced chemistry teac
in electrochemistry and radioactivity. Tt
compnentswere studied. To get deep and rich answers to research questions asked,
qualitative methodology was usdéarticipantavere selected through purposeful

sampling. Data were gathered through esoding activity, Content Representation

(CoRe), semstructured interviews, classroom observations, and field .netssults

revealed thaparticipants had two types of PCK, namely, PCK A for teaching
electrochemistry and PCK B for teaching radioactivity. PCK A included content

basedand teachecenterednstruction, many links to othéopicsin chemistry and in

physics. The assessment waserent which included different types of assessment
strategies used at the beginning, during, and at the end of teaching. In, RS

less teachecentered Thelink to other topics was limitedddditionally, teachers
usedfragmentedhssessment amdere less krwledge a bl e about | earner
and misconceptions in radioadtiythanthey were in electrochemistripifferences

betweerPCK A and B may be related to natafethe topicsLearners need to have

much prerequisite knowledge both fre chemistry and physics to learn

electrochemistryAlso, there arenore concepts in electrochemistinan there are in



\Y

radioactivity It seens that when teachetsave to focus on more concepts to teach,
they may have a tendency to teach rrtegecher cented to save timeTeacher
educatiorprograms should focus on togpecific nature of PCK and provide topic

specific training to teachers.

Keywords: Pedagogical Content Knowledge, Science Teacher Education, Topic

specific Nature of Pedagogical Content Kuedge,
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¥Z

KKMYA ¥JRETMENLERKNKN PEDAGOJKK ALAN Bk
KONUYA ¥BGJASI ELEKTROKKMYA VE RADYOAKTKYV
KONULARI NDA KNCELENMESK

Aydén, Sevgi

Doktora, Orta ¥Jretim Fen ve Matemat.
Tez Y°neticisi: Do - . Dr . Yezdan
Ortak Tezsi°nbBobi . Dr . Esen Uzunt.i

May é s, 2GB 6a¥yf2

Bu -al ékmanén amacé pedagoji k alan bil gi
i ncel emektir. Deneyi ml i K ki mya °Jretm
radyoaktivite konul ar enn dPaA Biognered etnaam kd li ar. a
anlayabilmek i-in t¢egm PAB bilexkxenleri - al
derinlemesine ve zengin cevapliar bul abi |

kull anél mékter. Kat el émcél ar edeankart | € °r nel
grupl ama aktivitegapéliaedéekéelgmékeg? migk mgl
g°zl emleri ve g°zlem notlareée ile topl anmi
ve radyoaktivite ©°J roimakimierie- iirki PAR rA PVASB Ol
olduj unu ortaya kogmakt fhdme merikAlNRKiRyaget me n

fizikteki dijer konulara bajlantélar i-el
yapeéelan °1 -mede, farkle °1-me y°ntemler.i
kull anél métPare.c eRAB oB airsa&k daha az °Jretm

konul ara yapeélan bajl ant gl @aca,a®®jgreteroenlie

par-alé bir ©°l-me yapméxkxlardéer. ¥jJretmenl
sahip ol dukl ar & g¥ieaarak mdayoaktiaite komusuadaar i | e i |
el ektrokimyaya g°re daha zayeéefteérl ar. PAI

dojalaré ile a-éeklanabilir. El ektroki mya:
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al anewow#damazl a °n bil gi yteokimyhkonugua - varder .
radyoaktivitekons undan daha fazl & kavrbhecekedab&t
kavram ol dujunda °jJretmenler zaman Kkazani
bir ©°Jreti mi tercih edebil mektedir. ¥Jrel

°zgg] avadm&kl anmal & ve °Jretmenlere konuya

Anahtar Keli mel er: Pedagoji k Al an Bil gi si

Bilgisinin Konuya ¥zg¢ Dojasé,
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CHAPTER 1

INTRODUCTION

In the 2% century, science and technology have been progressing rapidly, which
makes it challenging to follow developments. Rapid altend&ads to changes in

the knowledge and skills needed to be a successful employee, responsible citizen,
and intellectual person (Boltz & Swartz, 1997). To be able to keep up with the all
changes mentioned, people in this era have to be knowledgeableebaoe and
technology Qrganizatiorfor EconomicCo-operationandDevelopmen{OEDC],

2009). Due to the essential role of having scientific knowledge and science process
skills (e.g. formulating hypothesis, interpreting data, and controlling variablgs) bo

in daily life and workplace, scientific literacy is major goal of many reforms in
science education (Bybee, 1997, Robert s,
knowledge and understanding of scientific concepts and processes required for
personal decisiomaking, participation in civic and cultural affairs, and economic

p r o d u c National Regearch(Council [NRC], 199622)

Programme for I nternational Student Asse:
ability to explain scientific phenomena, to séentific evidence to predict

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

technological issues. ToassessylBar ol d studentsdé reading,
scientific literacy, PISA assessments were carried out in 2003, 202049 all

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

six in science. In 2006, only.3%of students from OECD countries could reach

level 6 which is the highest level.

The number of students at very low proficigng also an important indicator

T not necessarily in relation to the development of future scientific personnel
but in terms of citizensd ability to
market. At Level 2, students start to demonstrate the sieompetencies



2

that will enable them to participate actively in life situations related to science
and technology. Across the OECD, on average 19.2% were classified as
below Level 2, including 5.2% below Level 1 (OECD, 2007, p.3).

PISAresults showed#ht Tur ki sh studentsodé6 results we
OECD countries (OECD, 2007). In addition to PISA scores, university entrance
examination scores have provided further
achievement especially in science. For instant 2009, 704,712 students out of

1,294,074 scored 0.25 or lower raw score than 0.25 from the Sdidase

(Selection and Placement of Students in Higher Education Institu#ohe). So,

these disappointing results, changes in other countries s@geygrams, and ever

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

Elementary Science and Technology curriculum was started to be revised in 2004
(National Ministry of Education [NME],2006) Moreover, in 2007, reforms for

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

2007). However, changes in the curricula do not guarantee a solution to educational
problems and to raise scientifically literate citizens. Even if the new curricula suggest

new drategies and methods for teaching and assessment, teachers have difficulties in
reflecting the new curriculum to their teaching (&yd & ¢akeérojl u, 2010

Teachers are one of the most i mportant f
achievement (Lumpe, 2007; Miller, 2001; Sanders, 2000; van Driel, Beijaard, &

Verloop, 2001), which increases the importance of professional development
activities enri chi skdls(Kig#&&éwenana, Q00&.n owl edge
Committee on Science and Mathematics Teacher Preparation (2001) stated that
teachersdé responsibility and job demands
Duetotheteaches 6 r ol e in studentsodé | earning ant
similar to pilot training, teacher training requires demanding and long running

preparation. Teacher training should lead to increased teacher effectiveness, which is
assumed to result positive student learning gains. Therefore, research on teacher
knowledge and practice is needed due to their role in providing rich and valuable

data for reforms in professional development and teacher education programs



(Avraamidou & Zembalaul, 2005; Redrichsen, 2008; van Dijk & Kattmann,

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

In the teacher education field research,
knowledge (Abell, 2007; Grossman 1990; Magnusson, Borko, & Krajcik, 1999;

Shulman,1986 1987), teachersodo | earning (Lough
and teachersdé beliefs (Nespor, 1987; Paj i
Matthews, 2001) . I n this research, teach:

Pedagogical content knowledgediR) was introduced by Shulman (1986) as a

knowledge base for teaching. In this qualitative study, | used PCK as a theoretical
framework to study teachersdéd knowl edge di
acknowl edged fr amewor #ge (Carlses, 1909 (Gess eac her s
Newsome, 1999). In PCK framework, in addition to SMK, teachers should know

|l earnerso prior knowledge about the topi
teach the topic, how to organize lesson, which representations, figtireisiea, and

assessment strategies are better than others, and how to use instructional strategies
(Abell, 2007; Magnusson et al., 1999; Tobin & McRobbie, 1999).

Shulman (1987) described PCK as a unique mixture of content and pedagogical
knowledge foreéaching a topic in an understandable way to students. As a construct,

PCK is important. First, PCK is formed through trensformationof many different

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

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

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

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

because it informs aspects of sciencetieaeducation programs, in terms of both

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

|l earnersd understanding of science topi c:
component of PCK f o ciasanesconceptiond, axdprener s 6 di |
requisite knowledge (van Driel et al., 1998). Furthermore, PCK and its components

are useful for researchers studying on teacher knowledge and practice because they
provide a road map to find your way (Friedrichsen, 2008; Mdr880). Therefore,

in order to gain a better understanding
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I mportance, the thing that should be don:
is the major purpose of researchit eacher s6 PCK tbnedérny, ( Loug
Milroy, & Mulhall, 2000; Marks, 1990).

1.1.Significance of theStudy

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

sources of it, and how components of PCK interplay with each other. From the
acknowledged resech, it has been asserted that PCK is a tsp#cific construct

(Cochran, King, & DeRuiter, 1991 pughran, Mulhall, & Berry, 2004;an Driel, et

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

PCK is topiespecific and howeachers transform SMK of different topics into PCK

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

clearly identified the need for more togpecific PCK research within the

complexity of the classroom to determirew t eacher sé use their
transforming their SMK into pedagogically powerful representations to support

student learning (Abell, 2008; Avraamidou & Zemi&alul, 2005; Bucat, 2004; de

Jong,et al.,2005; Geddis, Onslow, Beynon, & Oesch, 1993; Loughetal., 204;

Magnusson, Borko, & Krajcikl994; MorineDershimer & Kent, 1999; Shannon,

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

highlighted the scarcity afoncrete examplesf t eacher sé PCK. Ther
current reearch is supposed to provide valuable information about experienced
teachersé PCK and how they use becaused r PCK
PCK is specific to topic (van Driel, et al., 1998).

In addition to that, PCK literature calls for neaesearch which compares and
contrasts teachersdé6 PCK in different topi
2008).nlf we take PCK to be a paradigm f
nor mal science puzzles wit hpldD)iThlzet par adi
able to solve other pieces, the comparison studies are valuable. Although examining
teachersé PCK in a particular topic provi

focusing on teachersdé PCK in disedter ent t
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push further the PCK literature how togapecific PCK is and where the overlaps

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

PCK for a particular topic.

The significance of the study also roots in the datkected from real classroom

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

construct, the practical knowledge that teachers actually use in their teaching was
focusedn this study. To deepen the togpecific nature oftte concept, real
practitionersod6 experience would help the
teachersodo teaching and assessment practi ¢
Magnusson et g11999), this research was based on the experienced teather

teaching practice in real classroom contexts.

In addition to the theoretical part, the results of the study are hoped to provide
practical knowledge for othehemistryteachers who teach the same tejictheir

cl asses. Exper i eenaredteaching mrdcteas mdy enrichother r e p

teachersodo teaching as well. Through the ¢
to devel oping teachersod6 practice in addi
al., 2004).

Related to the practicalse, Bucat (2004) criticized the convention of teaching
profession which has been likenedda-ien v ent i o n . tilike the etherwh e e | ¢€
professions, valuable experience of qualified teachers is not shared to form a
professional agenda. The researchersadgnos ed t h eprofgssiamdd | em a
a mn e.sTo emedy the problem, Bucat (2004) provided two suggestions. First,
teachers, chemists, and experts in chemical education should come together and
study to form an archive including knowledge about learningg ar ner s 6 i d
strategies for teaching particular topics, and tips for enacting them. Second,
experienced teachersdé vignettes shoul d
architecture). The vignettes formed should be used in order to show othergeache

how theyshould plan and how theyshould use instructional strategies. Formed

agenda by the wuse of veteran teacherso
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source both for prservice teacher education and professional development
programs for irsenice teachers (Bucat, 2008imilar to Bucat (2004), van Driel et

al., (1998) stated that giving endreinvention of the whedly every teacher is one

of the basic purposes of the PCK researc
and practice are deged, we, as teacher educators, cannot take advantage of their
wisdom for inexperienced onégRollnick, Bennett, Rhemtula, Dharsey, & Ndlovu,

2008), which makes the teaching a game playildout audience(Shulman, 1987).

Therefore, this study also focase on Bucatdés (2004) second
examining experienced tseehat, l{f1893)sadd véhOKel Si m
etal.,(2001) hi ghlighted the i mportance of
because although they had rich PCK, they wad share it with prservice and

novice teachers. Therefore, their knowledge can be made explicit through elaborating
and s har iwisglontoépaactibderthe development of cases, which will be

a valuable resource for both pervice teacher edation programs and 4igervice

teacher trainings.

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

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

focused on PCK development of ggervice tedgers(e.g.Loughran et al., 2004;

Nilsson, 2008; Shannon, 200én Driel, de Jong, & Verloop, 2002embatSaul,

Krajcik, & Bluemenfeld, 2002)However, preservice and novice teachers generally

do nothavea robust PCKNlagnusson et al1,999; Shulman,987). Therefore,a

focus on experienced teachersé practice

teachers use PCK in teaching.

To sum up, in light of the literature, the main purpose of the study was to examine
experienced chemi sotdiffeyenttopica m bhemigryfiel Tk i n  t
study has three powerful aspects; first,
and presenting valuable information about how tegpiecific PCK is, second,

providing concrete example of experienced teacher® CK i n speci fic t ¢
finally, dealing with interaction between PCK components. Concrete examples are

expected to be an important source forggevice and beginning teachers, which



helps them relate theoretical and practical parts of tea¢hangDriel et al.,2001).

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

In addition to contribution of this study to the PCK literature, it is hoped to provide
beneficial insights regardinge how PCK components interplay. Adtilgh PCK is a
theoretical construct, it has also practical aspect (Abell, 2008). PCK models
identified components of PCK; however, they do not indicate how the components
interact (Friedrichsen, van Driel, & Abell, 201 Are these relations orsded

andbr mutual? How does orientation component influence other components? These
guestions have not been answered yet. They should be focused on by the use of
empirical evidences taken from real classroom context. Therefore, research should
elaborate on how tehers use PCK components simultaneously in order to make the
topic more understandable to learners (Abell, 2008; Friedrichsen, et dl, Hflize,

van Driel, & Verloop, 2008). A better un:i
informs the literature abowmature of PCK, which provides useful information for the
design and revision of teacher education progradR3 1996). In response to the

call for research into examining the interplay of PCK components, we sought to
examine how eXxp eKdomporertdintetaet to enbke thestapic P C

more comprehensible for learners.

I n this research to get d-speqfiieRCKRndowl|l edge
examine the interplay among the components of PCK, all components of PCK were
studied. Due to theature of PCK, focusing on only one component is really hard in

terms of data collection, analysis, and discussion (Friedrichsen & Dana, 2005; Abell,
personal communication, February, 2010). Due to the interaction between

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

among which component starts and finishes (Friedrichsen & Dana, 2005).
Correspondingly, Loughran et al., (2000) pointed out that PCK is not one of the
components rather fAthe nantwayethelemeRI€EK i s
can overlap and be portrayed, and this portrayal varies through the variations in the

overlap of the el ementso (p. 4).
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Regardinghetopics selection, electrochemistry and radioactivity were studied

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

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

PCK yet; (c) research on studentsdé miscol
misconceptions and difficultigbat students have (Garnett & Treagust, 1992a;

1992b; Sanger & Greenbowe, 1997a). The nature of the topics should be different to
elaborate how PCK is speckHio topic. It is also important to choose the topics that

havenotbeen studied yet.

Thisstu¢ i n which experi enc-spdcificRCEwWaSSt ry teac
examined is a qualitative case study which provides a detailed picture of the people,

event, or group focused on (Merriam, 1988, as cited in Merriam, 1998). Case studies
provide deep inforntéon to the researcher. Therefore, to get rich and deep

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

1.2.Research Questions Addressed

How i s experienced high school chfermi stry

teadingdifferent topics within the same discipline?

1.2.1.Sub-researchQuestions:

1. What is the nature of experiencech e mi s t r PCKtfar teaching r s 6
electrochemistry and radioactivitgpics?
a. What 1s the nature of ex|edgeodfleannered c her
for teaching electrochemistry and radioactivity topics?
b. What is the nature of experienced chei
instructional strategy for teaching electrochemistry and radioactivity topics?
c. What is the nature of experiencdie mi st ry teachersdé know
curriculum for teaching electrochemistry and radioactivity topics?
d What is the nature of experienced chei

assessment for teaching electrochemistry and radioactivity topics?



2. How do PCK componestinterplay for teaching electrochemistry topic?

The second research question was based on data collected from one of the
participantan electrochemistry topic.decided not to include both participsidata
due to the complex nature of the interplajise data oMr. Demirwho had richer
PCK thanMrs. Ertanwas analyzed for the second s@lsearch questioletails

were provided in methodology part.

1.3. The intendedAudience of theResearch

The intended audiences of the research are teacher adusatecifically chemistry

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

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

hoped that the results of the study will present usefulvahable information about

nature of PCK construct to the PCK literature, and to teacher educators who design
professional development (PD) andgegvice teacher training programs. Moreover,
concrete examples of part icasespndbailipret eac her :

service and irservice teacher training programs as well.

1.4. Definitions of Important Terms

Pedagogical content knowledge (PCK) dArepi
pedagogy into an understanding of how particular topics, prahlemssues are

organized, represented, and adapted to the diverse interests and abilities of learners,
and presented for instructiono (Shul man,
observations of teachersoé teatthaalger sdt el
lesson plans, and with instruments such as content representations (CoRe) and

pedagogical and professior@atperience repertoire (P&fRs). In this study, PCK



10

was studied by the use of casdrting activity, CoRe, serstructured interviews,

andobservations.

Subject matter knowledge (SMK) is knowledge of content belonging to a specific
field. I n this study, SMK is participant
substantive and syntactic components. The substantive compasses the g@oivied

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

the syntactic component covers knowledge of the process through which knowledge

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

was not measured because it was not in the scope of the study. It was assumed that
participantshave strong SMK in chemistry. Thhesearchewas careful about the
participantsé SMK during observaandbons ma

strengh in SMK, notes were taken.

Pedagogical Knowledge (PK) is related to teaching but it is not specific to any field
such as science teaching or history teaching. It includes general knowledge (e.g.,

classroom management and communication with learnersfatell teachers.

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

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

Orientation to science teaching, overarching componedt@fK , fr epr esent s
of viewing or conceptualizing science te;
The participantsdé orientation to -science

sorting task, semstructured interviews, and observations of teachs 6 t eachi ng.

Knowl edge of | earner i s PCK component t hi
misconceptions in learning specific topic and prerequisite knowledge necessary to
learn the topic (de Jong, et al., 2005). Knowledge of learners was nteasilre

CoRe, sembtructured interviews, and observations.
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Knowl edge of instructional strategies, al
knowl edge of representations and activitdi
al., 2005, p.949). Knowledge of ingttional strategies was measured by use of

CoRe, sembtructured interviews, and observations.

Knowledge of curriculum, yet another component of PCK, consisted of knowledge
of curriculum goals, and of curricular materials provided by the curriculum
devebpers (Magnusson et al., 1999). Knowledge of learners was measured with

CoRe, sembtructured interviews, and observations.

Knowledge of assessment, still another component, comprises knowledge of what to
assess, purposes of assessment, and howtoassessdd e nt s 6 | ear ni ng.
assessmentas measured with CoRe, sestiuctured interviews, collection of

homework and quizzes given by the teachers, and observations.

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

experience in teaching. Although there is no fixed time to develop proficiency in the
profession, five or more years in teaching is acceptable time span to be an expert
(Berliner, 2001). Moreover, | was also careful about the other related points. For

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

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

principals and of researchers who had studied with chemistry teachers was taken.
Moreover, in a pori meeting, | asked them how they teach. Also;qaerice

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

to share their i dea about teachersodé teacl

from different sources, peécipants were selected.
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CHAPTER 2

LITERATURE REVIEW

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

review more useful and comprehensible, sometiiéls were formed. This chapter

included6 subtitles; (a) Historical Development of PCkhd PCK Models in the

Literature,( b) Research on science teachssrsdé PC
influence on PCK and teachingl) Research on iservice sciere t eac h-er s6 t o
specific PCK (e) Conclusions for PR-SMK relation and interplay among PCK

components, andinally, (f) PCK studies in TurkeyAt the end of each sttitle, the

summary of it was providedt the enddifficulties of studying PCK were also

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

with them.

Although valuable and essential studies have been conducted in math arf@all(e.g.
Hill, & Bass, 20051 k éksal , 2006; Sevik, 2008), due
used in math and science fields, and my unfamiliarity mistthteaching, studies

only from science fields were summarized here.

2.1 Historical Developmentof PCK and PCK Models in theL iterature

Since mid1980s, thattentionof teacher education research has changed from
teachersé behaviors to their knowledge al
education research B=sarningto-teachfocus ofwhichd evel opment of t ea
beliefs,cognition, and knowledge. The new trend becoming popular in 1980s in

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

methodology.Learningto-teachliterature has, generally, utilized naturalistic
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inquiry. Therefore, the saple of these studies was smaller than those of other

research which utilized quantitative inquiry.

In recent years, attention of the research on teacher education has been practical
knowledge of teachers (Carter 1990, as cited in van Driel, et al.,. 18%586,

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

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

not taken into consideration. In addition, Shulman identifiedssing paraggmin

the educational research area, namely, t
content and its effects on teachersodo i nsi
transform their knowledge of subject matter into a form which helps students to
unker st and. PCK was first offered by Shulm
content and pedagogy that is uniquely the province of teachers, their own special

form of professional understandingo (p. 8
Shulman causeaparadigm shifin teacher education research area (Carlsen, 1999).

In 1986, Shul man stated that teachersodo ki
basic categories, namely, subject matter content knowledge, pedagogical content
knowledge, and curricul&mnowledge. In his view, PCK includes knowledge of

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

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

compasses the knowledge related withlearns 6 di f fi cul ti es and n
about the subject. Finally, knowledge of curriculum includes knowledge about

curriculum materials, lateral curriculum knowledge, a&adicalcurriculum

knowledge. In his following study in 1987, he extended categorfes t eac her s 6
knowledge base and added general pedagogical knowledge, knowledge of learners

and their characteristics, knowledge of educational context, knowledge of

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

In the following years, many researchers conducted research on PCK. In many of
these studies, Shul mandés idea of PCK was
(1999) attributed the importance of it to its emphasis on the subject specific

knowledge which haggnificant roles in teaching and learning science. In addition
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to Shul mands model, other scholars used ¢
there is no consensus on the conceptualizing of PCK (Abell, 2007; Smith, 1999; van

Driel et al., 1998). Althoug PCK literature has different models that have different
components, there are two parts which are common for all scholars, namely,

knowl edge of representations of subject |

difficulties and conceptions (van Driel et al99B).

Foll owing the Shul manés idea, Tamir (198!
pedagogical, and subject matter specific pedagogical knowledge in his idea of PCK.

The researcherodés view of teacher knowl ed:
T a miview, teacher knowledge has two basic components that were subject matter
knowledge and pedagogical knowledge. However, pedagogical knowledge consisted

of two subcategories that were general pedagogical and subject matter specific
pedagogical knowledge wdh was indeed PCK. Subject matter specific pedagogical
knowl edge consisted of knowledge of stud:
instructional strategy, and assessment. Knowledge and skills for assessment is
Tamirdés (1988) contribution to the PCK m

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

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

and pedagogical content knowledge. Contrary to Shulman and Tamir, Grossman
schematized the components amnains forming PCK rather than listing them

(Figure, 1). Amongthesubo mponent s, O6conceptions of p
subject matterd were teachersé both knowl
teach a particular topic in a particular grade lewlich was aroverarching

component. The second sabmponent of PCK was described as knowledge about

|l earnersd prior knowledge and difficulti.
knowledge included both vertical and horizontal curriculum knowledge fopic,

and materials provided in the curriculum for the topic. The lasteniponent

comprised knowledge of representations and instructional strategies that are

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

practice.
SUBJECT MATTER O
KNOWLEDGE GENERAL PEDAGOGICAL ENOWLEDGE
L .
substantive tent Syntactic a;;.mers Classroom Cm‘ic&].h]m Other
Structures comtent | shuctures learning Management ﬁlstra'fllct{on
PEDAGOGICAL CONTENT KNOWLEDGE
Conceptions of Purposes for Teaching Subject Matter
Studenss Uderstanding| CUICHar | Knowledge of
= Knowledge | Instructional Strategies
KNOWLEDGE OF CONTEXT
Students
Commumnity | District ‘ School
Figure1.Gr ossmano6és model for teacher knowl ed:

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

from eight elementary mathematics teachers throughdaséd interviews. In these

interviews, participants were requested to plan a lesson, criticize atejoesh

|l esson, and determine the studentso6 misc
eliminating tkem in equivalence of fractions topic. Analysis of the data showed that

teachersdé knowledge was based o-mattdrour di |

studentsdé6 understanding, media for instr.
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A 4
FSTUDENTS' UNDERSTANDING MEDIA FOR INSTRUCTION

- Students' leaming procasses + Taxt's traatment of subject matter
+ Studants' typical understanding + Taxt's topic Iurga"l’za:ian
+ Studants’ commaon arrors + Text's activities and problams
+ Things that are hardieasy lor students ' E!f_af:!s of rnatari.als on students' learning
+ Particular studants' undarstanding + Pairing of matsrials and content

+ Pairing of materials and students

\* Pairing of materfals and text y

SUBJECT MATTER ]/

» Purposes of math instruction

« Justifications for learning a given topic
+ Impartant ideas o teach in a given lopic
+ Prarequisite Kpowledge for a given topic
« Typical “school math™ problems

INSTRUCTIONAL PROCESSES
STUDENT FOCUS PRESENTATION FOCUS MEDIA FOCUS

« Learning activitias

* Questions 1o s1luden1s ) Graga-specuflc .CUI’!'ICb.[hm + Instructional use of the taxt
+ Homewark assignmants » Topic organization « Insiructional usa of matertals
« Assassment of studants » Teaching strategies
+ Remediation « Lasson organization
\_ * Motivation « Explanations y,

Figure 2. PCK structure suggested by Marks (1990, p.5)

In the model, teacherso curriculum and a:
instructional processes. Different than the other PCK models, Marks integrated

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

not shown as a separate structure as in other models (e.g., Grossman, 1990), on the
contrary, PCK is sum of these structures existing in the model (Figure 2). Yet

another difference was that he did notasee |l i ef s6 i n his study,
only 6édknowl edgeb. Marks (1990) also stre:
each other, which makes it hard to structure PCK. Similar to Grossman (1990),

Marks also explained the blurry line between comptswith some examples. For

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

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

and knowledge how students learn. Although the relation betweeorh@nents

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

between them in the paper.
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Cochran et al(199]) andCodran, DeRuiter, and Kindl(9 93) ext ended Sh
(1986) PCK idea in light of the Constructivist viewle&rning (Figure, 3). They

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

a static nature, which contradicted to P
the model show the development of knowledge in time with éxpez. In PCKg

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

and knowledge of context.

Figure3.Cochr an et arhodebs (1993) PCK

Di fferent from Shul maaidnsknowledyeodqurridalhi c on c «
knowledge of educational goals and purposes, and knowledge of the content

components were not thought as separate parts, rather, Cochran et al., examined
knowledge of curriculum and educational goals and purposes compandetsPK

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

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

they viewed PCKg as combination of four basic components, namely, knowledge of
envronmental context, knowledge of pedagogy, knowledge of students and

knowl edge of subject matter. fét heoretic:
integrated and interrelated that they no longer can be considered separate

knowl edgeso (Coddhran et al ., 1991, p
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Different than the other scholars (e.g. Shulpi®86;Tamir, 1988) Fernandez

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

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

stronger than others due to the dependence of PCK on teaching practice. They
focused on the nature of PCK by studying
divergence that their study offers to the PCK literature was the focus on which they

built their study. Rathethan subjecspecific PCK, they analyzed generic PCK for

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

professors teaching at different areas (e.g. music, nursing, etc). By the use of data
collected, FernandeBalboaandst i ehl | i sted categories th
Similar to Shulman (1986; 1987) and Tamir (1988), Fernaidd¢zoa and Stiehl

(1995) did not suggest a PCK model showing the componentspsyionents, and

how they are related. Results indicated #metwledge of subject matter, learners,

instructional strategies, teaching context, and own teaghirgpses are basic
constituentsvhichs t r uct ur ed PCK. I f the Aknowl edge
Acomponent i s rel at edthatitdsexamioegaonder| i t er at ul
orientation towards sciencegching component (Friedrichsenal.,2011).

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

However, they stated that participant professors highlighted the impldinerif
assessment of both | earnersd understandi |

of assessment under knowledge of learner category.

In addition to components forming PCK, they also paid attention how those
components are related to each otherb@@ successful teacher, the interplay among
the components of PCK is essential. In other words, separate entities of components
does not result in good teaching, therefore, PCK components should be employed
simultaneously when it is necessary. In additio that, the interplay existing

between the components is tiaear rather different integrations are possible for a

specific situation.

Another model of PCK was developed by Veal and MaKinster (1999). Researchers
built up two taxonomies that wet@eneal Taxonomy of PClandTaxonomy of PCK
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Attributesf or secondary teachersd knowl edge
as making the content understandable to learners by the enactment of varying
suitable instructional strategies. Veal and MaKinstared teaching to translation

of words from one language to other. Teacher is the translator and should know how
to translate well (PCK) for people talking another language (learners) to understand
the phrase (content). Veal and MaKinster criticized Higtiag teacher preparation
programs which did not relate content and pedagogy. The other point they underlined
was the inadequate guide for existing PCK models for teacher education programs.
Therefore, Veal and MaKinster developed two taxonomies fonsacy teacher
education. The researchers stated that although different models were developed by
teacher education researchers, taxonomies including PCK components have not been
developed. Moreover, they criticized the lack of PCK models representing the

hierarchy between PCK components.

The General Taxonomy of PCfkigure-4) shows thepecificityof the PCK levels. It
demonstrates that teachers teaching science at secondary level develop PCK
hierarchically. At the very outside of the General Taxonofff@K development
Pedagogy exits, which means pedagogy covers all others because all teachers have
pedagogy independent from the content area such as wait time, feedback and
evaluation. In the taxonomy, General PCK is between pedagogy and e&peaific

PCK in terms of specificity. At this level, the focus is enactment of pedagogical
knowledge for specific disciplines such as science, history or math. Teachers from
different disciplines may use the same orientations in their class; however, the
answers ofvhy and how they use them may be different. Dorsgiecific PCK is

related to different domains under a specific discipline such as physics or chemistry
for science. Finally, toptspecific PCK is for different topics under a specific

domain, for exampleshemical equilibrium, acids and bases, etc. for chemistry. To
have asolidtopis peci fi ¢ PCK, t e a cdpecificsP€K ahdRKa i n
are supposed to be solid as well.

b a

an
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Figure 4. Generataxonomy of PCK proposed byedl and MaKinster (1999, p.7)

For the taxonomy of PCK attributes (Figure 5 and 6), they used four levels that are
content knowledge, knowledge of students, PCK attributes, and PCK. Similar to
PCK6s nature, content k nspetificeodigpiespenificy b e
Knowledge of learner is another essential knowledge for developing a solid PCK.
According to hierarchical structure of the taxonomy, content knowledge, knowledge
of learner, and PCK attributes are prerequisite for development of P@ie\uer,

the researchers stated that this does not indicate a linear development; on the
contrary, they acknowledge the reciprocal relationship between them. It is interesting
that although other parts of the taxonomy include hierarchy between knowledge
types, this is not the case for PCK attributes. Moreover, they are interrelated and the
development in one of them also influences development of others. PCK is at the

center of the taxonomy, which shows its significance.
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Figure 5.B i r eyeview of taxonomy of PCKattributes (Vealk MaKinster, 1999,
p.11)
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CONTENT KENOLWEDGE

Figure 6. Sideview of taxonomyof PCK attributes (Veal & MaKinster, 1999, p. 11)

Yet another model for PCK was formed by Magnusson et al., (199®@yvigw PCK

as a new type of knowledge formed by the conversion of other domains of
knowledge. If we explain this with an analogy from chemistry, similar to a chemical
process, reactants (e.g. SMK, PK, and KofC) react and product, PCK, with a

different natire is formed.Si mi | ar t o Gr os s man, Magnussol
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four fundamental knowledge domains that are SMK, PK, knowledge of context and
PCK (Figure 7). Moreover, double arrows show the mutual influence of domains on
each other. However, inegflr model, Magnusson and her friends added beliefs to

knowl edge because they thought that bel
teaching.

. Instructional
Syntactic G Learners &
s , Principles
Substantive Knowledge Learning
Knowledge and Beliefs Educational
Educationa
and Beliefs CHuwon B
\ Management Aims

Subject Matter
Knowledge
and Beliefs

il

influences influences

PEDAGOGICAL
CONTENT

KNOWLEDGE
and BELIEFS

*

influences

v

Knowledge
and Bellefs
about Context

Community

Students School

Figure 7. Knowledge domains formed teacher knowledge and their relations
(Magnussoret al., 1999, p. 98).
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Magnusson et al., (1999) described five separate but related components of PCK

(Figure, 8).
PCK
includes
|
Orientation to
Teaching Science
which shapes
/ which shapes
SA
Knowledge of Knowledge of
Science Assessment
Curricula g of Scientific
which shapes Literacy
including which shapes
2 Dimensions
Specific .
; of Science
Science including Learning to Methods of
Curricula \ A Assessing
Science Goals i Scnen_cc
and Objectives Lsaring
Knowledge of
Instructional
Strategies
Knowledge of
Students'
Understanding ’ . Strategies for
of Science Science-specific Specific Science
Strategies Topics
/\ (for any topic)
Requirements Areas of /\ -
for g Student Activities
Difficulty Representations

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

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

In the modelPCK consists of five components which are orientations to science

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

about student so

under st andi

ng

of

speci fi
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about assessmentscience and knowledge and beliefs about instructional strategies

for teaching science. Inspired by Tamir (1988), Magnusson et al., (1999) added
knowledge of assessment of scientific literacy to the model. Moreover, they renamed

Gr ossmanods fpcuwrnpcoespetsi ofnosr otfeachi ng subj ect

Aorientation to science teachingo.

Orientations to science teachicgmponenb f PCK i s r el ated to t e
knowledge and beliefs about goals of science teaching at a specific grade level.

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

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

didactic, conceptual change, activdyiven, discovery, projediased science,

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

characteristics, the rationale behind the instruction differesttatam. Borko and

Putnam &s cited in Magnusson et al., 199®7) likened orientation to science

t e ac h icomgptualonaphih whriedH ect s teachersd deci si
teaching and students6 | earning such as |
homework assigned or types of evaluation
orientation to science teaching directs theinplag, instruction, and evaluation.

Knowledgeand beliefs about science curriculum component of PCK includes
mandatedjoals and objectives, and specific ccmtar programs and materials

Although Wilson, Shulman, and Richgt®87) view knowledge abostience

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

as a component of PCK. Similar to Gr oss m:
goals and objectives includes horizontal curriculum knowledge that is the relation of

topics in the same grade awettical curriculum knowledge that is relation of topics
taught in different grades. The second c¢
about the curriculum that they use and the materials needed to teach science or a

particular topic.

Knowledgeoft udent sd unde reltedtmpossesging informagiani e n c e

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

areas that students have difficulties. The former includes knowledge about

prerequisite skills which are necessary |
knowl edge of studentsodo differences in teil
foomer category. A successful teacher 1is o

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

|l atter iIis related to being aware of stud:
natureofte t opi c, studentsé | ack of effective
and misconceptions are the basic sources of the difficulties students encounter. In

l i ght of the research conducted on teach:
Magnussonetal, (1999) concluded teachers have

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

to solve the | earning difficulties is noli
componentsogp edagogi cal content knowledge in t
knowledge of one component may not be accompanied by changes in other

components that are also required for ef

Knowledge ohssessment in scieneasexamined knowledgof assessment under

two categories; namely, knowledge of dimensions of science learning to assess and
knowledge of methods of assessment. Knowledge of dimensions of science learning

to assess is knowledge about chaspvortht ant a:
to assess (e.g. knowledge, application, science process skills, etc.). The knowledge of
methods of assessment is related to being aware of suitable assessment methods for
assessing the particular aspect of learning (e.g. portfolio, jp&peil test, poster

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

particular assessment techniques.

Knowledge oinstructional strategiess lastc o mponent of Magnusson
model includes two subategories, nasly, knowledge of subject specific strategies
and knowledge of topic specific strategies (Figure 8). Although they are not distinct

strategies, the difference is the extent of them. Subjsatific strategies are broader
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than the topiespecific ones. Théormer is used for science teaching whereas the

latter is for teaching a particular topic in science.

Knowledgeof subject specific strategiesnsists of general approaches (e.g. learning
cycle, conceptual change, etc.) used in enactment of scienuetiast. Teachers

should be aware of the description of the strategies and implement the strategies in
an effective way. This category is much related with the other component of PCK

which is orientations towards science teaching.

Knowledge of topispedfic strategisc onsi st s of teachersdé kno
appropriate strategies for particular science topics. Magnusson et al., (1999)

examined this type of knowledge under two subcategories which arespmaiific
representations and activities (FigureByachers should know when and how to use

the representations which are analogies, models, illustration and examples, and how
to create representations to help learners understand. Moreover, they should be aware
of the advantages and disadvantages of wsip@rticular representation. The latter
subcategory includes knowledge of simulations, demonstration and experiments to
help learners to construct science knowledge and understand relations between them.
Magnusson et al., (1999) stressed the importaheewing the PCK as a whole. In
addition, they thought that relations between the components of PCK are very
important. They said that for being an effective teacher, having a solid knowledge of
one component is not adequate. Moreover, there is a metéthcelation between

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

teaching valuable to the PCK field.

Finally, Park and Oliver (2008) developed a hexagon model which indicates that
PCK is at the center due to its n&Figure 9). Improvement observed in one of the
components may trigger the development of other components and PCK as well.
However, this does not mean that advancement in one component causes PCK
development. On the contrary, the more concordance betiveecomponents is, the
more progress in PCK is achieved. The five components of PCK that they mentioned

are the same with those that was pointed
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Magnusson et al., (1999), they put orientations to teachingcgcterthe top because

they acknowledge the orientationbs infl u
knowl edge of studentsdé understanding in
and interest to knowledge that teachers should have. For the other compbnents

PCK, they agree with Magnusson et al . o0s |
the pentagonal model in light of the literature at the beginning of the study, the data

indicated the existence of selfficacy as a component of PCK.

In light of Shulman (1986) and Baxter and Lederman (1999) wBdek and Oliver

(2008) elaborated PCK at two levealsiderstandingagndenactmentUnderstanding is
teacéwarenesdf di fficulties of teaching a to
topic, and/or effectiveess of an instructional strategy used to teach a particular topic.
Enactment is the performance of teacher si
misconceptions, and/or the strategies that are suitable to implement to teach a topic

in real classroom contexResults indicated that seéffficacy activates teachers in

realization of what they understand in class.

In the model, reflectioin and reflectioron-action are put at the center because
reflection is vital for development of PCK and assists teachergioi@ie PCK

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

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

conducted with three experienced cligny teachers working at the same high

school. They observed teachers through three units, took field notes, conducted
interviews, and took their | esson plans .
Results revealed that the development of PCK occur®tigh t he t eacher s
reflectionin and reflectioron their knowledge. For example, two teachers had an
unexpected event that was the shattering of zinc when students hit it. One of them

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

learner at that moment and reacted to the situation by asking students the reason of it.
Then they talked about elements, compounds, the differences between them and

oxidation of zinc, which is an example of knowledgeaction which is generated in

thecase of unexpected events or results during teaching and by doing refiection
action (Sch?©°n, 1983, 1987, as cited in P

other teacher had the same experience in the lab, she did not do anything when zinc
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was shdered. Rather, she decided to reorganize by providing metals in different
shape for the next year, which is an example of knowledegction produced by
thinking on the practice after teaching. Another point that they got from the data was
t e a ¢ h eeffisady thateslaffective part of PCK. Although it was an unexpected
result, data showed that the higher-séticacy teachers have about their PCK, the

more they us®CKin the class.

They also interpreted that bHeaoheusaéacPE€K
that can be a difficult question which i
reactions to the instructional strategies used in the class, and their ideas that help

teachers to find new and useful strategies for future classesn Wteacher is asked

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

way that is understandable for learners, which helps teachers develop PCK.
Moreover, teachersd obser vatsirategiess,omabout |
activities used facilitate their PCK development because they change them if students

do not | ike them. Additionally, student s
event in the class may provide a new idea to teacher for implememiegt year.

Yet another point was that misconceptions that students have manipulate teachers

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

student s6é mi s c sophigigatedPCKrthey,have.h e mor e

Finally, Parkand Oliver (2008) realized idiosyncratic nature of PCK that can be
explained with differences in teachersoé

features, teachersé experience and teach

In PCK literature there are many modtat have different view of PCK. Gess
Newsome (1999) categorized PCK models and formed two main groups that are
integrativeandtransformativePCK models (Figure 10). Integrative model indicates
that PCK is knowledge formed by combination of SMK, PK, amoMdedge of

context. On the contrary, for the transformative model, PCK is special kind of
knowledge formed by conversion of SMK, PK, and knowledge of context into a new

type of knowledge. The former is like formation of solution which is physical. In
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othe words, the components of mixture still have their own properties. However, for
the latter form of PCK, the formation is like formation of compounds, which is
chemical reaction and results in a new type of substance. According to Gess
Newsome, whatevehé nature of teacher knowledge, it is a valuable construct for

research, practice, and teacher education programs.

. ) Subject Matter Pedagogical
Subject Matter Pedagogical Knowledge Knowledge
Knowledge Knowledge ﬂ ﬂ

* Pedagogical Content *
Knowledge

]

Contextual
Knowledge

Contextual
Knowledge

* = knowledge needed for classroom teaching (@¢mssome, 1999, p. 12)

Figure 10. Integrative andransformatve models of PCK

The figure on the left represents integratfR@K whichis a mixture of SMK, PK and
contextuaknowledge. In this type of PCK construction, PCK is not viewed as a

separate knowledge domain. On the contrédugy figure on the right represts

transformative PCK whicmean? CK i s a new type of knowl e
knowledge bases containisgbject matter, pedagogy, and contest exist, they are

latent resources in and tifemselves and are only useful when transformed into

P C K .GessNewsome, 1999. 12)

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

PCK is still not clearHashweh (2005), in a recent review of PCK literature,

indicated thesame pointMoreover, he mentioned the ignorance of teeghier bel | ef s
from PCK models. Hashweh suggested toifusee ac her pedagogi cal

co nst r (TeC) insgteadiof PCK. With help of the recent research about PCK and

by reconsidering his own and Shul manbs c

provided seven characteics of PCK, that are;
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1. PCKis specific to teacher,
PCK is formed through the formation of pedagogical constructions,
3. With help of preparation for teaching, teaching experience, andqausdting
periods, teachers develop pedagogical constructions,
4. Withthe i nteraction of teacherds knowl edge
pedagogical constructions,
5. Pedagogical constructions are recollections accumulated through both occasions
in class and narratives,
6. Pedagogical constructions are formed for speojats,
7. There should be links between these constructions and different knowledge

types that teachers have.

Hashweh (2005) does not view conceptualization of PCK as a new type of
knowledge and explained the idea with an analogy from chemistry; peddgogica
constructions are molecules and PCK is a mixture consisting of different molecules,

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

2.1.1.Conclusions Drawn from PCK Models

To sum up, first, different models include differenmponents, subomponents,

and relations between them, however; the common domains of teacher knowledge
are SMK, PK, PCK, and knowledge of context for most of the PCK models.
Additionally, there are two parts which all scholars reached a consensusnggard

their existence as PCK components, hamely, knowledge of representations of subject
matter and knowledge of studentsodo diffici
1998). Some of the models view PCK as a new type of knowledge (e.g. Magnusson
et al, 1999), and a mixture of knowledge (Cochran et al., 1991; 1993). Second, due
to the missing pieces in PCK paradigm, although some scholars mentioned the
interplay between PCK components, the field needs more research for clear
understanding of how teaaiseuse different components simultaneously in a

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

construct with components, which helps researchers to study PCK. However, the



32

boundary between them is not straightforward as & @dvawn in PCK models (
FernandeBalboa & Stiehl, 1995Grossmann, 1990; Marks, 1990). Fourth, PCK is
not one or some components; rather, it has an integral nature. The integration of
components in a synchronization results in PCK development (FernBattera &

Stiehl, 1995; Magnusson et al., 1999; Marks, 1990; Veal & MaKinster, 1999).
Finally, in addition to cognitive components, PCK may include affective components
for instance, beliefs (Hashweh, 2005; Magnusson et al., 1999) aredffgelty (Park

& Oliver, 2008).

In the PCK literature, in addition to the theoretical papégginginto nature of
PCK, |l ots of research studies have focus:

subsequent part, they will beviewed

2.2. Research orscienceTead e rPER

Some studies in the | it er-speciichPCK ganerad f ocC U
science PCK, and some components of PCK rather than studying PCK as a whole. In
this part, studies elaborating general science PCK and elaborating some cdsmponen

of PCK were reviewed.

Orientation to science teaching is one of the PCK components that has been studied
rarely (Abell, 2007). I n order to catal ot
Samuelowicz and Bain (1992) collected data from six partitsg@nough semi

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

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

be analyzed under five categories, namely; teaching as supportingtdaaatring,
teaching as an activity aimed at changi ni
the world, teaching as facilitating understanding, teaching as transmission of

knowledge and attitudes to knowledge within the framework of an academic

discipliine, and teaching as imparting knowledge.
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I n the same study, to be able to identif
Samuelowicz and Bain (1992) defined five dimensions that fieecexpected

outcome of learning, the knowledge gained or construgtedla st udent , st u
existing conceptions, directionality of teaching, and control of contgnt102103).
Researchers concluded that teaching conceptions do not have a hierarchy rather those
five conceptions are in order from studeentered to teaencentered. Moreover,

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

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

teacher may have dual teaching conceptions which are ideal akidgvt@aching

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

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

the course, or testing) may cause this situation.

In another study rated to orientation to science teaching, Friedrichsen and Dana
(2003) pointed out a distinction between
orientations. Teachersdé orientation to s
process. The researchergferred to ask additional questions such as in which

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

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

more information about the conteand focused on contextual information, however;

information given in the cards was adequate for prospective teachers.

Due to its pivotal position, orientation to science teaching deserves deep study on it
(Friedrichsen & Dana, 2005). The researcheardist four highlyregarded biology
teachersod orientations to science teachi.
collected data in terms of casrting task, interviews with teachers and
observations of partici paompegitpoftheeac hi ng.
teachersé orientations. Furthermore, the
orientations are specific to courses that they taught. In the study, Friedrichsen and

Dana usedentral and peripheralgoals o s how partins,wgcant sé or
also points to the sophisticated nature of orientations to science teaching. Central

goals were described as goals that direcH
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teaching practice whereas peripheral components are goals that have litdeaont

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

goals. Another point discussed in the study was the relation between orientations and
course levels. Teachers had different orientation for different course thaatigty,

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

and peripheral status. For the nature of the orientations, the composite structure of
orientations includeaffective, schoolinggndsubjectmattergoals. or affective

goals participants mentioned developing positive attitude toward scienee, self

confidence, and having curiosity, which were important for participants. To prepare
students for college and for life were schooling goals. Finally, teachersaalgmhls

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

them. Related to orientations nature, the researchers also stated that they are not
static so researchers can get tacelecedher so
Friedrichsen and Dana (2005) <criticized 1
one orientation determined in the literature because it contradicts the multifaceted

nature of the orientations. The same point was also indicat€d ip yHeikkinen,

and Asuntg2009) and Volkmann, Abell, and Zgagacz (2005).

Different from Friedribisen and Dana (2005), Volkmann et @Q05) studied
instructorsoé, graduate -seavhcegtaashst aidl
experiences in an inquilyased physics course in undergraduate program. They

focused on the three orientations that were didactic, discovery, and guided inquiry
because they were used by the instructor, and GTA in the research. Field notes from

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

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

i nstructordéds teaching was influenced by |
orientation because of early experience inleay; inquiry orientation as a

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

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

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

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

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

discovery orientation because the instructor wanted them to discover everything.
Finally, the dissonance between instruct ¢
inquiry may explainvhy theydo notpreferto use inquiry in clss Therefore, if

teachers are supposed to use inquiry, the first thing that they need is support for
modificationin theirteaching. Then, they should learn how people learn, which helps

them recognize the importance of basic points in inquiry sucHaa®ns between

students and teacher.

Recently, Nargundoshi,ParkRogers, and Akerson (2011) examined two Indian
secondary teachersé orientation to scien
although orientation tecience teaching component of PCK hasn studied with
teachers in western culture, there has D¢
Eastern cultures in PCK literature. In order to fill the gap, they focused on two Indian
teachersdé orientation t theirdeadhiegpradicetanda c hi n
how it is aligned with recent reform in Indian education system. In the case study,

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

India. Similar to Samuelowicz and Bain (1992), results shawadat t eacher s 6
orientations that they explained and their practice in class had differences in terms of

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

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

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

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

to science teaching, they undmeriéncesiad t he
science learning during the interview; however, their instructions were traditional,

and based on content and textbook. Similarly, discrepancies were observed with their
ideas about assessment and their assessment practices. Teachels atatedlt e ar ner s
wrong answers do not make them uncomfortable because learners would need time

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

most probably because of highakes exams in India. The authors discussed that
exambased science teaching had a | arge i mp

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



36

not take teachersodéd orientations toward s
achievement on rate of the reforms is most probably be low than expected rate. In

addition to it, time necessary for grading, lack of materials in classes, classroom
management, and teachersd concerns regar
factors influenang their orientation. Finally, different from other studies summarized

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

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

science teaching.

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

a whol e. I n order to fill a gap that is |
and Luft (2008) focused on five experien:
purposeofthe t udy was to elicit experienced te:
knowledge for science teaching. The data were collected through interviews,

classroom observations, lesson plans and monthly reflective summaries for more

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

second interview, which was conducted after teaching, teachers were asked about
clarification of the teaching that was observed. Finally, at the last interview teachers
constructed a diagram representingthc o mponent s of PCK. To g
about what types of knowledge are necessary for teaching, card sort task was used.
Teachers were provided types of knowledge and asked for relating them. SMK,

knowledge of goals, students, of teaching, of cumaicubrganization, of assessment

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

teachers thought that SMK was the most important knowledge in teaching science
whereas there were differences for other knowledge in ratingicipants stated that

their PCK developed with help of the experience in teaching and participating to
workshops. Although they had consensus on the knowledge necessary for teaching
science, their representations for general PCK were different in tergnsugfing

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

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

research whether it may be another component of PCK.
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Different than the othestudies, Lee, Brown, Luft, and Roehrig (2007) examined 24
beginning teachersd PCK through induct:i
components rather they focused on knowledge of learner and knowledge of
instructional strategy of the participamtso were enrolled to the different induction
programs (e.g.-enentoring and scienespecific, etc.). Data were gathered through

pre and post interviews, observations o
documents related to teaching. Analysis of v and observation data was
carried out by wusing a rubric including
of learner and instructional strategy. The levels were limited, basic, and proficient.
KruskalWallis test results showed that there wasigaificant difference between

the teachers from the different induction programs in terms of PCK levels (H (4,
24)= 2.89, p=.44). Descriptive statist.i
was either limited (76%) or basic level (%24) at the baigo of the school year
whereas at the end of the school year,
level, 34 % of them was at basic and only 1% of them was at the proficient level.
Based on these, researcher s cnotadequate,e d t
which reflects weakness of pservice teacher education programs in PCK

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

during teaching activities that were su

In arecent study, Park, Jang, Chen, and Jung (2011) focused on seven biology
teachersodo PCK and their i mplementation
topics. I n the correlation study, to as
by Park, Chen, andiang (2008, as cited in Park et al., 20&&% used. In this rubric,

only two components of PCK, namely, knowledge of instructional strategy and
knowledge of learner are included. For implementation of reforms, The Reformed
Teaching Observation Protoc® TOP) developed by Sawada, Piburn, Turley,

Falconer, Bloom, et al., (200@s cited in Park et al., 201Was utilized. In addition

to data collected through PCK rubric an
teaching, and pre and post interviews conduatigtal teachers were data sources as

wel | . Results showed that there is a si
and RTOP scores (r=.831, p< 0.0h)other words, the mom@bustPCK that
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teachers have, the higher probability is for integratingrmrebased teaching into
t e ac h er sAaditipnally,alt subscales of RTOP had positive and significant
correlation with PCK. The highest correlation was observed between procedural
knowledge subscale of RTOP and PCK scores (r=. 805, psW&Aith means
teachers with rich knowledge of science content have a tendency to pay more
attention to reforrbased teaching in their classBsle to correlational nature of the
study, no causal effect was concluded; however, the study was interesting regarding
tobe able to show the relation of teachers
reformedbased teaching practice. Although PCK was not assessed totally rather two
components were focused on, still the study provided beneficial result to PCK

literature.

To sum p, as the studies summarized above showeddhahers may have more

than one goal to teach science, namely, central and peripheral for a specific grade. In
addition to subject matter goals, teachel
domain and schaling (Friedrichsen & Dana, 2005). Due to the fact that orientation

is the chief component manipulating the others, to make a change in the orientation is
chall enging (Vol kmann, et al ., 2005) . Adiq
orientation and theileaching practice may not be the equivalent possibly because of

the loaded curriculum or the natisvide exams (Nargundoshi, et a].2011;

Samuelowicz & Bain, 1992).

In addition to preserviceandirss er vi ce teachersé PCK, some
analyzed instructors and GTAs (Volkmann,etal 2005 ) , and beginnin
PCK through the induction year (Lee et al., 2007). Although extensive training was
provided to beginning teachers, PCK development was not enormous. In other

words, to yield prgress in PCK, support offered to teachers should berlamgng.
Finally, teachersd PCK and their view ab:¢
teacher (Lee & Luft, 2008).
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In the next part, research focusing on Sl
teaching was reviewed. As Shulman (1986) and other scholars pointed, SMK is

essential for development of robust PCK.

2.3.ResearchElaborating S M Ksdnfluence onPCK and Teaching

Some of the researchers studied the effect of SMK of teachers on @mgimgl, and

teaching. To investigate how SMK manipulates PCK and teaching, researchers
compared and contrasted teachersodo teachi |
and no certification. In some of the research, discourse in the class and quality of

guestions were also examined.

Sanders, Borko, and Lockafti993) studied three experienced secondary science
teachersdé planning, teaching and reflect]
their major and the other was not. Their experience in teetified area was

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

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

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

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

and the classroom. Results indicated a di
reflection, and their teaching in those areas. First, they stated thatehegapable

of changing the flow of the |l esson in | i
Another point was the attention that teachers paid to the decision of use of

instructional strategies in clagslithough teachers had rich archive of actestand

handouts, and a rich understanding of how to plan a lesson in their area of

specialization, they were weak in planning for the topic that was out of their area of
specialization. So, they lost lots of time on planning those classes and needed

activities and help. Limitation in SMK caused difficulties in determining the key

concepts, activities to use, how to teach, and what learning goals should be attained.

For teaching the area of outside of certification, their PK was also weak. For

example, thegould not predict how long an activity would take. Therefore, they

planned more activities than they needed for the case of failure or time left after
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teaching planned activities. In terms of PCK, they felt inadequate especially about
knowledge of learnersSimilarly, they were unconfident in determining the teaching
methods used for teaching the topic that they did not know very well. Although they
decided everything about the teaching topic from their area as an expert, they were
seldoubting when doinghose in the area that was out of their specialization.

Second, differences also occurred in their teaching. For instance, in the area that was
out of specialization, they had difficul
did not let students talk much and used teachegntered activities. Moreover, they

tried to use the exact definitions of terms from the unfamiliar area. Interestingly,

classroom management problems were also observed while teaching the topic out of
specialization. In terms ¢CK, although they were confident in flow of activities

and the changes made during teaching in the certified area, they could not do these
automatically in the other area. In reflection part, differences were also found.
Although they focused on learnérs c o mpr ehensi on and di scuss
for different ability groups in the familiar area, teachers concentrated on their

teaching procedures while reflecting the unfamiliar area.

Finally, participant teachers had unique features when thelttaugof area of
specialized area. When they were compared to novice teachers, it can be said that
their PK helped them a lot. Furthermore, experience in subject specific PCK made
another difference between them and novice teachers. According to thehesga
when content knowledge is weak, PK took a major role in planning and enacting

teaching till content knowledge is conceptualized by teachers.

Similar to Sanders et a(1993), Ingber (2009) compared and contrasted six science

t eac her s éning D Knd butsideof their area of expertise. Particularly,
participantsdé planning, use of resources.
studied. Data were gathered through survey and think aloud sessions while

participants were planning. Resutsowed that teachers were better in terminology

use in their area than outside of it during planning. They could relate more concepts

in their area than they did outside of their expertise. Similarly, they were more
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knowledgeable about the resources nergd®r enriching SMK and teaching when
they planned for a unit in the area of expertise than they did it for a unit outside of
the expertise. However, there was no significant difference in their choice of
instructional strategy in planning for all unitsgber stated that instructional strategy

use was teachepecific rather than being topspecific.

I n a yearl ong study, Carlsen (1993) exami
discourse in class. The participants were four novice biology teachers.dyyarg

card sorting task, they determined in which topics participants feel adequate. Both

high and low ranked subjects that participants indicated were observed.

Additionally, interviews including questions to understand which interests, hobbies,

and oher experiences in professional development program might support their

SMK were carried out. The researchers observed each teacher for four hours two of

which were for lowranked subject and two for highnked one. Results showed that

teachers had a tdancy to ask low level questions when they were unfamiliar to the

topic taught. Furthermore, they let learners more talk in class if they were

knowledgeable about the topic. Another interesting result was the less knowledge
teachers had about the topic tnore questions they asked to the learners. Despite

these results, Carlsen concluded that the results did not tell that SMK effects
classroom di scourse due to differences i

topics and with different learners.

Similar to Carlsen (1993), Newton and Newton (2001) studied how SMK influences

el ementary teachersd classroom discour se.
in 17 different schools by the use of observation schedule including recording

instruction, eachers asking, teachers telling, and-amal provision parts. In the

study, they focused on how much time teachers devoted on questioning and telling.
Results showed that participant teachers spent much time on descriptive/factual

questions that could gt under lowlevel questions category. Additionally, some of

the participants had science background and some of them did not. So, th&sstun t

to compare and contrast those two groups

asking causal questionsesults showed that teachers with science background had
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much more oral discourse than those without science backgrgd@y=@.50 p=

0.02, effect size= 0.73) and asked more casual questions during tea@t8jreR(24,

p= 0.03, effect size= 0.65). In g of the results, researchers stated that content
knowledge is not the only knowledge that a teacher should have, however, it is vital
for fluent and effective teaching. Newton and Newton (2001) suggested that teachers
should be informed about how to getcessary knowledge from reliable and valid
sources, and how to use that piece of knowledge in their planning and teaching rather

than loading all pieces of information to them.

To examine the influecof SMK in teaching, Rollnick et a[2008) studiedvith

three experienced teachers two of whom were working in high school and the other
was working in an access program that provides help students to be ready for
university science courses. In the high school context, they studied mole concept
wherease s ear chers focused on the other teact
topic. The data were gathered by using CoRe;dRs; interviews before and after
teaching, observation, and field notes. In the study, participants did not fill the
COREs, howevergsearchers filled them with the information gathered from other
data sources. In the first case study, both teachers started with the conceptual part of
mole concept and they continued with the calculation part of the topic. However,
teachers did nottss the conceptual understanding of the mole concept. Rather,

they focused on calculations because of the external exam system which includes
algorithmic questions. Furthermore, neither of the teachers provided the relation
between the conceptualandealc at i on part . Researchers st
shallow understanding of the topic might make the relation difficult for teachers. In
addition to that, interviews during whicjuestions related to SMK were asked to
participantsthey realized that teachdrad limited SMK in the mole concept. One of

the participants acknowledged that her SMK in the topic was inadequate; however,
the more she learned about the mole concept through her career, the more she
focused on how to teach the topic effectively. Theecstudy in the access program
context, the participant had strong SMK in chemical equilibrium topic, deep
understanding of curricular saliency which is related to sequence and relation of the

topic in the curriculum, and rich knowledge of learners dueg@xperience in
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teaching. The teacher could achieve the transformation of SMK to knowledge for
teaching by amalgamation of knowledge of learner and context. In other words,
results revealed the vital role of SMK for developing rich and deep PCK because
teachers with limited PCK taught algorithms whereas teacher with strong PCK
stressed the conceptual part of the topic and used different strategies in a flexible
way such as fAextr ecnequiliisrians constant. &madyp i ngo f or
although the SMK ppatrticipants influenced their teaching, researchers took notice
on the context in which teachers teach. So, they thought that only focusing on
development of SMK is not a realistic idea, thereftrey also suggested to make
the school and classroom ¢ext better In my opinion, in addition to SMK, topic
specificand contexspecificnature of PCK maglsoexplain the differences between

studied cases.

From the research studies mentioned in this section, we could reach several

conclusions. Forexampl, when teachersé SMK is weak,
terminology, making changes in the flow, enacting leacestered activities, and

letting learners talk in the class are very demanding for teachers (Carlsen, 1993;

Ingber, 2009; Sanders et al., 1993). Sinylahey had a tendency to ask ldewvel

guestions (Carlsen, 1993; Newton & Newton, 2001), and not to relate algorithmic

and conceptual parts of the topics (Rollnick et al., 2008). However, robust SMK does

not entail the solid PCK. Ingber (2009) obsertemtchers in different topics in which

they had good and weak SMK. However, teat

the same for both topics, which contradicts to tegmecific nature of PCK.

2.4. Research onn-serviceScienceTe a ¢ h Bopisspedfic PCK

In this part, studies that specifically focusedosie r vi ce t esmecfiker s6 t o
PCK in science area were summarized. Many studiestigategre-service science
teachersdo PCK and PCK devel opmeat in the
service teachers have little experience in real classroom context, their PCK is not

robust (van Driel et al., 1998) Although teaching experience does not guarantee for

rich PCK (Friedrichsen, Lankford, Brown, Pareja, Volkmann, & Abell, 2007)
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research hashowed that teaching experience is one of the important sources of PCK
developmentGrossman, 1990; Shulman, 198Therefore, studies only conducted

with in-service teachers were summarized in this part.

Berg and Brouwer (199Bxamined 20 highschoplhy si ¢cs t eacher so6 kr
studentsdé misconceptions and knowl edge o1
in rotational motion and gravity topic. The data were collected through the

interviews. Results revealed that teachers were not awareohlear s 6 ¢ o mmo n
misconceptions in rotational motion and gravity topic; moreover, they thought that

most of the learners could answer the questions askeekctly For example, only

one of the 20 teachers was aware that students think that due to lac&rofredr

moon, there is no gravity there. Although it was a very widespread misconception,

they did not mention it during interviews. When teachers were asked about the

teaching strategies they used during teaching the topic, they stated that they
employedexpository, demonstration, analogies and questiedisgussion. Most of

the teachers preferred to utilize expository teaching and analogies that are very brief.
Additionally, discussion and questioning were used by hessli0 % of participant
teachers.Three of teachers stated that they would focus on misconception held by
learners. Generally, teachers were oblivious of the conceptual change strategies to
addresghem. Similarly, their suggestions faddressing misconceptions also

indicated that thenstructional strategies implemented were not helpful for students

to have conceptual change because they did not provide any dissatisfaction with the
existing conceptions. Rather, teachers insisted on the scientifically accepted

knowledge. The final poirwas that the unawareness of participant teachers about

the research on | earnersdé conceptions.

Al t hough their focus was t veeddisdtal.dent t ea
(1993) also provided an experienced c¢hemi
student teachers had faced with an unexpected difficulty when teaching isotopes.

They only focused on the content delivered. They did not take into account that

learners had prior knowledge about average concept; however, they did not know

weighted averageecessary for learning calculation of average atomic mass.
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Therefore, students could not understand the topic meaningfully. On the contrary, the
cooperating teacher with 3@ar experience in teaching chemistry employed a

strategy which aimed to introdueesighted average concept to the students. The
researchers attributed cdumiclundsaliedfcghatisnce t o
being knowledgeable about when the topics should be taught and how topics are

related to each other (Rollnick et al., 2Dp@8d to their choices in use of alternative
representation of SMK. The student teachers preferred to use representations close to
scientific one whereas experienced teacher preferred to use representations which

could be understood easily by learners.yfbencluded that the point beginning

teachers need is thinking pedagogically which necessitates considering about learners

and context rather than simply focusing on how to deliver it.

In some of the topispecific PCK studies, researchers examined thagds in
participantsd PCK t hr o utetmont Krajckpandk s ho p s .
Borko (1993) focused on the influence of a tweek workshop about
demonstrationsoneight-smer vi ce t eacher s ére®d3@KDatan dens.i
were gathered by usgy clinical interviews before and after the workshop. The

workshop includd two basic parts that were theoretical and application part. After

providing information about demonstrations, three different application parts which

were demonstrations conducteyginstructors, by participants to the group and by
participants to middle school children were carried out. Result showed that although
teachers could suggest only one demonstration, if any, before the workshop, they
increased the number of effective dersations to three or four at the end of the

workshop. Furthermore, they started to make modifications on provided
demonstrations to make them more meaningi
awareness about the relatedness of complexity of demonstratios withhd e nt s 0

| earning increased. Another increase was
benefit of inquiry use during demonstrations. However, there was no change in
recognizingwhatteaches should daluring demonstration. They concluded that

teache s6 PCK coul d be broadened by particip
points no difference was observed, which was attributed to the complex nature of

PCK construct.
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Another studyncluding in-service teachers was conducted by Magnusson, et al.,
(1994).ltfocusedondacher s6 SMK, knowl edge of | ear:t
the difference between heat and temperature concepts in tedghiagvere

gathered by using serstructured interviews during which participants were asked to
answeroperendedta ks used to measure teachersd kr
problem solving tasks to measure their SMK. Results showed that some of the

teachers had some misconceptions in heat energy and temperature topic.

Additionally, although participants were generallyawvea of | ear ner sdé mi
in heat energy and temperature topic, they were weak in questioning why students

think so. Finally, though the difference between heat energieamgkrature is

important pointfeachers generally preferred not to stress ifference in their

activities rather they focused on either heat energy or temperature separately.

Similarly, Van Driel et al., (1998) examined the influence of a workshop on-12 in

service chemistry teachers with more than-frear chemistry teaching egpence.
Specifically, the study focused on | ear n
chemical equilibrium topic and employing different strategies and techniques to help
learners understand the topic. After the first part of the workshop during vileigh t

di scussed possible misconceptions, diffi
and how to remedy them, teachers taught the topic in their classes with help of the

course plan provided by researchers. Then they came together and reflected on the

participantsd experiences. Before teachi |
argumentations did not include | earnerso
on studentsd reasoning in | earning dynami

produced mee analogies for the dynamic nature of equilibrium after the workshop to
help learners understand the point. Additionally, teachers used molecular level to

help learners understand the dynamic nature of equilibrium. Researchers concluded
that the workshovas useful for teachers in enriching their knowledge of learner and

knowledge of instructional strategies in chemical equilibrium.

Similar to Clermont et al(1993)and Van Driel et al (1998), to examine how
teachers reflect the training about acid Bade chemistry to their classes, Drechsler

and van Driel (2008) studied with nine experienced teachers. Two years before the
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study, they provided training about | ear |
base, and electrochemistry. Then, theyfocused t eacher s6 knowl edg:
difficulties in acidbase chemistry, whether they use models during teaching acid

base topic, and how their satisfaction with teaching the topic has changed during

their career. However, they did not observe theppricnt s 6 cl asses so W
teachers really use them or not is unknown. Teachers stated three basic categories

that were difficulties in calculations, in writing and meaning of reaction equations,

and in understanding bases topic. Related to the used#ls) six teachers used

them whereas three of them did not use because they explained that using different
models in this topic makes it more difficult for students to learn the topic. However,

five teachers believed that students could understand thelsngsed in acithase or

other topics of chemistry. For the changes in their teaching the topic, teachers

modified the way of explaining the topic, algorithmic calculations used, and

laboratory activities. The reason of these revisions were observing studed

difficulties, sharing ideas with colleagues, research, and thinking critically about

their teaching. For their satisfaction level, four categories that were completely

increasing, completely decreasing, starting with a decrease then increasing, and

starting with an increase then decreasing were determiinedreserachers stated

that the diffeences in the level of satisfaction might be related to the support that

teachers received from an expert of teaching and/or a reseracher in science teaching

area The more assistance teachers are given, the higher level of satisfaction teachers
have.Finally, although participants were provided training on use of models, they

stated that they need training how to use them in class.

Different than the other stieb reviewed in this part, Veal and Kubasko (2003)
compared geology and biology teachersod t
in both areas. They tried to answer why and how geology and biologepree

and inservice teachers differ in teachiagolution that was included by the both

subjects. Data were gathered through classroom observations, field notes, interviews

and informal conversation with participants. Results showed that while geology

teachers tend to tell evolution by relating it éeks and earth, biology teachers used

animate and life. Moreover, when they comparedsenice and irservice teachers,
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they stated that preervice teachers had a tendency to teach evolution more

traditionally than irservice teachers, which could bé&ibuted to inadequate

knowledge of learner and of activities for teaching the topic.

I n addition to high school-speciiePGK,stry and
under gr aduat e-sppcafioHCK was also examirted. paditancede

L e - n ,bade,emd Garritz (2008}judied with four experienced undergraduate
professorsé PCK in the amount of substan:i
the reason behind the difficulty in learning and teaching the topic may be related to
paradigm thaprofessordiad Therefore, the researchers tried to categorized
professorsodé view byoRedoangyzedreEoRedaaol | ect ed
Conceptual profile Model developed by Mortimer (1995, as cited in Padilla et al.,

2008) was used. Five zones of cortaaepprofile, namely, perceptive/intuitive,

empiricists, formalist, rationalist, and formal rationalist were described by the
researchersCoRedata were read and tried to be categorized. Then, they drew graphs
showing how many t i no€CeRepeserabelled withrefimet s 6 an s
zones. They calculated percentage of times that professors thought was coherent with

a particular zone. Results revealed that two of the participants were at the two

extremes of the zones. One of them used equivaleatigtiigm which stresses mass

and volume while teaching amount of substance, which shows she was in the

empiricist zone. The other one had atomistic paradigm that focuses-on sub

microscopic level and counting them, which indicates that she was in the formal

rationalist zone. Other two professors were between these two extremes, however,

their teaching was not categorized as one of the zones because they did not have a
particular paradigm rather they almost applied all of the strategies described under all

of the zones. Finally, they suggested the useai®eand Conceptual profile model

as a new way of analyzing teachersdé PCK
the topics that they taught.

Henze et al., (2008) studied nine experienced science te@chd?sC Klodelsof 0
t he Solar System and the Universed. Alth
not have much experience in implementation of the new science curriculum. They

studied PCK development; however, they focused on knowledge about ins@lictio
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strategies, knowledge about studentsd un:
students; and knowledge about goals, and objectives of the topic in the curriculum.
Semistructured interviews were used to collect data. Interviews were conducted

following three yeardata analysis showed that there were two types of PCK that
participant teachers had. Type A focused on content of models whereas type B

focused on the models and model development in science as well as model content.

In type A PCK, knowldge of instructional strategy is at the center and is surrounded

by other three components namel vy, knowl edge of student
assessment, and goalsd objectives of the topic in the curriculuiiere was a

harmony between knowledge of goalsi&mowledge of instructional strategy.
Additionally, Il earnersé6é difficulties and
knowledge of instructional strategy. Another relation was between knowledge of
assessment and knowledge of learners. Data gathered fronpagans help

teachers update their knowledge of students. Finally, knowledge of instructional

strategy and knowledge of assessment werecalsespondindo each other.

Teachers taughtontentof the model durig instruction and assessed the content of i

in the examSimilar to type A PCK, there was a consistency between knowledge of

goals and of instructional strategytype B PCK Specific to these types of PCK, the

relation between knowledge of learner, of assessment and of instructional strategy
wasreciprocal. Both knowledge of instructional strategy and of assessment

supported knowledge of learner. Similarly, development in knowledge of assessment

was informed by both knowledge of instructional strategy and knowledge of learner.

In both types of PK, knowledge of goals did not change. Each type of PCK has its

own development and interaction among the subcomponents. Authors argued that

PCK development is influenced by PK and beliefs. The development of type A PCK

may be explained by inadequate SMKlant eacher sdé positivist v
models. Correspondingly, adequate SMK, relativist and instrumentalist view of

models can be attributed for development in type B PCK. Another remarkable result

was that the amount of development in PCK components @tasmilar. For

instance, although a substantial progress was noticed in instructional strategy, the

progress of assessment strategies was little.
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I n her dissertation, Lankford (2010) el al
PCK in diffusion and osnsis topic. Five of the participants had a constructivist

orientation that wunderlines studentsod ac!
i nvestigations to construct knowedgeedge. H

transmission orientatian, wh i cehwseteetdes and validation experiments in

her teaching. When Lankford (2010) focus:
orientations, she realized that teacher s
colleague, participation in professionavd®pment activities were related to how to
usestudentdriven researchFive teachers with constructivist orientation

implementedimplicit 5E instructional model in teaching diffusion and osmosis.

Additionally, all participants preferred to teach diffusibefore teaching osmosis. In

terms of representations used, all participants were careful about use of them from

simple to complex. So, they started with cellular level and then went on more

complex representations of organs of plants. Teachers diagheseificulties that

students may have in use of terminology used to explain diffusion and osmaosis,
visualization of the events at molecular level, and determining direction of water

movement in osmosis. Teachers attributed the second and the thicd oret udent s 0
i nadequate chemistry knowl edge. Four of
difficulties informed their instructional decisions so they used animations showing

diffusion and osmosis at molecular level. In terms of assessment, teachers had

students tell their predictions before demonstrations and investigations, which

formed a base for detecting studentso pri
idea provided fruitful information to teachers for designing teaching and determining

what threy have learned until a particular point. With help of the data gathered

through these strategies, teachers decided to implement analogies and animations to

help students understand diffusion and osmosis. Finally, regarding to curriculum
knowledge, their gals were determined by state standards, however, at some points

(e.g., random molecular motion) teachers provided more knowledge than necessary.
Teachers also made horizontal connections to prior topics taught to teach the topic in

a better way.
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Different than the other studies summarized abBredrichsen et al(2007) studied

PCK in Alternative Certification Program (ACP). To gain insights regarding
participantsdé PCK for teaching genetic
preparation rathod and interview following the lesson preparation. Participants were
two interns with no teaching experience and two science teachers with some
experience in real classroom context. All PCK components were compared and
contrasted between thetwogrougse sul t s showed that all
to science teaching was didactic that focuses on the transmission of knowledge from
teacher to students. In terms of knowledge of learners, although participants stated
that students may bring some priorokvledge regarding genetic variations to the

class, they could not specify them. When asked the sources of their knowledge of

learner, interns mentioned own experience whereas the teachers referenced teaching

V

pa

experience in class. Another differencewasobsv ed i n t heir knowl e

difficulties in learning the topic. Interns thought that learners would not have any
difficulty; however, teachers stated that abstract nature of the topic makes it difficult
to learn. When they focused on the institl strategy component, researchers
realized that both groups had the same instructional sequence including-tedcher
discussions, lecture, and practice what was learned. Teachers used small groups
during practice time whereas interns did not. Ondefdisappointing results was
related to knowledge of assessment component wiashamissing part in both
groupso6 |l esson plans. So, researchers
understanding. Interns stated that they would use summative asseasthe end

while teachers preferred to do informal assessment during teaching. Regarding to
how to use assessment results, both of them mentioned that theytasee

whether learners need-egplanation of the concepts. The major difference was
observed in knowledge of curriculum. Interns almost lacked this type of knowledge
and used textbooks as curriculum guide. On the contrary, teachers were
knowledgeable about state and district standards. Finally, interplay between PCK

components was focused.t er ns 6 PCK | acked relation

as|

b ¢

teachersdo PCK included interaction among



52

To sum up the research studies in this section, topics have been studied are amount
of substance (Padillet al.,2008) rotaticnal motion and gravity topic (Berg &

Brouwer, 1991), isotopes (Geddis et al., 1993), heat and temperature (Magnusson et
al., 1994), chemical equilibrium (Van Driel et al., 1998), density angrassure
(Clermont et, al., 1993), aciohse chemistry (Dresker & van Driel, 2008), and

osmosis and diffusion (Lankford, 2010). These studies were conducted with
undergraduate professors (Padilla et al., 2008), physics teachers&(Beogwer,

1991), chemistry teachers (Geddis et al., 1993; Van Driel et aB; D88chsler &

van Driel, 2008), and middle school teachers (Magnusson, et al., 1994).

Results showed that teachers may not be
difficulties (Berg & Brouwer, 1991). Furthermore, they may have some of them
(Magnusson edl., 1994). Even if they know which misconceptions that learners

have, they may not be able to use appropriate instructional strategies to eliminate

them (Berg & Brouwer, 1991). Teachersodo ki
the topic hard for learnersid which prerequisite knowledge necessary for learning

a new topic seem to develop through experience, which is labetedrasilar

saliency(Geddis et al., 1993). In light of these, to accelerate the PCK growth,

workshops and PDs are useful for teasherenrich repertoire of activities

(Clermont et al., 1993), analogies (Van Driel et al., 1998). Finally, the development

level of PCK components (e.g. knowledge of assessment) may be different for a

specific topic (Henze et al., 2008).

Research onteaehr s 6 P C K-spacifidPCK algw premises rich and valuable
informationr egar ding to how SMK influence teacl
components interplay. Although the results for interplays among the components and
SMK-PCKrelationswere mentioned aboveh&n the studies focused on them, in

order to make the conclusions about the interplay more obviotlg next part,

conclusions for interplays wepgesented.
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2.4.1. Conclusions fot nterplay among SMK, PCK, PK, and PCK Components

In the literature may studies mentioned how SMK and PK influence PCK, and how
PCK components influence each other. Grossman (1990) stated that PCK has five
components but the division of them is not clear in pradileeks (1990) also

stressed the incorporation of compomsenith each other, which makes it hard to
structure PCK. Similar to Grossman (1990), Marks highlighted the blurry line
between components. In their model, Cochran et al., (1991) viewed PCKg as
combination of knowledge of environmental context, knowledgeedagogy,

knowl edge of students and knowl edge of
components become so integrated and interrelated that they no longer can be
considered separate knowledgeso (Cochr
et al, (1999) stressed the importance of viewing the PCK as a whole.

In addition to components forming PCK, Fernan8aiboa and Stiehl (1995) also

paid attention how those components are related to each other. To be a successful
teacher, the interplay amotige components of PCK is essential. In other words,
separate entities of components does not result in good teaching, therefore, PCK
components should be employed simultaneously when it is necessary. In addition to
that, the interplay existing between ttmmponents is ndinear rather different
integrations are possible for a specific situation. Similarly, Magnusson @t989)
thought that relations between the components of PCK are very important. They said
that for being an effective teacher, havangolid knowledge of one component is not
adequate. Moreover, there is a multifaceted relation between the components of
PCK, which makes focusing on the relation and its influence on teaching valuable to
the PCK field.

S |

an

In some of the studies scholass¢ used on how SMK i nfluence

Sanders et al ., (1993) examined three
planning, teaching and reflecting in two fields of science one of which was their
major and the other was not. The richer SMK leas have, the less time that
teachers spent on planning. Moreover, it was more difficult for teachers to find out

the key concepts, activities, how to teach, and what learning goals should be attained

e X |
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in the area which they have less SMK. Similar to SMi€jr PK was also deficient

in the area of outside of certification. Teachers also felt inadequate especially about

|l earnersodé difficulties and misconcepti on:
teachersdé teaching i n feaoreteachereareand unf ami
knowledgeable about the topics, the higher level questions they asked and the more
teachers let learners more talk in class. In a similar type of research, Ingber (2009)
examined six science teachehmesd@eaBfCK i n pl
expertise. Results showed the stronger SMK teachers have, the better they use the
terminology. They could relate more concepts in their area than they did outside of

their expertise. Similarly, they were more knowledgeable about the resources

necessary for enriching SMK and teaching when they planned for a unit in the area

of expertise than they did it for a unit outside of the expertise. In another comparison

study Newton and Newton (2001) focused on how SMK influences elementary

t e a ¢ hassrosnd discolurse. Similar to Carlsen (1993), they also noticed that

teachers spent much time on descriptive/factual questions that could be put under
low-level questions category when they had inadequate SMK. Moreover, teachers

with science background hasuch more oral discourse than those without science
backgroundt(48)=2.50p= 0.02, effect size= 0.73) and asked more casual questions

during teachingt(48)=2.24 p= 0.03, effect size= 0.65). In addition to that, Rollnick

et al., (2008) studied withegpr i enced teachersd teaching i
stated that teachersod6 inadequate under st
between calculations and conceptual parts of the topic difficult for teachers. On the
contrary, when they have robust P& teaching a particular topic, teachers could

achieve the transformation of SMK to knowledge for teaching by amalgamation of
knowledge of learner and context. In other words, teachers with limited PCK taught
algorithms whereas teacher with strong PCKssted the conceptual part of the topic

and used different strategies in a flexible way.

In some of the research, the relation among PCK components was also studied.
Padilla et al.(2008) indicated how instructors with different orientations to science
teaching teach the same topic in different ways. For instance, one of the participants

had atomistic paradigm that focuses on-subroscopic level. His/her teaching was
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based on the particulate level. Different than Padilla gf28108), Henze et al.,

(2008) dig into different types of PCK including different types of interactions of
components. In type A PCK, there was synchronization between knowledge of goals

and knowledge of instructional strategy. Namely, teachers focused on content so they
used vides to help learners learn the content of the Solar system and universe.

Another relation was between knowledge of assessment and knowledge of learners.

Data gathered from exam papers help teachers update their knowledge of students.
Finally, knowledge ofnstructional strategy and knowledge of assessment were also
corresponding to each other. Teachers taught content of the model during instruction

and assessed the content of it in the exam. Similar interplays were observed between
knowledge of goals and ofstructional strategy in type B PCK. The interplay

between knowledge of learner, of assessment and of instructional strategy was

reciprocal. Both knowledge of instructional strategy and of assessment informed

teachers about the possible difficulties flearners may have. Furthermore, the more
developed knowledge of instructional strategy and learner that teacher possess, the

better assessment was done by teachers. Henzg(20@8) stated that each type of

PCK has its own development and interacaomong the subcomponents. Finally,
Friedrichsen et al., (2007) revealed thati
components while teachersé PCK included |

some extent.

To sum up, SMK is essential for rich PCHKglt-quality planning, asking higher

|l evel questions, allowing | earners to col
difficulties. Moreover, robust SMK is necessary for making available the content to
learners. In addition to knowledge domains (e.g. SNRQK components inform

each other. The interplay among the components makes it possible to learn at which
points learners may have problems and/or which strategies should be used to solve

the difficulties. For instance, the knowledge gathered from exaesrpapriches
teachersdo knowledge of | earnersodé possi bl
development of PCK may be different for different teachers with diverse orientations

to science teaching. Additionally, different types of PCK may contain varying

interplays among the components.
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In the sectiongabove research studies in the international area were discussed.

PCK research conducted in Turkey context will be reviewed. Due to context

depended nature of PCK, examination of Turkish PCK studies igtampdecause

they are supposed provide information ab:
context influences teacherso PCK.

2.5.PCK Studies in Turkey

PCK has been an nsively studied construct in Turkey especially in the last years
(Aydén & Boz, 2012). In this part of the
Turkey were gone over. Contrary to international studies, Turkish researchers carried

out the research mogtWith preservice teachers. Therefore, different than the

previous sections focusing onservice teachers, literature about-pegvice

teachersdé PCK had to be presented here.
reviewed, | realized that these studies loartategorized into four groups, namely,

studies focusing on some of PCK components, studies conducted in different

contexts (e.g. professional development program or science teaching method course,

etc.), studies elaborating PEBMK relation, and studig®cusing on PK.

I n a pivotal study, Naki bojlu and Kar ako-:
provided important implications for teacher education programs. They criticized a

point that in TurkeyPK and SMKwere seen as basic domains for teaching.

Howevwer, PCK was not viewed as a knowledge domain that a teacher should have.

With the influence of international literature, recently PCK has been an important

aspect of teacher educationin Turklya k i boj | u an dstréssedthek o - ( 20
importance oftedter educati on programs in teacher
Therefore, they highlighted that teacher education programs should be designed in a

way that support teachers to develop rich PCK. Although those programs include

science teaching method courses,dberses may not provide rich experiences to

pre-service teachers to develop PCK. Therefore, content of the method courses

should be enriched with different activities that provide a chance to mix content and

pedagogy. Another important point that they treared was that at which points of
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teacher education programs courses to build up PCK should be offered. In addition to
pre-service teacher education, they drew attention to permansatvite training.

When they graduate, peervice teachers do not leaxich PCK, therefore, to support
PCK development, Hservice training was suggested.

When | examined Turkish PCK studies, | realized that some of them focused on one
or two components of PCK rather than examining PCK as a wioalgsing on
SMK-PCK reldions, and focusing on PCK development in PD orgaevice

education. Thereford, would be better to organize the review under-gatis.In

the next part, they will be provided.

2.5.1.StudiesFocusing on some of PCKComponents.

Boz and Boz (2008tudiedpres er vi ce teacherso knowl edge
and sources of it. 2@re-service chemistry teachengre provided a vignette with a
teacher who would teach Oparticulate nat |
topic. Participantsvere asked how they would teach PNM, if they had been that
teacher. In |Iight of the participantso al
of them who had different ideas for the case study. Those fosepviee teachers

were requested to pragsa detailed lesson plan. Finally, they were interviewed with

help of the lesson plan they prepared-$&evice teachers favored the use of

traditional teaching method, animations, and hamactivities in the introduction

of PNM. Two of them stated &l they would implement animations and haods

activities because they knew that learners had difficulty in understanding empty

space between particles. In other words, knowledge of learner informed their choice

for instructional strategy. In addition tbhat, PK notified them in terms of making the

topic more concrete to learners and learners may have different learning styles,

therefore, they preferred to implement a particular instructional strategy. Another
source was parti cispuctionaksibatepies.|Onecoftlse about t |
participants stated that if s/he used animations, learners would not take him serious.

Researchers concluded that similar t o Shi
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participants mix different types of knowledge to makesiens for use of

instructional strategy.

Similarly, Uk a k -(e€r0Wi9c)e sstauidd neade sa mxd ptreec h n
in cell topic. Although it was not specified, the study is a qualitative case study for

which data were collected by lesson plans, lab reports, interviews after teaoding, a
concept maps. Results showed thatprer vi ce t eachersd pl ans v
suggestions of Ministry of Education in terms of time spent on the cell topic.

Additionally, all participants except one stated that they would use teeehired

metods, cookbookype laboratory activities, and traditional assessment strategies to
gauge | earnersdé understanding. Only one
openiended laboratory activity and alternative assessment strategies (e.g.

performance evahtion).

I n another study, Aydeéen, Boz, and Boz (2!
service chemistry teachersd choice of in:
mi xtureso6 topic. Data were gathered thr o
par t i deaghiagnntcsoperative high school, and semictured interview after

teaching. All of the six participants stressed the influence of mentor teacher in the

high school in their choice. Even they had to abandon use of instructional strategy
thattheywat t o I mpl ement because-serficementor 6s
teachers mentioned the effect of the topic taught, which is parallel to PCK literature

that stresses the topépecific nature of PCK construct. Pedagogical knowledge was

another factor thahfluenced their choice. Due to the fact that they want to make the
topic more concrete and to attraoot | ear n
activities. Yet another aspect had an influence on them was class time which limited

their use of studertentered methods. Participants also indicated SMK manipulated

their choice. Participants with solid SMK were keen to use discussion and conceptual
change strategy whereas those with deficient SMiKeveluctant to use them due to

possibility of extra quasns that learners may ask. Finally, classroom management

had an impact on them. Pservice teachers implemented traditional method, teacher

demonstration, discussion, and questioning strategies. However, participants, except
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one, did not prefer to usedrning cycle, inquiry, or conceptual change strategies

which were taught in teaching methods course. Additionally, with the exception of
twopreser vi ce teachers, they were not aware
and/or difficulties in the topic.d conclude, researchers stated thatgemice

teachers had a difficulty in implementation of studesittered teaching strategies.

Although they were in the last semester of the teacher education program, they were
unwilling to use different teaching ategies to help learners construct the

knowledge. Due to inadequate SMK, they had a preference for tezaitered

met hods. Therefore, Aydén et al. (2010)
more carefully for internship. They should be a good roldehfor preservice

teachers in terms of implementation of alternative teaching methods. Moreover,

similar to van Driel et al. (1998), workshops should be organized fesgugce

teachers to enrich their PCK.

Finally, Uk a k , aAdHllle(8011) analyed 30 preservice elementary science
teachersd PCK and SMK in chemical react i
learner, instructional strategy, and assessment subcategories were studied. SMK was
assessed by the use of multipleoice test incluaig the written part for the reason of
participantsé answer. To assess PCK, by 1
PCK was assessed. Similar to other studies condudtieghre service teachers

(Aydsn et al ., 2009; ¥zdemir, 2006serviceekbacx,
teachersd i nadequate S MkKenicateachers nad loiga | rea
problems especially in understanding limiting agent and stoichiometry topies. Pre
serviceteaher s6 expl anations for the reasons
not have conceptual understanding of chemical reactions. In terms of PCK, first, they
were not aware of |l earnerso difficulties
coudprovde | earner sd possible diff-seevied t i es a
teachers stated that they generally would teach the unit through didactic teaching

whereas one of them planned to use concept map to teach it. Similarly, only one
participant planne to implement alternative assessment methods suggested in the
curriculum whereas others would prefer ttahal papetpencil test including

multiple-choice questions.



60

Researchonprandins er vi ce teacherso were studied
duringPD activities, teaching experience course, etc.) In the followingarth

they would be provided.

2.5.2.StudiesConducted in Different Contexts

Tekin (2006) studied with 56 seniorpgee r vi ce t eachersdé PCK in
science teaching methadurse. Through the semester, participants prepared lesson

plans and taught them in the course. The researcher observed their teaching with the

use of observation form including points related to instructional materials,

instructional strategy, questionskad by preservice teacher, and handling with
student sé needs. Mor eover, participants
evaluation of their own teaching, the contribution of previous courses and science

teaching method course on their teaching. Restlowed that prservice teachers

were adequate in terms of SMK, however, they had difficulty in providing SMK that

is suitable to studentsdé | evel. Only 30 ¢
other topics. In terms of making students active% of preservice teachers could

achieve it. Regarding to questions asked during teaching, 36% of them were

guestions that help learners to inquire. Finally;seevice teachers stated the

positive influence of science teaching method course on tlaeiitey development.
Teaching and preparation for teaching, al
develop high seléfficacy in teaching. So, Tekin (2006) suggestedritegration of

teaching part into science teaching method courses to developiROgh sel

efficacy in teaching.

In another studyAyde, Demir® gn, Tarlkn, and Uzuntiryaki (2009) studied
developmentofpre er vi ce teachersd SMK and knowl e
of i nstructional strategy in the context
Chemi stry Curr i c wmsestody, Bagawere aollected throught gree ¢
and post administration of SMK test and reflection papers written at the beginning,

during and at the end of the course. In the course, after introducing the concepts,

researchers discussed the related concegtdaily-life events each week.
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Regarding to PCK, high school studentso |

related to the topic of the week, and how-geevice teachers can handle them were
discussed. Moreover, researchers checked whethseprieeteachers have the

similar misconceptions indicated in the literataeezhweek. Finally, researchers

started to topic of the week with a conceptual question, a-lifeilgvent, or
demonstration. Wilcoxon test results showed that pdasst results were

significantly higher than preest results (Z=2.38,p < .018). Similar to high school
students, praervice teachers had some misconceptions and difficulties indicated in
the related literature. For instance, they thought that particles of matter basaarth
properties that matter in the macroscopic level has. Lots of misconceptions detected
in the literature were faced with in the gest. Although many of them were

eliminated in the podest, some of them were resistant to change. It was also
interesting that preservice teachers stated that they were aware of their own
misconceptions in the reflection papers. Regarding to PCK, participants indicated the
enrichment and awareness of their knowl e
difficulties. To elimnate misconceptions, pgervice teachers stated that they would
use demonstrations and analogies whereas they did not think to use conceptual
change and/or learning cycle. Finally, regarding to course, they indicated that it was
so useful for them to expience how chemistry teaching can be done learner
centered, conceptual, and activitgsedTherefore, theesearchersuggestethe

integration of this type of courses to the teacher education programs.

Similarly, Naki boj Il u, Kar akosevicand de Jol
chemistry teachersdé6 PCK development in t
Participants prepared two lesson plans for two hours teaching of electrochemistry

topic atthe beginningnd at the end of t(B0A0) focused s e . I
on two PCK components that were knowledge of learners and instructional strategy.

In the first lesson plan, five of the participants planned to use stodetared

instructional strategies .@ inquiry, learninecycle, etc.). Other four participants

preferred to use traditional, teacteemtered teaching. When prompted, the former

group related to their choice to pedagogy courses whereas the latter related to

observations of traditional teasfs during internship. It was interesting that four of
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the five preservice teachers who planned learoentered teaching at the beginning

of the course, changed their plan at the end of the course and prepared a teacher

centered one. When asked, theyestawith help of the observations in cooperative

high school, they realized that tradnal teaching method was more effective than

others so they preferred it. In terms of implementation of activities, four of five

participants, learnezentered group,aye up to use them in the second lesson plan

whereas in the second group, two of them planned to use tezttered activity in

the second lesson plan. Activities planned to use were taken from textbooks.
Similarly, partici paeased throughstlee era of the eoprsee s e n |
Second,prser vi ce teachers were unaware of | e
topic and sometimes they ignored them. Only one of the participants mentioned

possible misconceptions in the second lesson platodueourse that s/lhe was

taking in that semester. It was unfortunate thatspeer vi ce t eacher sod6 ex
real classroom context could not inform i
through the semester. Researchers stated that teaching ee@eonerses had a

negative influenceonpreer vi ce teachersoé i mpl ementat:.
strategies, activities, and representations. Moreover, they stressed the disparity

regarding to preference of instructional strategy by teacher preparationnpscayne

high schools. Due to negative impact of mentors in cooperating high schools on pre
service teachers, mentors should be trained about how to implement-teartezed

strategies.

Similar to Nakibojlu et al., (2010), Méhl
of teaching practice course. The focus of the study was inteshpre vi ce t eache
view of mentor teachersdé6 SMK, PK, -and PC]|
servce elementary science teachers by the use of focus group interview. Most of the
participants thought that mentors were inadequate in terms of SMK. They also found
themselves inadequate in terms of SMK. They stated that SMK is tmequnsite

for being areffective teacher. Regarding to PCK components, three participants

indicated that the mentors with whom they observed implemented different

instructional strategies. However, others stated that mentors taught in a didactic way

and did not use technologlatevices and laboratory facilities. In terms of curriculum
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knowledge, preservice teachers provided that some of the mentors precisely

followed a textbook and did not use any other activity. In addition to that, mentors

did not follow the new curriculunhowever, they focused on the topics asked in

exams for entrance to high school, which had influence to their teaching as well. Due

to exam style, multipkehoice test, teachers had a tendency to perform exercises as

much as possible. Mentors generallydugaditional assessment strategies (e.g.

tests) and just focused on grading. However, some of them had a chance to observe
mentors implementing alternative assessment strategies and providing feedback
about | earner sdé devel oparicgpants stateld that mméntorg , 1 n
were strict more than necessary, did not

did not have eyeontact with learners.

Di fferent from the previous resea-rch, ¢ol
serviceteaohr s 6 assessment Kk n o-selvieedrgimng.ilnthist he c o
case study, data were collected through PCK achievement test, attitude scale, and
semistructured interviews with participants. The PCK achievement test including

five openended and 3 multiplechoice questions was administered as pre and post

test. Similar to PCK test, attitude towardservice training scale was administered at

the beginning and at the end of the training. Finally, during the-steaatured

interviews conducted alhe end of the training participants were asked about

contribution of training and the effect of it on their attitude. Results showed that post

test results of PCK test were statistically higher than those dégreesults (z=2.20,

p<.05). However,thmg h parti ci pantsd attitude towar
course of training, the difference was not statistically significant (r=0p2@5). In

the interviews, participant teachers stated that they learned about alternative

assessment strategiespecially they were trained both theoretically and practically

about how to prepare rubric, about philosophy of the new curriculum, and about

structure of the new curriculum. Finally, researchers stated that teachers had

difficulties in implementation oélternative assessment techniques suggested by the

new curriculum. Therefore, they have a tendency not to use them in their classrooms.

Trainings providing implementation of those techniques both theoretically and
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practically to teachers are hopedtoema@s e t eachersdéd use of al't

techniques.

In additions to studiefocusing on some of PCK components, and conducted in
different contexts, imurkish PCKliterature,some studies focused &CK-SMK
and PCKPK relations.

2.5.3.Studies Elaborating PCK-SMK Relation

Ukak (2005) st usdarevdi cfeo uerl esneennitoarr yprseci ence
SMK in flowering plant topic. In the case study, data sources were audiotaped

teaching practices, lesson plans, word association task, interviews, concept maps, and
written dcwuments.Prs er vi ce t eacher s6 S#¥ifledwas asses
qguestions. With help of the concepts map:
knowledge was examined. The conceptual network that participants had in their

mind was studied with word agssation task. Moreover, each pservice teacher

was observed about three or four times. Finally, three-sengtured interviews

regarding to nature of teaching, PCK, and SMK were conducted. Results showed

that, in terms of SMK, senior pervice teachs still had misconceptions about

flowering plants. Moreover, they could not discriminate concepts from each other.

One of the interesting points regarding to SMK was that although they could answer

the questions in written format, they had difficulty ra@ings and explaining on

t hem. I n other words, parti ccommmehtsvads knowl
inadequate. Similarly, their knowledge of learner was deficient. Moreover, even if

they had some i dea about Iptoasritwassr s6 di f f i
observed that they could not use them in their teaching. Regarding to curricular
knowledge, they put different emphasis on different objectives in the curriculum.
Additionally, some of the objectives were ignored.-8eevice teachers prefed to

use analogies, models, and simulations in their teaching. They stated that they made
learners active during teaching and matstract pointsoncrete however, the

researcher pointed that their teaching was not stumigriered as they had indicate

Finally, preservice teachers used traditional assessment techniques to assess



65

st ude nt sAtholgh iawas notregplained in the study, it was concluded that
SMK-PCK relation was depend to the participants. Wihexaminedhe results, it
seemedhat the richer SMK prservice teachersave,the betteuse ofanalogyin
teaching thaise in teachinfjowering plants and the better focus on the objectives

stated in the curriculum.

I n another study, ¥zden (200BPCKafRBudi ed t |
pre-service elementary science teachers. Data sources were SMK test, lesson

preparation method, and interviews. Results showed thatpre vi ce t eachers
was insufficient in édphases of matterd t«
heat and temperature, factors influencing vapor pressure, andcsexpaith the

effect of temperature. Regarding PCK components, 21 participants were aware of

| earnerso6 possible misconceptions and di f
that due @ the facthat learnergre unable to think at particulate level, they had

difficulties in learning the topic. Regarding to instructional strategy, the most popular

one was experiment. In addition to that,-pegvice teachers planned to use drama,
groupwor k, and educational games. Researche
teaching approach. Most of them had a constructivist approach whereas some of

them had some aspects of both traditional and constructivist approach. Yet another
point that casedlonwas (he diffcdtips thfatgservice teaches had

during lesson plan. He categorized those under four groups: (1) inadequate

knowl edge of | earnersdé difficulties, (2)
students and to attract their attentigh)( ¢l assr oom management .
(2008) also determined at which points-pegvice teachers need support. 15 of the
participants stated that they need suppol
implementation of instructional strategies. Sixl®#m mentioned their need related

to introduction of new Science and Technology program. Finally, three participants

called for SMK supportAlthough the researcher did not compare and contrast pre
service teacheKanlowIMK grbup, rivadstaigchthaSivorder

to develop rich PCK, SMK is essential.
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Similar t o ¥z dmbetweehGHKand PCK was exanariedbly
Cambazojlu, Demirelli, and Kavak-(2010) i
service elementary science teachersd SMK
including questions related to PNM. Participants with diffeegnount of SMK were

selected in light of the SMK test resulidoreover, lesson plan, observation, and
semistructured interviews were used in order to gather &asults showed that
preservice teachers neglected opmttet i cl esd n
because they did not have enough SMK related to it. Researchers stated that although
movement of th@articles was included in the curriculum, {s&rvice teachers

ignored the objective. In the chemical and physical chang#oguty preservice

teachers knowing that matter loses its chemical properties in chemical change and

new matter is formed stressed this point in their teaching. Moreover, they provided

daily-l i f e examples related to chemical and
concepualization. However, participants who thought that chemical change is related

to inside of matter could not answer | eal
weak SMK made it difficult to teach for peervice teachers to teach. Regarding to
curriculumknowledge, participants generally did not have adequate knowledge of

the objectives. Similarly, their instructional strategy repertoire was inadequate. They
implemented traditional method, questioning, déifly examples, and models to

represent particle®articipants stated that they do not have enough knowledge to
apply other instructional strategies. Col
misconceptions. Researchers stated that it might associate with limited SMK because

at some points prservice teachers had similar misconceptions. Another point related

to knowledge of learners wasthatygree r vi ce teachers tried to
misconceptions and difficulties with help of their own experience rather than that of

related literature. iRally, preservice teachers preferred to employ traditional

assessment strategies. When prompted, they indicated that they did not have

adequate amount knowledge to afternative assessment strateghdereover, they

said that they did not have any expace how to employ them during teacher
education pr ogr g@@il0) eecombeadedthat pservieetteachér .

education programs offer courses related
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to preservice teachers. The possible reasdrikam and how to eliminate them

should be discussed in those courses.

Different than the other studies, Kaya (2009) studied PCK and SMK relation and
relationships among PCK componemgjuantitative study conducted with 216 pre

service elementary sciea teachers. A survey including opemded questions was

used to measure participantsd SMK rel at et
were grouped under three groups, namely,
knowledge categories. From these three ggp@5 participants were selected

randomly and were interviewed to measure their PCK. The data gathered both from
interviews and the survey were graded with help of a rubric developed. In terms of

SMK, more than half of the participants (126) had inadeg8MK. Only 20% of

them had adequate SMK. In terms of PCK,
% was in the plausible group, and only 20% of them were in the appropriate group.

In terms of PCK components, the most problematic one was knowledge of

assesment. Analysis showed that there was a strong positive correlation between

SMK and PCK (r=0.77p<.0001) Moreover, SMK had a positive and significant

correlation with all PCK components. Finally, there were moderate correlations

between PCK componentsottever, knowledge of assessment did not have any

significant correlation with other components. Kaya (2009) also provided details

about the PCK of three SMK groups. First, participants with adequate SMK

generally had adequate knowledge of curriculum, uicsvnal strategy, and learner.

In others words, participants with solid SMK had a tendency to have rich PCK.

However, preservice teachers had inadequate knowledge of assessment. Only 16%

of the participants had adequate knowledge of assessment. Seartioghgnts with

plausible SMK also had plausible knowledge of PCK components. Similar to first

group, this group had problems with assessment. They stated that they would use
traditional assessment strategies with grading purpose. Finally, in the thm gr
preservice teachers had napve SMK and PCK.
results showed that there was a statistically significant difference between those three
groups with different levels of SMK-(10, 136) =11.4%H< . 001; Wi |l ks d L:
0 . 2%=;0.46). Kaya (2009) discussed the possible reasons of problems that pre
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service teachers faced with. He stated that experience thsemiee teachers had

during teacher education program might influence them to think teaching and
assessment as two seate aspects. Therefore, they were not able to use assessment
to inform their teaching rather use it to grade. In addition to that, Kaya (2009)
indicated that another possible reason may be inadequate stress of assessment in
teacher education programsisltried to be taught through threeedit course.

Therefore, he suggested courses in which different components of PCK are related to
each other and prgervice teachers have a chance to apply those components
altogether. Moreover, courses for SMK, PRd&PCK development are provided in
different semesters through the program, which probably impedes PCK development

of pre-service teachers. Therefore, it should be changed.

I n another study, ¥zsemvircé20086¢heéosds Ml
ecosystem, and matter cycle. To analy
including 20 questions. Participantso6d ai
average was 62%. Results showed the inadequacy-sfpre vi ce t eache

those topics. The rearcher discussed the possible reasons of the situation with the
instructors of the related course. Instructors related the failure-sepriee

teachersdé | ack of interest to the course.
teacher, questions are adkeom pedagogical courses rather than from SMK

courses. Therefore, peervice teachers have a tendency to ignore SMK courses due

to lack of questions from SMK courses in the exam. They just aim to pass the SMK

courseswhereaghey focused on PK courses.

Similar to ¥zdemir (2066)yvyi ctekbaerch2nes) .
basic physics topics (force, kinematic, Newton Laws, momentum, sound,

electrostatic, magnetism, etc.). By the use of random sampling, researchers selected

227 preservice teachsrfrom population of 557 peservice teachers. The

participants were at different levels of the teacher education program from freshmen

to senior. The SMK test consisting of opemded and multiple choiegpuestions was
administered. Results showed thattparc i pant sd achi evement i n

from freshmen to senior. Il n ot her words,



69
scores were much lower than those of freshmen and sophomores. In terms of high
school graduation, the mean difference amonegsprace teachers graduating from
different high schools was very high at the freshmen year however; the difference

was decreasing through senior year. Additionally, there was no significant difference

between male and femalegsee r vi ce t eac hnghetesi. Tlec hi ev e me n

researcher attributed the decrease in the achievement to not remembering them. Due
to the fact they did not learn conceptually, the researcher stated that the results were
quite expectable. In addition to that, the researcher also indliteterowded classes

and loaded curriculum of the program were also possible reasons of the situation.

2.5.4.StudiesFocusing on PK

Anot her quantitative study was carried
studied the SMK and PK development of 2&gervice Biology teachers. Data were
collected by the use of SMK test administered at the entl ah@ 18" semesters

and PK test administered simultaneously with SMK test. Both tests included 30
multiple choice items. Researchers analyzed whethez s a statistically
significant correlation between PK and SMK by the use of SMK and PK post test
results. Results showed that there was no significant correlation between them
(r=0.165, p<0.05). In terms of PK developmexedt results showed thatgidest
results were higher (M=15.82, SD= 2.75) thanteit ones (M=12.23, SD=2,02)
and the difference was significant (t(21¥%989, p=0.00). Similar to PK, pservice

t eac her s destsbbk scpor@vgas significantly higher (M=15,54, SD=4,74)
than pretest mean score (M= 13, 64, SD=3,64) (t(23)630, p=0.002). Although
bot h SMK an d-teR Ksultseverd higler tpaa est results, when

examined in detail, results showed that

(O

Theycouldanswea bout half of the questions askerc

(2009) aimed to examine pservice teacher education program in Turkey. They
tried to explain the increasing means of PK and SMK tests results with possible
reasons such a@akingscienceéaching method coursesgméah r t i ci pant s o
as a tutor. However, other factors may explain the results gathered, for instance,

preparation for the exam be a teacher in public school$he researchers did not

e X
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takepreser vi ce teathecso6rsoadiodeainsel ated to
program. In other words, external factors may contribute the results. Another point

that i s very important about the study w:
studied PK and SMK, they stated thatyHocused on PCK and SMK. PK is general
knowledge that is necessary for all teachers (e.g. classroom management) whereas

PCK is specific to a field and /or a topi
atomic models). In the study, although thesgd questions assessing PK, they

viewed them as PCK test and PCK items.

Another construct correlated with PK wasgre r vi ce teachersdé bel.
(Oskay, Erdem, & Yélmaz, 2009). Al t hougl
Keél én- and Sal ma,2000)&t0dkd PK indéed. Keacher ketief a |

about eaching scale developed ¥y | miggz ¢ n (2008) and a PK t
researchers from the previous questickedin preparation exam to be a teacher in

public schools. In the PK test, 30 multijgkoice items were related to teaching

methods, asssement techniques, and classroom management. 73 % of the

participants believed that they could implement inquiry in their class. The percentage

was 59 and 44 for implementation of probleased learning and conceptual change,
respectively. However, only 1% of the participants believed that they could use

learning cycle. In terms of assessment, 62% of them stated that they would use tests

to assess studentsod | earning whereas 59%
Regarding to classroom management, 63&sprvice teachers stated that they

could manage the problems occurring during group activities; however, only 36 % of

them thought that they could solve the problems of handicapped students. The

analysis of PK test, results showed that participantphailemsin answering

questions related to demonstration, discovery learning, portfolio, formative

assessment, classroom testing, and classroom environment control. Finally, results
showed that there was no signi bdiegdssant cor |
about teaching. Additionally there was n
and mal eds beliefs about teaching.
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PCK has been studied since 1986 by many scholars. As a construct, it has some
complexities that make studying on PCK tricky fesearcherd~ollowing part
included which types of difficulties have been faced with byrdsearchers the

PCK literature.

2.6. Difficulties of Studying PCK

While reviewing the PCK literature, | realized that many researchers also mentioned
howdiffi cul t t o u n c oandsometf thegposkitderasas of €K To

make aware researchers who want to study PCK, and to give an idea about why and
how hard to investigate it, | de@d to mentiothemas well. However, it does not

mean that PCK ghuld not be studied. On the contrary, it should be focused on

deeply and consciously. If researchers are aware of the intricacies, they can take
cautions to handle with them.

Uncovering PCK is not as easy as it seems to be (AvraariddambatSaul, 208;

Berry, Loughran, & van DrieR008; Park & Oliver, 2008). However, due to its

difficulty, it has become more of an issue than ever (Berry et al., 2008). Avraamidou

and Zembalaul (2005) attributed difficulties related to studying PCK to the nature

of construct and measuring it. PCK has different components which have indistinct
boundariesGessNewsome, 1999;oughran et al 2004; Magnusson et.all999).

Although separating the components of PCK in the models helps a lot in theory,

during data analysigart, it is not that much easy to detect which part belongs to

which componentsGrossman, 199®an Driel, Veal & Janssen, 2001Another

difficulty is related to the time for necessary to capture PCK which necessitated

much more than one hour (Loughmart al ., 2004). To get tea:
should be spent with teachers. Furthermore, the lack of the sharing language between
teachers and researchers makes the situation harder (LoughraBG@l Teachers

do not reason about their practicelank nowl edge because they f
scores and covering the curriculum (Loughran, Milroy, Berry, Gunstone, &Mulhall,
2001).Moreover,e acher s® knowl edge is implicit (B

because they lack reasoning tradition about why thelemmgnt specific activities or
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why they teach in a particular way. So, when teachers are asked about their teaching,

they tell the reasons in their own language rather than citing PCK (Korthagen &

Kessels, 1999). To illustrate, in the longitudinal projeotyghran et al., (2004)

realized that participant teachers could not explain why they taught in a particular

way by relating their teaching the stude:]

2.7.Summary of theL iterature Review

In light of the studies reviewed in this part, thesere different models explaining
PCK (Cochran et al., 1993; Grossman, 1990; Magnusson et al., 1999; Veal &
MaKinster, 1999). Although there are some differences in terms of components,
knowledge of learner and knowledge of representations of subject aratte

commonly included by the PCK models.

Literature indicated that PCK is a toggpecific construct which is developed

through experience in teaching (Abell, 2007; Grossman, 1990; van Driel, et al

1998). Moreover, SMK is a must for solid PCK (Ab&007; van Driel et al,. 1998).
Teaching experience is an essential sour
Shulman, 1987; van Driel et al,. 1998). However, experience may not always give

rise to emancement in PCK (Friedrichsenal, 2007). When it ishe case,

workshops and professional development activities should be provided to teachers
(Clermont, et al. 1993; Magnusson et al., 1994; Van Driel etl@B8). Additionally,

PCK should be viewed as whole rather than separate components. The reciprocal
interaction of the components is an indication of robust PCK (Fernddalbaa &

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

the simultaneous use of different components, the line between components is not
clearcut (Grossmann, 1990; Marks, 1990; FernanBaiboa & Stiehl, 1995).

Among the components, orientation to science teaching is the chief that manipulates

the others (Grossman, 1990; Magnusson.e1889). Due to the fact that it forms the

base for teachingt is resistant to change ¢lkmannet al, 2005). Finally, in

addition to knowledge typeefficatyhose teachel

metacognition, attitude towards teaching may supply appealing information about
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PCK; moreover, they may be the keyteop t he | ocked door of t
knowledge, PCK (Park & Oliver, 2008).

In terms of Turkey, researchers should conduct more study wsirince teachers,

in different context (e.g. PDs, workshops, etc.). Moreover, studies should focus on
PCK asa whole rather than examining one or two PCK components. Sthdiesill

be conducted during curriculum reforms, orientation towards science teaching and its
influence on other components, development of PCK through years, and finally,
studies with indation year, the first year of teaching, seem to promise rich

information to Turkish literature.

Due to the fact that there are different PCK models in the literature, the researcher
have to select one or to form a hybrid model at the beginning of ithe Jtoerefore,
in the next susection, PCK conceptualization of the study was summarized.

2.8.PCK Conceptualization in thisResearch

In the conceptualization of the research,
model was adopted with help of theetiature (Abell, 2007; Grossman, 1990;
Magnusson et al., 1998hd the data collectedlthough Magnusson et al., (1999)
mentioned both knowledge and belief in their PCK model, as stated in the
introduction part, only knowledge was focused on in this sthfiyeover,| think

that PCK is a new type of knowledge used duriramping, enacting, and assessing.
It is not amixture of other knowledge. When trying to teach a topic to learners, a
teacher reshapes and reorganizes SMK, PK, and other knowledgentyjoés,

makes them a new form of knowledge that is PCK. My experience witbepvece
chemistry teachers showed me that althougkspreice teachers have some SMK,
PK, and other types of knowledge, they have difficulties during teaching because
they cannotransform thosento PCK, which is the reason why | decided to study
with experienced teachers.
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PCK modelused in this studis modified versionoMagnusson et al . 0s
(Figurell). As literature has said, although the boundaries between comparents

not clear, still having components in mind helped me prepare the instruments,
collect, and analyze the data. | n Magnus:
have somasubcomponents. In this studgpme more subomponentsvereadded

by followingthe® her st udi drsfiguredlutigegusingorentswritten

with larger fontdn red are added to the existent mo&el: instance, in Magnusson

and hercollague model , knowl edge -oompooemts,ri cul um
namely, knowledge of goalsd purposes, and knowlgel of specific science

curricula In addition to those, knowledge about horizontal\aerticalrelations

between the topics was added to curriculum compoméetdata collected informed

me about the other stddmponents, namelyphizontal andrerticalrelations to the

other topics in the same discipline, aittring the sequena# the subtopics in the

curriculum After realizing the additional sutbmponentdljterature washecled

whether ag scholar mentioned therirossman1990)mentioned the horizontal and
verticalrelations under knowledge of curriculum. Moreov&iedrichsen et al.,

(2007 calledthe last sultomponena sa |l & er i ng t.frwtheemone,r i cul umo
purpose of assessment was inserted to knowledge of assesemponent. How to

assess and what to assess®uiponents were completadth the purpose of

a s s e s whytmgseskin making this changé&riedrichsen et al., (2007)

informed this researcl.et another modification was done in orientation compbnen

with help of Friedrichsen aridana (2005), and Friedrichsen et &2011). In these

studies, they stated that teachers may have more than one orientation; mtregver
focused on the central and peripher al g o
specific gradeTo sum upasLannin,Abell, Arbough, ChvalFriedrichsenand
Volkmann(2008)statedthat PCK is more complicated than shown in Magnusson et

al. ¢1999) model.



75

Orientation to

Science Teaching

* Central goals
' Periphera] goals

K. Inst. Str. K Assessment K. Curriulum

K. Learner

* Difficulties e *Howto assess, *Goals fepurposes
*Misconceptions opecspec *Whato assess *K. ofthe program,
N *Representations
Ei‘:gdu;ne e ' Purpose of » Horizental &
assessment * Verticular
relations
* Altering the
curriculum

Figure 11. PCK conceptualization of the study:ddification of Magnusson et &@. s
PCK model
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CHAPTER 3

METHODOLOGY
Al t hough it has been more than 20 years
|l iteratur e, we have known | ittle about P

interplay. Thereforen order to be able to use PCK as a framework for examining

teachersodo knowledge, it is necessary to |
Its components ( Ablea& StiehR DO58Friedriclesennegal..d e z
2011). Tofilthegapin®® PCK | i terature, experienced

examined qualitatively to get deep insight of tegecific nature of PCK and
interaction of PCK components.

3.1.O0verarching Research Question

How is experienced high school chemisegtherd P C Krentlandfof samilarfor
teaching different topics within the same discipline?

3.11. Sub- Research Questions

1. What is the nature of experienced chemi
electrochemistry and radioactivity topics?
a. What is the nature ofexperere d chemi stry teachersé ki
for teaching electrochemistry and radioactivity topics?
b. What is the nature of experienced chei
instructional strategy for teaching electrochemistry and radioactivity topics?
c. Whatist he nature of experienced chemistr

curriculum for teaching electrochemistry and radioactivity topics?
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d What 1is the nature of experienced chert
assessment for teaching electrochemistry and radioactipityst

2. How do PCK components interplay for teaching electrochemistry topic?

Because qualitative research has a power of providing detailed understanding of the
phenomenon studied, qualitative inquiry was implemented in the study that seeks a
closerlookat eachersé PCK in different topics.
sampling, data collection, data analysis, and interpretation of the data were guided by
the nature of the qualitative inquiry. In this chapter, the method of inquiry was

explained in deth Moreover, information related to the participants, context, data

collection process, data analysis, trustworthiness, and ethical issues were provided.

3.2.ResearchDesign

Researchers sometimes desire to answer how questions rather than whysjaestion

Ato what extento questions (Frankel & Wal
research designs provide opportunity to explore and get insights about the

phenomenon focused (Corbin & Strauss, 2008). In order to learn how experienced
chemistryteacher6 PCK is di fferent for teaching
components interplay during teachielgctrochemistrythis qualitative research was
conducted. Qualitative research Al s a br
phenomena. Its various genres aaguralistic, interpretative, and increasingly

critical, and they draw on multiple meth:i
p.2).

Qualitative researchers gather data in the natural settings because data collected
become more valuable in its ordigaontext (Bogdan & Biklen, 1998; Marshall &
Patton, 2002Rossman, 2006). Furthermore, data including transcribes, documents,
field notes videotapes and photographs are descriptive in nature. It necessitates
design flexibility which is related to the epended temperament of it as well

(Patton, 2002). Another characteristic of the qualitative research is the focus of study.

Not only the product but also the process is concern of this type of inquiry.
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Additionally, vital attribute of the qualitative resmeh is the use of purposeful
sampling (Patton, 2002).

Due to the purpose of the study and types of the answers to the research questions
asked, qualitative research design was suitable for the study. It is also parallel to the
research in the relateddrature that are generally qualitative in nature (e.g.
Avraamidou & ZembaBaul, 206; 2010; Clermont, et al., 1993; Clermont, Borko,

& Krajcik, 1994; Drechsler & van Driel, 2008; Loughran, et al., 2004; van Driel, et
al., 1998).

3.3. Casestudy

Qualitative research is ammbrella termncluding many different methodologies

such as ethnography, grounded theory, anthropology and case study (Bogdan &
Biklen, 1998). Specifically, this study is a case study which provides comprehensive
information relatedd an event, a subject or a setting (Merriam, 1998). Case studies
are like a funnel which has a wide starting point whereas its end point is narrow.
They start with detailed depiction of the cases and context, and then become specific
regarding to data catted and analysis done (Bogdan & Biklen, 19B8ie to the

fact that the purpose of the study to get deeper understanding nature of PCK and the

interplays among the components, case stuasappropriate to conduct.

In this study, the casman be desdned aswo experiencedhemistry teachers

teaching two different topics, namely, electrochemistry and radioacibuity.to the

fact that the purpose of the study was exangriopicspecific nature of PCK rather

than comparing t e a wéreviewed ashrekadhetminor t eac h e |

differenceswereddlmve d i n t eachersd PCK so they wer
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3.4.Sanpling and Participant Selection

It is impossible to conduct the research with everybody wktheacharacteristics
thatresearcher is looking for. Therefore, the researcher had to make some decisions
related to the participants in addition to other choices (e. g., context, time, topic, etc.)
(Marshall & Roseman, 2006). | preferred to study with small group of experienced
chemistry teachers to get deeper information about their-sg@cific nature of

PCK. Focusing on a particular group of t
studies to get detailed insights about PCK (Friedrichsen & Dana, 2005).

Purposive samplingzas used to choose the participants. To get better information

about experienced t eteachbrshohad apoemtialond it s |
provide rich data were selected (Patton, 2002). Teaching experience in real

classroom context is one of the visalurces for PCK development (Grossman,

1990). Therefore, prservice or beginning teachers do not have strong PCK (Abell,

2008; Lee et al., 2007; van Driel et al., 1998). Because of that reason, | decided to
study experienced c hevenithe expeyienteelesnote r sd P C|
guarantee of rich PCK (Friedrichsen et 2009) Therefore, before the data

collection, | started to look for experienced chemistry teachers who could be suitable
candidate for the study. To find appropriate teachers, withdfehe criteria that

wereused by other scholars in the literature (e.g., Berliner, 2001; Friedrichsen &

Dana, 2005; Lankford, 2010), | determined some criteria such as being experienced

in chemistry teaching at secondary level (at least 5 years exgeresnsuggested by

Berliner, 2001), teaching in a studaer@ntered way, having a chemistry education

degree in teaching chemistry at secondary level, participating to professional

development activities, and teaching chemistry in a conceptual way ttadingust

emphasizing the algorithmic calculations.

In Turkey, teachers teach chemistry very didactically and perform many algorithmic
exercises due to university entrance sys!
selecting teachers who use activitidemonstrations, and representations is really

hard in Turkey context. To solve the problem of finding teachers, | focused on
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private school context because they have a tendency to do activities more than public
schools. To sum up, by the use of theecid determined, | decided on two

experienced chemistry teachers working in the same private high school in Ankara.

Deciding on the number of the participants is complicated in qualitative research
(Marshall & Roseman, 2006). With help of the informatgathered from other
researchers who conducted research before me in different high schools, from pre
service chemistry teachers who took teaching practice course in high schools, and
teaching assistants (TA) of teaching practice course, participants&ected.
Especially, information taken from peervice teachers and TAs was valuable for me
because they had a chance to observe exp:i
beforel did. Furthermore, | had a chance to talkhem about their teachingtfore

| chose them. After the meeting with the potential participants, | took their schedule.
Theirweeklyschedules let me conduct the research with two experienced chemistry
teaches. If | had wanted to study with more teachers, | would have missed some
classes of them due to overlap in their schedule. Therefore, | preferred to study with

less teachers rather than missing observations of their teaching.

Yet another issue in selecting the participants was the context in which they work.
Due to the facthtat context influencehow teachesteach (Berlingr200% Henze et

al., 2008 Loughran &al., 2008; Park & Oliver 20Q8teachers working in the same
or similar context should be selected in order to examine how topics influence

teacher sé ipmiacatiecet.helfoccent ext s mani pul at

teachers from the same high school were picked as participants.

To sum up, in light of the criteria predetermined, two experienced high school

chemistry teachers were selected. In Turkeyr gitaduation from the undergraduate

teacher education programs, chemistry teachers can work both in public and private
high schools. To get richer and deeper i
different topics, experienced chemistry teashbavng at least Syear or more

chemistry teaching experience in private high school were selected. Participants of

the study were working inrivate high school in Ankara. Taklesummarizes the
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information about the participants. Additional detailsensdso given in results

chapter in order to explain the orientation to science teaching component of PCK.

Table 1. Information about the participants of the study

Participant  Teaching  Master/ Other School PDs and
Experience PhD experiences  type trainings
participated
Mr. Demir 15 years - Electrical Private Performance
technician ina School based
factory, assessment,
Elementary
science Introducing new
teaching in chemistry
elementary curriculum,
school for
three years,
Mrs. Ertan 8 years Master  Tutoring Private Performance
School based
assessment,

Introducing new
chemistry
curriculum,

3.5.The Subject Matter and Topics Selection

First, chemistry was selected as subject matter due to my background istchem
education. | graduated from Secondary Science and Mathsrdtication (SSME)
department that has four basic divisions, namely, chemistry, biology, physics, and
mathematics teacher education. | have BA and MA degrees from chemistry
education divisia. Moreover, | have five yeaxperience as a TA in the same

division. | have studied with pigervice chemistry teachers in the context of field
experience course since 2007. Therefore, as Friedrichsen and Dana (2005) indicated,
studying the same field&h | have both solid subject matter knowledge and PCK

would be helpful for me, to observe, collect, and analyze the data collected.
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Second, in terms of the topics, electrochemistry and radioactivity were studied

because these two topics have not beatieddun terms of topispecific PCK yet.

Additionally, research has provided misconceptions and difficulties that students

havein electrochemistryDe Jong, Acampo, & Verdonk, 1995; Garnett & Treagust,

1992a; 1992b; Sanger & Greenbowe, 1997a; 1997b; Sichmarohn, & Harrison,

2007) and in radioactivity (Nakibojlu &
1990; Prather, 2005). Furthermore, research has showed that electrochemistry (De

Jong et al., 1995) and radioactivity are difficult topics for stigléo learn (Alsop,

Hanson, & Watts, 1999; De Jong & Treagus!i
Yal -én & Kél én-, 2005). The | iterature c:
electrochemistry (De Jong & Treagust, 201
2006). Moreover, two topics have to be at the same grade level due to the fact that
orientation to science teaching component is grade specific. Additionally, the topics

should not be related to each other because the purpose of the study was to compare

PCK in different topics. In the chemistry curriculum fo™drade, there are energy

and chemical change, reaction rate, chemical equilibrium, electrochemistry, and
radioactivity. The first three are related to each other. Therefore, from'trgrdde

curriculum, electrochemistry and radioactivity were chosen to examine PCK in

different topics.

Finally, in terms of time issue, | could start data collection in spring 2011 after my

visit to University of Missouri, Columbia, USA. Therefore, electrochemestid

radioactivity topics were quite good in terms of both comparison purpose of the

study and the timing. Finally, scarcity
and electrochemistry topics motivdtee,as theresearcherto focus on them. So,

hope this research will provide rich and original data for understanding how

experienced teachersd PCK is specific to
3.6. Description of the Setting

Peopl eds behaviors vary from context to

Thereforepehaviors should be studied in the real context. In this study, the real
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context that the researcher can capture
teach. Moreovelthe context in which the teaching occurs also has influence on

t eac her sughraR & K., 20000 Therefore, the participants were selected from

the same context because the purpose was not to compare and contrast PCK in

different context.

The study was carried out in a private high school context in Ankara, Turkey. There

were dout 400 learners in the high school. The learners are generally between 16

and 18 years old in secondary levaladdition the classrooms observed have about

20-24 students. All classrooms in the high school have computers. Moreover, the
classroomsinwi ch participantsé teaching was o0b
cupboards for chemicals at the backside. Additionally, they have smart boards in the

classes.

3.7. Data Collection

To offer detailed description of the phenomena studied in qualitative restaee

exist three basic ways that are interviews, observation, and documents to collect data.

I nterviews help us to hear participantsé
experience, ideas, and emotions. With the observations, we have a chance to see
participantsd behavior in the real cont e:
data related to institutional, organizational, and personal vision, plan, and action

(Patton, 2002).

I n order to get i nspdacificmaturesobPCkdifferentéypes dfer s 6 |
data were collected through interviews, observations, and document analysis. An
important point reported by the previous research was that in order to capture
teachersdé PCK, researchers needfete@d study
types of data collection methods. Nature of PCK may not let researchers to

characterize participantsdé PCK neither i
(Abell, 2007; Baxter & Lederman, 1999; Loughmetral., 2000; 2004; Kagan, 1990
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In other word, the more time study on it and the more different types of data

coll ected, the richer and deeper data ar

To examine experienced teachers6 PCK in
of cardsorting activity, CoResemistructured interviews, observation, and field

notes. Data collection matr{¥igure-12) summarized the details related to each

instrument. Moreover, multiple types of data were gathered through more than two
months(Figure 13)due to the fact that ungering PCK requires some time

(Loughran, et al., 2004Additionally, Appendix A shows the schematic diagram of

the data collection process of the study.

Primary data source (P) was used mainly to answer the research questions asked. For
instance, seltomparison interview was primary data source forrssgearch

questionl. In the seHcomparison interview, teachers compared and contrasted their
teaching in both topics, which helped me analyze how their PCK is similar and
different for teaching differdriopics. On the other hand, the data collected through
self-comparison interview were secondary source (S) for answeringesabarch

guestion2 which was related to interplay among PCK components. But stil self
comparison interview data were useful arseéd to support primary data collected

through observations and weekly interviews.

CoRe Card- Observations Teacher Teacher
Sub-questions sorting Interview-  Interview-2
Task 1 (self-
(Weekly  comparison
int.) interview)
1. Topic-specific P S P P P
nature of PCK
2.Interplay among S P P P S

PCK components

Figure 12 Datacollection matrix
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The timeline for dataollection Figure 13) was also provided. It is useful to

understand the specific time for data collection through diffenstruments.

. Card-sorting task to determmne
Atfl;he beginning of the | teacher’s orientation to science
= .
) teaching
COne weelk hefore starting to _ CoRe application through
teach each topic 7| intervies

Chservations by using
During the each topic was observation schedule
heing taught

Weelkly interviews: interviews
at the end of the each weelc
with the participants

Self comparison interview:
#t the end of the study o semmi-structured interview about
differences in PCK use in twao

topics taught

Figure 13. Dissertatiordatacollectiontimeline
3.8 Details about theData Collection and I nstruments
3.8.1.Card-sorting Task

In this task, cards including scenarios (e.g. activities, strategies andjtexsjrfor

teaching electrochemistry and radioactivity at high school level were used to capture
teachersd orientations andéd).Imglusaddsksfirstoadr t e a
all, participants were asked to sort the cards into three groupsseapative

category including cards that are parallel to their teaching, unsure category including

cards that participant is not sure whether s/he teaches in that way, and not

representative category including scenarios very different than her/his tpaktier

that, the researcher asked about the main similarities and differences between the
scenario in the card and the participant

the cards in the same group. Finally, the participants were asked howrthesise
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related to their orientations szience teachingniother words, how it was parallel to

their purposes and goals for chemistry teaching (Friedrichsen & Dana, 2003; 2005).

Table 2. The details of the carslorting task

Data Source Description of purpose, and Time
method

Card-sorting Purpose:To det ect p a Time: Atthe beginning of
Task orientation to chemistry teaching the study

The task provided data for both sub

research questions.

Method: For the task, scenarios wer Length: About 40
written. Participantsvere requested minutes

to sort cards and then asked about

their reasons for sorting.

Conversation during the task was

audiotaped.

In this study, | used cafsbrting activity because Friedriadrs (2002, as cited in
Friedrichsen & Dana, 2003) criticized defining orientations based on observations.
They suggested that teachers should take part in the process of determining the
orientations. Moreover, Friedrichsen and Dana (2005) stated that satiwewhile

the sorting the cards provides richer inf
deciding on a specific scenario. TFheref ol
sorting task which includes teachersd voi

3.81.1. Developnent of the Scenarios for Cardsorting Task

To determine participant s 0-sodingitaskwasat i ons |
utilized. In the literature, examples of carorting tasks have existed. For example,
Friedrichsen and Dana (2005) preparedades that were sciengpecific.

However, in Turkey, we do not have secondary science teachers who teach physics,
chemistry, and biology. Rather, we have teachers who teach only one subject.
Therefore, because of 't he schedohamisttyher 6 s m:



87

teachersdéd PCK was studi ed. asRlectrotlzemisty s r el

and radioactivity were developed.

Although | adopted PCK model developed by Magnusson et al., (1999) in the study,

| did not stick to that model in texs of orientations to science teaching because as
Friedrichsen and Dana (2005) and Friedrichseng@lll) st at ed, t eachet
orientations are more multifaceted than Magnusson and her colleagues thought.
Furthermore, Friedrichsen and Dana realizedtdathers had different orientations

in addition to those underlined in Magnusson et al., (1999). They criticized the

| abeling teachersod orientations with jus:i
studies. They reported that participants have multipleaesind peripheral goals

which have a composite structure includaftgctive, schoolingndsubjectmatter

goals. The result of the study showed that teachers may have different goals than

those indicatéin the literature. Therefore, while writing sceioa, new chemistry

curriculum goals, literature related to orientation to science teaching (Friedrichsen &

Dana, 2005; Greenwood, 2003; Magnusson e1889; Volkmann et al2005), and

the realities of Turkish education system were considered. Synifarédrichsen

and Dana (2003) also took the US conditions into account. University entrance exam
(UEE) is very important for Turkish high school students to continue to higher

education. Therefore, UEE determines to what extent students, teacherghand hi
schools are successful (K°se, 1999). In

orientation. To sum up, by using these different realities, scenarios were written.

The reason why other sources in addition to curriculum goals were also taken into

account was that teachers generally do not follow what curriculum documents state
exactly. Aln general, the view that shint
implementation literature is that educational innovations most frequently falter

because teachertac ons i n the classroom are incons
(Roberts, 1988, p. 43) When a new curriculum is started to be implemented,
teachersdé I mplementation ofea¢hessaffect
interpretationof the new curriculm policy and e a ¢ h e r Réberts,al988)l t y

Teachers may infer the new curriculum in a different way than the developers do or
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they may infer it in the same way with developers but they refuse to implement it

consciously.

In the scenario writing pr@ss, first of all, curriculum goals stated in the Turkish

chemistry curriculumNME, 2007) were | abeled in Iight
curriculum emphases. The labels for the curriculum goals were provided in

Appendix B. Roberts stated that there have begarscurriculum emphases which

North America has had through the histor?
science, scientific skill development, the correct explanations, self as explainer, solid
foundati on, and sci enmidé)Evetyday doping stresgeg and
the teaching the topic with daily use of scientific process, events and phenomena.
Structure of science aims to teach the 0l

enterpriseo (p.35). Nat uedeThehfghlightng goimtc e i

(7]

in science, technology and dsions is the relations between science and technology,

and sciencgéechnology and society (STS). Scientific skill development emphasizes

the skills that are science process skills used during Bwenguiry. For thecorrect
explanati ons 0 e mp hendsof sciertific mquieynratherataretse on t |
meanso (p.37). The main point is teachini
fiThe Self as explaineemp hasi s i nf o mdastandiingef his/hetocdve nt 6 s
efforts to explain phenomena by exposing the conceptual underpinnings that

influenced scientists wheheywer e i n the process of devel
(p.37). Finally, Solid foundafdritiodicate8i s a |
to the student that he/she is learning something that fits into a structure that has been

t hought about and plannedo (p.38). Throu
popular in a particular time than the others, however, it does not iregaone is

better than others. Political issues, nature of the society, and social events are

important factors that inform the preference of curriculum emphasis in a particular

era.

In light of the curriculum emphasssiggested by Roberts (19883enaios were
written for eaclof them Second, with help of orientations detected in Friedrichsen
and Dana (2005), Greenwood (2003), Magnusson et al., (1999), and Volkmann et al.,
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(2005) additional scenarios were written. Finally, some scenarios related to
preparation for UEE was added. All scenarios were provided in English in Appendix
C and in Turkish in Appendix G. Finally, the questions asked to teachers during the

cardsorting task were provided in the Appendix D.

After writing the scenarios, to check ather they were parallel to curriculum
emphasis suggested by Roberts (1988), and to check their grammar and wording,
expert opinion was taken for both English and Turkish versions. Moreover, the
scenarios were piloted in the piloted study. The detailseopilot study were

provided later in this chapter.

3.8.2.CoRe.

CoRe is a tool that includes big science ideas/concepts in its horizontal axis and
factorsthati nf |l uence teachersdéd decisions such a
difficulties, and factas in vertical axis (see Appendix H). Big ideas are basic

concepts that are necessary to understand a particular topic (Loughran et al., 2004).
Loughran and his colleagues thought that determination of big ideas are significant

part of t he itoffes aceesssto thiehbvaydnavhich acience teachers

frame the topic, and may be regarded as the main ideas that teachers see as valuable

i n helping to conceptualize the topic as
viewed CoRe as aninstrumentfotbb capturing teachersdé PCI

demonstration of their knowledge.

CoRe was employed for getting impression about how teachers constructed the
topics that was focused (Loughran, Berry, & Mulhall, 2006). Moreover, CoRe helps
us understand the topspedfic nature of PCK (Rollnick et al., 2008). As mentioned
in the difficulties of studying PCK through the end of Chapter 2, teachers may not
understand the terminology used in PCK literature, Therefore, Loughran et al.,
(2004)revealed that they did not ugeem in CoRe. They used a language which can

be understandable by teachers.
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Similar to Loughran et al., (2004), |1 used CoRe as an interview tool at individual

level. Abell and Volkmann (2010, personal communication) had some experience

with CoRe implerentation and they suggested me to use it as an interview tool.
Therefore, | asked the CoReb6s questions |
audiotapedFor instance, in the CoRe application interview conducted one week

before teachers starttoteacth e t opi c, | asked AWhat ar e
teaching electrochemistry topic?0 and i Wl
What are the factors making teaching it
probable difficulties thiastudents may face with and the reason why students had

those difficulties. All questions asked during CoRe interview were provided in

AppendixE.

The details of CoRe use was summarizetiahle3.

Table 3. Summary of the pugse, description and time necessary for use of CoRe

Data Source Description of purpose, and Time
method
CoRe Purpose:To get information about  Time: One week before the

how teacher (s) 6 teaching of each topic
teaching different topics and how

PCK components interplay

CoRe appliation provided data for

both subresearch.

Method: CoRe questions were aske Length: About 40 mindes.
to the participants. The CoRe

application was like interview and it

was recorded by voice recorder.

The permission was taken from Professor John Loughran to use CoRe instrument in

the study (Appendix ).

3.8.3.Interviews

I nterviews provide valuable information

is not observable (Patton, 2002). Tdifferent semistructured interviews, namely,
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weekly interviews and setfomparison interview were conducted at the different

times of the data collection (Tablg

Table 4. Details related to interviews conducted

Types of Description of purpose, and Time
interviews method
Teacher Purpose: To gather information Time: At the end of each
Interview-1 about how t eache week
for teaching different topics, how  (During the each topic)
(Weekly PCK components interplay.
interviews) Participants were asked aboutithe
teaching practice that are worthy of
clarification.

The interview provided data for botf
subresearch questions

Method: Semistructured interview Length: Each will take
protocol was used during the between 2580 minutes.
interview. When necessary,

additional questions were asked.

Teacher Purpose:To get t eac h Time: Atthe end of the
Interview-2 about the differences and similaritie study

in their PCK for different topics.
(Selfcomparison The interview provided data for Length: About half an
interview) researclguestions 1 and 2. hour

Method: Semistructured interview
protocol was used during the
interview.

The reason of the use of sestiucturel interview was that aimmportant question

may come to the researcherd6s mind during
answers necessitate asking some additional questions which are different from the
prepared questions. Sestructured interviews were the primary sourcethe data

due to the fact that they reflect partici
interviews were auditaped by the use of a digital voice recorder with the

permission of the participants. All interviews questions asked during differest type

of interviews were provided in English in Appendix E and in Turkish in Appendix G.
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In the semistructured interviews, questions related to the PCK and its components,

t e ac h er siatiom ahgifferentreetivitiesand reason why they used them were
asked For instance, participants used a teacher demonstration after teaching
electrochemical cells. In the weekly interview that was conducted at the end of that
week, the reason why they used the demonstration was asked them. Moreover, how
the demonstrain would help students to understand the topic and how they decided

to use them in the class wereasked

Thesemistructured interviewguestions were prepared in light of thbservation

Cycle Protocol prepared by Sandra K. Abell and her reseanhfte Researching
Science and Mathematics Teacher Learning in Alternative Certification MdrIgls (
SMAR?T) project, literatureand experience of the researcidre permission was

taken from Sandra K. Abell who was the director of the profdter writing the
guestions, expertso6é opinion was taken in
vocabulary and grammar. Five experts who had experience in PCK and teacher
education provided feedback about the questions. After forming the final version of
all instruments used in the research, they were used in the pilot study with two
chemistry teachers in the US. Finally, | translated the instruments into Turkish. Then,
again expert opinion was taken for quality of the translation. Four bilingual experts
who have experience both in qualitative study and in chemistry education provided
feedback. After all, both Turkish and English versions of the instruments were

prepared.
3.8.4. Observations

Although data collected through interviews endow with valuable iahdlata, it is

not a full description of the participant
the situation in addition to taking part.|
observed (Patton, 2002).

During the observations, | took notedg@rvational record is referred as field notes

t hat are the written notes related the r
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experiences during the observation (Bogdan & Biklen, 2006). As Loughran et al.,
(2000) | ooked f or, tidentifiableansteneeswherea t r i ed |
concrete pedagogic action was employed for a particular reason in response to, for
example, a learning difficulty, or situation, need, or known point of confusion in the

content being taught .kefie[dpates & )muchdshmulde f or e .

In the literature there are two different field notes that are descriptive and reflective

in nature (Bogdan & Biklen, 1998Descriptive field notes describe the context

people, and behaviors without any judgment. Rfle field notes, on the other

hand, include observerdds judgments and i ¢
Data gathered through the observation should be rich and exhaustive enough to help

the person who reads the research can view the canitthd research actions of the
participants (Patton, 2002). Therefore, both types of field notes were used to provide

a complete picture to the reader in the study.

Table5 provided the description and purpose of the observation. Moreover,
observatiorprotocol was presented in the Appendix F. For Turkish version of the

form, please look at Appendix G the observation protocol, important points

related to PCK components were provided to observer in order to help her/him what

to look for. For instancdpr knowledge of instructional strategy component of PCK,

AThe teacher makes an instructional deci
asking a question or directing students |
usesanexampleorangly or representation to clarif:
However, the observers were not limited to those two points during observations. If
something interesting and unexpected happened, it was noted asowvebkample,

one of the students could natderstand how the atom changes in nuclear reactions.

It was an unexpected question kdr. Demir. He stopped teaching and tried to

explain. But he did not provide the answer to the student. Rather, he asked some

directing questions to the student and bdlper to figure it out.
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Table 5. Details of observations

Data Source Description of purpose, and Time
method
Classroom Purpose:To gather data to answer Time: For each
observation for what the nature of PCK is for participant, one of their
different topics and hoRCK 11" grade class was
components interplay. selected and observed th

Classroom observations provided class from beginning to
data for both subbesearch questions the end of each topic.

Method: Field notes were taken. Length: Each class
Observation schedule was prepare( period in Turkey is 45

for helping to determine the minutes for high schools.
important aspects such as We have 3 class periods
instructional strategies used, for chemistry per week at
resmnding | ear ner 11"grade.

relating the topic with other topics ir
the curriculum that | focused on.

3.9.Pilot Study

Piloting the research out helps the researcher to refine the instruments prepared, to
increase seléfficacy in onducting the research, and to realize the importance of
researchstudyomx peri enced teachersd PCK (Marsha
Additionally, | had a chance to see whether | can handle the data collected or not.

After the pilot studyand preliminary analsis of it, | understood that | am able to do

the research and do the analysis of the data collected.

The pilot study was conducted during my trip to the US as a visiting scholar. After

getting permission to do the research from IRB, | requested one exxqesdi

chemistry teacher with sevgmearexperience to study with me. She accepted to

participate in the pilot study. | compared and contrasted her PCK in two different
topics that were AMatter and W padesDueement
to thefact that high school chemistry curriculum in the US is quite different than it is

in Turkey, | could not have a chance to pilot the study in the same topics focused in
Turkey. However, it was very useful for me to do pilot study for making some

necessarghanges in the data collection instruments.
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For the pilot study, |l observed the part.]

each topic. The class that she was teachi
students. The class in which she taught wéte gimilar to those in the real study.

Therefore, when she needed to show something, she had a chance to use chemicals in
the classroom with benches. Moreover, it has computer and smart board.

It was the seventh year in teaching for the participanht#aShe graduated from
chemistry department; however, she decided to pursue a career in chemistry
teaching. Then, she also applied for master program in University of Missouri. At the
time of the pilot study, she was taking master courses.

In light of the pilot study experience, some changes were made in the instruments

and the time for conducting interviews. Pilot study helped me nibtectacit nature

of PCK. To be able to talk to teachers about their teaching, the questions asked

should be clear engh for them. For instance, in the setfmparison interview
conducted in pilot study | explained what
your teaching similar and/or different i
said she did not focus on PQiit just taught them. | realized that even if you

explained what PCK was, still they do not share that language with you. After that
experience, | checked all the questions and tried to make them more understandable

for teachers. Additionally, in the pilstudy, | did CoRe interview about ten days

before she started to teach. | noticed that she did not start to think how to teach the

topic yet. Therefore, in the main study, | conducted CoRe interview about one week

before they started to teach the topics.

3.10.Data Analysis

Data analysis is a process through which researchers try to understand what the data
tell (Bogdan & Biklen, 2007; Merriam, 2009). In this study, for two-segearch
guestions, somehow different analyses were conducted. Below t#ils déthe data
analysis were summarized. In qualitative research, the data collection and data

analysis are not separate procedures, on the contrary, they occur simultaneously



96
(Bogdan & Biklen, 2007; Merriam, 2009). During the data collectigot sone

i nsights about how teachersd PCK is speci
components concurrently. | took some notes about the points that | noticed, which

helped me during the analysis part.

3.10.1.Data Analysis for Topic-specificNature of PCK

In the first round, after transcription of the all interviews, data coding was started.

First, | tried to form a code book. Although | had PCK model proposed by

Magnusson and her colleagues in my mind, | was open to other possible codes while
reading thalata sources (Merriam, 2009). For instance, in the proposed PCK model,

there are two subategories of knowledge of curriculum, namely, knowledge of

curricula, and knowledge of goals and objectives. However, while | was reading the

data | noticed anothgoint related to curriculum knowledge. Participants linked the

topics by relating the topic to the other topics taught in previous grades (e.g. types of
reactions, how to assign oxi dvaticdlon numbe.]
rel at i on stheylinkkd it te topice taught earlier in the same grade (e.g.
spontaneity of chemical reactions, chemical equilibrium, spectator ions etc.), which

was coded as fAhorizont al relationso. Thr
from the data collecteddm oneparticipant Then entire data were coded by the use

of the codes formed. Due to the fact that | had two topics to code, | decided to code
electrochemisyr for both participantéirst and then to code the data of radioactivity

topic.

In the secondipase of the analysis, categories were formed (Merriam, 2009). The
codes were put under categories which were PCK components suggested by
Magnusson et gl(1999) model, namely, orientation to science teaching, knowledge
of instructional strategies, curricum, learner, and assessment. All codes were put
under the categories and stedtegories of PCK for botbarticipantsand for both

topics. For analysis of orientation to science teaching, | analyzed the data collected
through the cardorting activity. Thecentral and peripheral goals of teachers were

determined. Additionally, data collected through observation and interviews were
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hel pf ul I n understanding the participant
how they teach, how they provide the conteriearners, and whether they share the

responsibility with learners.

In the third part, in order to have better view of the data, | decided to focus on when,

how, and why each teacher enact instructional and assessment strategies, focus on

| e ar n e knswledge rdifficulties and misconceptions, and use curricular

knowledge for each topic. At the end of this part, | had four summary tables showing

the PCK components, namely, instructional strategy, learner, curriculum, and

assessment fovir. Demird slecteochemistry teaching. Then | did the sameMor

Demibs radioactivity teachi ngMrs.Htads same pr
electrochemistry and radioactivity teaching. To sum up at the end of this step, | had

16 summary tables showing when, hangd why each teacher did. The comparison

was made between two tables for particular component for teaching electrachemis

and radioactivity for both teacheior instance, foMr. Demir, summary table

formed for knowledge of assessment for electrocheyrésd radioactivity were

compared and contrasted in order to notice the tgpecificity. The comparison was

done for all PCK components for both teach&tsen, thdo ot h pamesultici pant s
were compared and contrasted to check if theneeany differences between them.

Crosscase analysis revealed thatthe t h  t ®achinig electsoéhemistry and

radioactivity were quite similar. There was no major difference between them.

Finally, | started to label the categories. For instance, data anstigsigd thaboth
participanta s sessed | earnersdé understanding at
prior knowledge), during (e.g. assessment of to what extent they learner through

quiz), and at the end of electrochemistry (e.g. unit test) by the us¢éhdiolbmal

(e.g. quiz) and informal (e.g. informal questioning) ways. The assessment used for

el ectrochemistry was | abeled fACoherent a:
radioactivity was quite limited regarding the type, time, and purpose of it.fohere

it was more AFragmented assessmento in r.
component, again a summary table (8able 20 showing all labels was formed.

Then, PCK Awaslabeled and described for teaching electrochemistry and PCK B
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was labeled andedcribed for teaching radioactivity. The description of all labels

was provided in the result section.

3.10.2.Data Analysis for Interplay among PCK Components

This part was based on data collected faoma of the participanis electrochemistry
topic. | decided not to include bothe a c tata due t the complex nature of the
interplays. The data &fir. Demirwho had richer PCK thakir. Ertanwas analyzed
for the second sulesearch question. Moreover, | also did not inciMdeDemird s
data for teahing radioactivity because his SMK and PCK were not as rich as they

were in teaching electrochemistry.

After finishing the data coding for the first suesearch question, | focused on the
second one. Due to the fact that | was familiar with the datalse of the analysis

of the first part, coding this part was easy. | coded all of the interplays noticed in all
datasources el ongi ng t o Mr . De mi r OMhattneeantby i n g
interplay can be explained well with an example. For irtstam one of the weekly
interviews,Mr. Demir stated that due to the fact that there was an objeaimeat

teaching Nernst Equation and performing exercises about it, he added that part to his
teaching. In this part, it was obvious that his knowledgauaficulum informed his
knowledge of instructional strategy about teaching Nernst Equation and performing
exercises. Thedgpesof relations among PCK components were coded as interplay.
Then, | examinedll of the coded interplays. | noticed differentachacteristics of

them. For instance, some of the interplays were so simple that they included only two
components of PCK whereas some of them were quite complicated that they had
some parts (e.g. understanding, decigiaking, enactment, and reflection).

Through the analysis of the coded interplays, | was able to assert some points about

the nature of them.

To sum up, the data analysis conducted in this study was between inductive and

deductive analysis (Patton, 2002). In inductive analysis, there gméoniocodes and

categories whereas deductive analysis is based on the existing codes and categories.
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In this study, | coded the data in light of the codes gathered from PCK model and the

data collected. Moreover, | used PCK components suggested by Magraisl.

(1999) as categories. Till this part data analysis was almost deductive. However, after
that it was inductive because | tried to find out the patterns which are not existent in
the literature for teaching electrochemistry and radioactivity.slindar approach

was also used by Lannin et al., (2008):

What evolved was a dialectical process in which we coded data, discussed our
codes, revisited the original PCK model, recoded, and so on. In this way our
final product included both priori categores derived from the Magnusson et

al. framework, and new categories that emerged from the data that led to the
development of our revised framework (p. 10).

When the nature of naturalistic inquinasthought, it is quite normal to face with

this type ofdifferences because there is no one correct analysis for qualitative data.
Additionally, qualitative research has design and analysis flexibility (Bogdan &
Biklen, 2007; Marshall & Rossman, 2006; Merriam, 2009; Patton, 2002), which is an

indicatorofqual t at i ve researchés richness.

3.11.Trustworthiness

Validity and reliability issues in qualitative research are different from those in
guantitative research (Yeldéeréem & ki mkek,
between quantitative and qualitatipproaches, unique standards for ensuring

validity and reliability are required. Moreover, the standards require special names

for qualitative and quantitative approaches (Lincoln & Guba, 1986). Lincoln and

Guba (1986) stated ¢tbiaternafvaliditg tandierabilitytay as
an analog to external validity, dependability as analog to reliability, and

conformabiity as an analog to objectivity ( pr7). Tied the blend of credibility,
transferability, dependability, and conformabilioym trustworthiness of research. In

the following part, evidences for trustworthiness of the study were given.
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3.11.1. Credibility

Credibility in qualitative researdb related to whether the results are congruent with

the reality or not (Merriam, B8B). Six strategies which are triangulation, member

checks, longerm observation, pe@xamination or peer debriefing, participatory or

coll aborative modes of research and cl ar|
increase credibility of qualitativeesearch. In this study, triangulation, peer

debriefing, longterm observation, and member checks were employed to ensure

credibility.

Triangulation is using different data sources of information by examining evidence

from the sources and using them tdlda coherent justification for themes
(vyelderém & kimkek, 2006). Patton (2002)
categories which are data triangulation, investigator triangulation, theory

triangulation, and methodological triangulation. In this studya driangulation was

achieved by using multiple data sources including-sarting activity, interview

transcripts, field notes from observations, and CoRe.

The investigator triangulation was achieved by inviting three colleagues of the

researcher to gerve bothieachesdbteaching. They were purposefully selected for

the observation because they are knowledgeable about PCK construct, its literature,
components, and how to observe it. Totall
different weeks antbpics were observed by thesearcheand three other observers.
Additionally, the observation form, instruction on the parts of the form, and how to

use the form were provided. After observation, we came to gather and discussed

about our observations \Wihelp of the form. When we had inconsistencies, we

focused on that part and tried to reach consensus. All PCK components were

discussed in these discussion sessions.

Peer debriefing involves a person to review and comment on the findings (Merriam,
1998) | requested two of my colleagues who have experience in qualitative research

and PCK in coding and categorizing process, and in interpreting the results.
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Member check refers to make the participants of the study check the data, categories,
andinterpre at i ons ( Yél dé rTiemart&ipakts were gikenthe2 0 0 6 ) .
opportunity to react to the interpretations of the data throughout the investigation.
After analyzing the datdhe researcher print out the summary tables for PCK
components and interplagsd visited participants. Theyere requesteto check the

data, categoriegnd interpretationgarticipants did not state any opposite

interpretation. They agreed with the results and interpretations provided.

Finally, longterm observation also h&lg me to ensure credibility. | spent about two
and a half month with the participants. Meanwhile, | observed their classes, spent
time with them, and talked about teaching, learners, context, and curriculum. Due to

the long terrobservation, I triedtocapur e t eacher sé PCK in t w

In addition to those points suggested by Merriam (1998), to increase credibility of

the research, Pat t o wmredbiitpod resparchegvbichnsme nd e d |
dependent of tr ai nn dphifpsophigapbeliefinehe vakedof ( p. 55 .
qualitative inquiry that is,a fundamental appreciation of naturalistic inquiry,
gualitative methods, inductive anal ysi s,
(italics are original, p. 55853).As a reseatwer, | took a qualitative research course

before starting to this research. Although it does not mean that | learned everything

about qualitative inquiry, still, it provided a perspective about naturalistic approach. |

had a chance to read at least thrisérdyuished qualitative research textbooks to

understand the underpinnings of this field. Furthermore, | have been conducting

gualitative research since 2009, which provides me a great experience in questions to

be asked, data to be collected, and amaktgsbe done in qualitative research. In

addition to experience in this type of research, | also have had experience in teacher
education field especially in PCK since 2006. | also have been studying with pre

service teachers for five years in practicebéag course to assist their PCK

development. Also, the experience | had due to pilot study helped me a lot about the
revisions made, points focused, and questions asked. Finally, | spent a great year in

the US, University of Missouri which has a perfe@duate program focusing on

teacher education. | took a doctoral seminar coll’BE,8900 Science Teacher
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Learning taught by Assoc. Prof. Dr. Patricia J. Friedrichsen in the spring semester of
2010 (Appendix H). I studied with Sandra K. Abell (to greatdroof her), Deborah
L. Hanuscin, Patricia J. Friedrichsen, Mark J. Volkmann, and Lloyd Barrow.

Hopefully, these evidences helped the increase of my creditability as a reseracher.

3.11.2. Dependability

Although in quantitative research reliability ref¢o the replication of the findings,

in qualitative results it has different meaning due to the nature of the qualitative
research (Yeldéerém & kimkek, 2006) . Dat a
to increase both credibility and dependabilityualitative research (Merriam,

1998). Therefore, in this study investigator and data triangulation were employed as
explained above. Additional two coders who have experience in PCK, chemistry
education, and qualitative research coded one dedwherdrom whom data were

collected. Interrater reliability was calculated to provide evidence for credibility and
internal reliability. Interrater reliability was calculated as %91 through the use of

formula suggested by Miles and Huimam (1994). The formulis;

Reliability = Number of agreements /

(Total number of agreements + disagreements) X 100

The inconsistencies were discussed again and consensus was reached at the end.

3.11.3.Transferability

Transferability is related to what extent the resultslwageneralized to different
situations (Merriam, 1998). It is questionable that whether making generalization
based on data gathered through a single case or some cases. Although making
generalizations is not the focus of the qualitative research,dheesme ways that
are thick description and studying with more than t@aeheito increase the
transferability. In this study to increase transferability both of the strategies were

implemented. The physical and cultural environment of the high sclotedsyooms,
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and participants were described in detail. Finally, the study was conducted with two

in-service chemistry teachers.

In the next part, details about how data bases were searched, role of the researcher,

ethical issues, and schedule were pregtid

3.12.Key Words and DatabasesSearched

First, the key terms related to the topic were determined with the help of the previous
studies. The initial key terms identified from general to specific are R=3€rvice

teachers, lkemistry education, argtience education.

Due to the fact that there have not been many studies related to thepegqitc

nature of PCK, especially with-service chemistry teachers, science education were
used as a key word in addition to chemistry education. Tagedfic PCK studies
conducted in the other fields of science also helped the researcher especially in terms

of theory and methodology.

Second, general references such as Science Direct, Educational Resource

Information Center (ERIC) databases, and Inteonafi Dissertation Abstract were

searched for the relevant primary sources. Moreover, to reach primary sources in

Turkey, journals that have online access (e.g. Hacettepe University Journal of
Education, Education and Sciadnivemsity and EI
Journal of Education, Kastamonu Education Journal, Gazi University Journal of

Education, Eurasia Journal of Mathematics, Science and Technology Education,

Eurasian Journal of Educational Research, and Educational Science: Theory and

Practice)were searched.

Third, the books were searched by using determined key words in the library web
site. After completing review of the related literature, determined primary sources

were obtained. They were read by noting the key points. When differenesou
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were found during the study, they were obtained and added to the study through the

time.

3.13.The Role of theResearcher

The existence of the researcher in the context where participants act has some
considerations (Marshall & Roseman, 2006). Efane,the researcher should state

the degree of his/hgrarticipantness, revealedness, intensiveness, and extensiveness
(Patton, 2002). The participantness has a range between full participant and complete
observer. In this study, | was complete obsenveid not participate in any

classroom activity, group work, or discussion. | just sat at the back of the classroom,
observed the teachersd teaching and reacH

and difficulties, and took notes about what | obsérve

Second, in terms of revealedness, teachers were informed about the purpose that was

to examine teachersd PCK in two differeni
not to attract studentsodo att egsetviceon, the |
teacher who would observe their class. | preferred to be introduced like that because
students in the school where the study was conducted got useestryoe

teachers. College of Education assignedsagr@ice teachers to high school for

teaching practie courses. Therefore, students in the classes in which | did

observations were not disrupted very much. Teachers were informed about my

research and identity.

The third point related to researcher role was intensivemess ensi veness t he
amoun of time spent daily in the setting &
Roseman, 2006, p. 73). Before starting to study with the participants, first, | visited

them to meet and request to participate in the study. Then, | went to schools for

taking their weekly schedule and got some detailed information about the
participantsd background. After that, [

teach. Finally, | called them almost every week to talk about what they were teaching
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in that week, har they were teaching, etc. So, before the study, we had some time to

understand and trust each other.

Finally, due to the specific purpose and focus of the research, as a researcher, | think
that my role was quite obvious at the very beginning of thaydtoth for me and the

participants (Marshall & Roseman, 2006).

3.14.Negotiating Entry

Before meeting the participants, | was thinking that it would be much harder to
persuade experienced teachers to study with me due to my own experience.
However, wlen | visited schools, teachers were positive about participation. They
requested me to talk to their principles about the permission and IRB issues. The
principles were also positive so | applied to IRB for getting permission to study with
those teacher&eing honest and clear about the research purpose helped me
persuade them. Additionally, because | did not force them to implement anything and

change their plan, they easily agreed to study with me.

3.15. Efficiency

In qualitative studies, researchsi®uld be efficient regarding to time and sources

used (Marshall & Roseman, 2006). Keeping the research questions and pilot study in
mind, | decided to observe one clas®ach participant teacheBoth teachers

taught two 11tkgrade classes in that sester. For one of the classes that they

taught, | observed all class hours that they taught electrochemistry and radioactivity
topics. So, observing teacherso6é teaching
topics and interviewing about their practicer@ reasonably guaranteed to answer

research questions asked.
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3.16.Ethical Considerations

In order to be able to conduct the study, first, IRB permission was taken (Appendix
J). IRB approved that the study has no potential to harm participants Hred t

students in the classes. Anonymity of participants and the school were assured as
well. For all participants, pseudonyms were used. Additionally, all participants
accepted to participate to the study voluntarily and they were informed that whenever

they want to quit, they could do it.

Deception of the participants, protection of the participants from harm, and
confidentiality of data are three important points related to the ethics in research
(Frankel & Wallen, 2006). Nobody except the researdi@mradvisor, and additional
coders had access the data collected for the study. Finally, participants were not
deceived. An informed consent form was prepared. The purpose of the study was
explained to the participants; however, all the details were weh gibout the
research in order to not to influence their planning and teaching. At the end of the

study, all details and results were shared with them.

3.17.Limitations about Trustworthiness ofthe Study

There are some limitations originating frone thature of the qualitative study. The

first one is the existence of the researcher in the classroom. Although students did not
notice that | am a researcher, still my existence in the class might influence them. In
addition to effect on students, partiaij teachers might be manipulated by my

existence, observation, and note taking. These all affected the natural setting of the
classroom. However, to minimize my effect on students, | was introduced as a pre
service teacher taking her school experiencessouTo minimize my effect on

teachers, | always stressed that | am there to observe how experienced teachers teach,
how they automatically respond studentso
their way of teaching rather than judging or criticizthgm. Furthermore, | stated

that we need to understand experienced t

the instruction to benefit their experience in-pegvice and irservice teacher
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education. Additionally, | tried tependsome time with therand talked about other
topics except teaching and chemistry. It is assumed that the participants got used to
me easily because they stated that they were observed-bgrpree teachers all
semesters. So, they did not feel bad, nervous, or stressed ojpimon, interviews
conducted before the electrochemistry topic started helped us get used to each other.

The second one is related to the generalizability of the re$titsstudy was

conducted in Turkey in which teachers generally teach didagtiddikey rarely do
laboratoryactivities and demonstratioremyduse different instructional and

assessment methods. Teachers are mes#ly ashe dispenser of the knowledge.

Those characteristics of teachersd teachi
research results. Moreoveln, & parti ci pant teachers may n
teachingin Turkel n addi ti on to that, only two te
this study. In order to make generalizations, it is need to study with more teacher

However, smilar to Turkey, inmany Eastern cultures, the context described above

was parallel, for instance, India cont¢diargundJoshi et al., 2011) ar@hina

context(Zhang, Krajcik, Sutherland, Wang, Wu, & Quiang, 2003)erefore, the

results maype comparable to the results of research conducted in Eastern Culture

contexts rather than in Western one.

The third one might be related to the | a
Due to the fact that school principles did not let me dq thaiuld not take video

with me. Therefore, it may create some problem because | might not be objective

during the observation as much as expected. Other researchers might observe

different things, however, to minimize this limitation | requested thresarehers to

come and observe with me. They were PhD candidate in chemistry education. Before
going to observation, first, we talked about what we were looking for, what can be
observed, and what can be an indilcation
selected those three were that they knew what PCK is, components of PCK, and they
conducted research on PCK. Two of them participated to PCK seminar related to

PCK models, sources of PCK, and research in PCK field. Two of them observed two

class periodfm electrochemistry and the third one observed four class periods both
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in electrochemistry and radioactivity. After the observations, we came together, and
compared and contrasted our field notes. Then we talked about what we observed,
which part of the nies were related to PCK components, how the teacher instructed,
assessed, and respond to students. Therefore, with those precautions, | tried to

decrease the limitation of lack of vidéaping as much as | can do.

3.18.Time Schedule

Data were collecteffom two experienced chemistry teachers working in private
high school in Ankara. Tablshows the timeline of the research.

Table 6. Timeline for theresearch

Date Events

January 201May 2010 Design of the study

Development of the interview questions and

June 200- August 2010 other necessary instruments for data collectis

August 20160ctober 2010 Pilot study in the US

Data analysis of pilot study, and revision on 1
November 2010 December 2010 instruments in lighof the pilot study, and
preparation last version of instruments,

Translation of instruments into Turkish and
getting expert opinion on them, selection of t
participants, meeting with participants, and
getting IRB permission

January 201-1March 2011

Data collection & Preparing data for analysis

April 2011-June 2011 (transcription, organizing field notes, etc.)

August 2011 December 2011 Data analysis

Writing results, conclusion, and discussion

January 2012April 2012 :
section

Finally, assumpbns about the nature of PCK and the participants were given.
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3.19.Assumptions about PCK and theParticipants

1 PCKis transformation of knowledge bases (SMK, PK, etc.) for teaching,

1 Teaching experience is one of the major sources of PCK, therefoegiezqed
teachers have a solid PCK,

1 Experienced teachers use different components of PCK (e.g. learner, curriculum,
etc.) effectively and simultaneously in order to make teaching more efficient,

1 SMK is essential for developing robust PCK but not the knbwledge base
forming PCK,

1 Participant teachers have solid SMK for both topics focused on,

1 Participants have a rich repertoire of instructional and assessment strategies.
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CHAPTER 4

RESULTS

In this section results were provitieDetailed results were presented for

electrochemistry and radioactivity for each PCK aspects, hamely, orientation to

science teaching, knowledge of instructional strategy, curriculum, learner, and
assessment. Under the each component of PCK, firstategaries formed were

described in detail. Then, for each topic, the detailed explanatiootlof e ac her s 0

use of the components was summarized with the examples taken from both the

interviews and observations. Furthermore, a brief table for each conipaoaen

formed to help the readers to see the whole picture and to follow the resultsleasily.
additiontothate sul t s f or both participantsd were

were no major differences between the pal

After providing all the details about the toggpecific nature of PCK, the interplay

among the PCK components were summarized.

4.1. Introduction of the Participants

4.11. Mr. Demir

Mr. Demir has about 14years teaching experience in high school chemikteyhas

been teaching in a private high school in which all fields have their groups including
a chair and other teachehdt. Demiris the chair of the chemistry group and working
with two other teachers in the school. He graduated from a vocationadhgbl

and worked in industry as an electric technician. Then, he went to college to become
a chemistry teacher. He is interested in preparing students to participate in science

competitions and fairs. Moreover, he has been participating in differsatvite
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trainings (e.g. introduction of new high school chemistry curriculum) and
educational conferences to present his research (e.g. participatfdiNtianal
Chemistry Education Conference, to present his work on mentorirggpriee
teachers durig practicum). Finally, he is interested in researching new activities,
experiments, and in learning scientific knowledge gathered recently.

4.1.2. Mrs. Ertan

Mrs. Etanhas a master o0s degree in secondary
teaching high sct@ chemistry for 8 years in private high schools. She is one of the

three chemistry teachers working at the same school. She graduated from a top
college in Turkey. Before starting to teach in high school, she tutored high school
students for university érance exam. Similar tdir. Demir, she participated in
professional development activities (e.g. Performdrased assessment, Introducing

new chemistry curriculum, Science and Science education, New trends in chemistry
education) in Turkey. She also wéatGreece to participate a workshop on planning
science activities. She is also interested in enriching her teaching with different

activities and representations whenever possible.
4.2. Results for theTopic-specificNature of PCK
4.2.1. Orientation to Science TeachingMr. Demir and Mrs. Ertan

Both teachersdé6 orientation tMagmssonethce t e:
al,(1999) described teachersoé didactic ori
content knowledge to learneiiheir teabing was generally based on lecturing.

However, they both enriched the lectures with demonstrations, analogies, and

activities. To get idea about their orientation to science teaching, data gathered

through caresorting activity, observations, and intemvg conducted after

observations were used. Analysis of data sources showed thatiibd@lemirand

Mrs. Ertanhad conflicts between their own purposes and the realities of Turkish

Education System. Moreover, data collected through-sarithg activity and
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through observations indicated some differences and similarities. Even during the
caadsorting activity, they mentioned the

both ideal view and real practice were summarized bélable7).

Table 7. Results from cardorting activity

Participants Scenarios: Scenarios: Not agreed Scenarios: Not
Agreed at all sure
Mr. Demir 2,3,4,7,8,9, 14 1,11,12 5, 6, 10, 13
Mrs. Ertan  2,3,4,7,8,9, 13, 1,11,5,12 6, 10
14

With hdp of the cardsorting activity, both participardis | deal <centr al
purposes were determined (TaB)e

Table8.Par t i ddegbamndvwosking ideas from caswrting activity

Participant Purpose Purpose

type
Central To relate chemistry to dallfe,
purposes  To help learners discover rather than providing knowled
Mr. To develop scieneprocess skills,
Demird Peripheral To f aci litate | earnerso i
ideal goals To develop congousness in terms of environment,
Purposes To provide knowledge about history of development of
concepts
Mrs. Central To develop higher order thinking skills (e.g. critical
Ertandé s  purposes  thinking),
ideal To relate chemistry to dallfe,
Purposes To developscientific literacy
Peripheral To facilitate | earnerso6 i
goal

! Details for the orientations: Hidactic teaching, 2: Activity driven, 3: Discovery, 4:
Conceptual change, 5: Academic rigor, 6: Guided inquirygciérfic skill
development, 8Curriculumgoat History of development of concepts, 9:

Curriculum goaldeveloping conscious in terms of their relation to environment, 10:
Curriculum goal: Terminology, 11: Reality of Turkish education system, 12:
Curriculum goal: STS, 13: Curriculum goal: Environmésetaics, 14: Affective
domain,

d i

an.
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Through the end of the casbrting activity and during the data collection period, |
realized that there were some 9aghbweedr at i on:
their purposes which were identified through observation of their teaching for two

and a half months.

Table9.Par t i qurgpses dorscladded from their practices observed

Purposes Purposes Participants
Central To provide necessary knowledge to learners, Both
Purposes  To prepare learners for university entrance exam, Both
To relate chemistry to dadlfe, Both
Peripheral To facilitate | earnerso Both
Goals To develop consciousness in terms of environment,  Mr. Demir

As can be seen from the tal@and table9, although some similarities between ideal

and observed purposes existed, main differences were also detected. Regarding to

si mi | aarelateicleemistryt tdaly i f e 0 was olpugposess t he cen
observedinboth e ac her sBuetoraDerhidb a gbackground i n Vv
high school and in industry, he said that he links d#d#yand chemistryCard-

sorting activity). Mrs. Ertanstated that due to her boring experience in higbach

with her chemistry teachers, she decided to relate chemistry telitiilkier

teachers did not link the topics in chemistry to liB&afd-sorting activity).

Whenever, possible, they both mentioned where and how we use the phenomena

taught in the clas Another reason of pursuing with it may be the stress made in the
curriculum regarding to relating chemistry to ddife. In addition to use of daily

life, some of the other ideal and observed peripheral goals overlapped. For instance,
tofaciltatelear ner s ® i nt er eosléveldp nonscibusness im tetmyof a nd t
environment were both stated Bly. Demirin the caresorting activity and observed

by the observer. Favrs. Ertan there was a consistency in her peripheral goal, to

facilitate learne s 6 i nt e r e stdted in the card sortimg &dtivityand

observed in here class.
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However, some discrepancies were observed between their ideal purposes and
purposes observed in real practices (T&8mAead9). For instanceMr. Demir stated

tha one of the central goals was to help learners discover rather than providing
knowledge to them during the casdrting activity however he provided knowledge

in most of his classes. In other words, rather than letting learners to discover, he
suppliednecessary knowledge to them. For instance, he used a lab activity for
determining relative reactivity of metals in electrochemistry. It was a good lab
activity; however, he gave the purpose of the lab activity, the procedure, and how to
do it. The only thing that learners should do was putting a piece of metals into
different solutions. Although he stated that he want to use discovery strategy in his
class, he did not focus on discovery strategy. Hetijiestto provide the necessary
content to learners i help of hand®n lab activity. Due to the fact that he

provided purposes, design, and procedure to learners, his other central goal that was
to develop scieneprocess skills formed another inconsistency detected.

Yet another example related to digzaacies was about teaching didacticallys.

Ertanput t he fAdidactic teachingo scenario

Scenariol: A good way to effectively teach students about fusion and
fission is by lecturing and using the blackboard to draw samplearaand
tell the students the differences betwéesion and fission reactions.

However, | observed that she taught fission and fusion reactions exactly the same
way stated in the scenatio She taught fission and fusion didactically in two days
and in he last day of that week, she used domino activity to show how fission used
in atomic bomb and nuclear reactor. The activity was used after providing the
knowledge traditionallyKield Notes, week3).

Finally, in terms of peripheral goalslr. Demir statel that it is important to provide
knowledge about history of development of concepts in-sarting activity; he did
not mention it at all. When asked about them, he explained the lleagsibons of

the discrepancies:
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Curriculum is too loaded. It is ated that learners should learn by doing,

though making projects and research. However, it is impossible to do that
because of the curriculum load. If used all of them, I think, | would teach one
third of the 11th grade cur mndatedul umé.
objective in the curriculum, we do not know whether questions will be asked

from all of them in the exam [university entrance exam]. We do focus on
objective, but after the university entrance exam, parents will complain about

our teachingandwamts t o teach for that examé. S
not preparing learners to link chemistry and défly, rather, preparing them

for the exan{Card-sorting activity, Mr. Demir , p. 2-3).

In light of the data gathered, it seems that they both hdidaatic orientation for

11th grade chemistry course for science majors. However, it is not purely traditional.
By the use of handsn activities, analogies, animations, and discussions on
environmental issues, their traditional teaching was supplemdiitey.stated that

due to time limitation caused by loaded curriculum and university entrance exam,
they had to shift their ideal focus to real one which helps them to handle with reality

of the Turkish education system.

4.2.2. Knowledge oflnstructional Strategy

When the data were analyzed, we came up with two instruction types usedwy the
DemirandMrs.Ertan n el ectrochemi stry anantentadi oac!H
based and teacharentered instructiod a nd t h dessdebdhexenterech s 0
instruction enriched with implicit NOS and discussion on Scidreotinology
SocietyEnvironment (STSB). Fi rst, the description of
provided, and then the summary table showing the features of them were given.

Finally, examplestake f r om t he teachersdé instructi ol

meant with the instruction types.

F i r Gontentbdsed and teacharentered instructiom r ef er s t o t he i n:
which teacher is the source of knowledge. They did not share the rigdggngith
learners. Content, algorithmic calculations and concepts were the aspects stressed in

this type of instruction. These aspects were delivered by the use of didactic teaching,
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representationgeacher demonstrations, hafaisactivity, dailyuseof the topic,

performing exercises, and comparison of concepts.

In this type of instruction, teachers always presented the content through didactic
teaching at the very beginning (Tall@. After that, they provided an exercise to

apply the knowledgerpsented. They always performed the first exercise and

stressed the important points that learners should be careful about. Then, they made
students perform others on the board. Finally, following teaching and performing
exercises, they implementedactwit t o attract | earnersdo att
remember the topic. The laboratory activity used was structured cookbook lab

activity in which all procedure was provided.

Representations enriched didactic teaching to make the content more candrete
visual. The teacher demonstrations were also employed both at the beginning and at
the end of the topic. To inform learners about dki; daily use of the topic was

offered by teachers after teaching the topic. Finally, to help learners to dmstemi

the confusing concepts, comparisons of concepts were carried.

Secondfi | e s s -cdergeaed ihstruction enriched with implicit NOS and

di s cus s i oraferotmthe3tr@dian during which teachers mentioned NOS
very implicitly, made discussioon energy and environmental issues in addition to
content, daily use, and concepts. Teachers drew on didactic teaching, representations,
activities, daily use, and comparing and contrasting concepts. However, in this type

of instruction, teacher had lessntrol on the learning process than they had in the
former instruction type. Discussions regarding to effectiveness, cost, and effect of
nuclear energy on environment, people, and society made learners active participants

rather than passive listeners.

Didactic teaching was used at the very beginning of the topic with the same purpose;
to provide necessary knowledge. Additionally, discussions which were held to satisfy
|l earnersd curi osi tviewrgadingttooenepgy madethike s ci e n |

teachng lessteachet ent er ed and i ncreased | earnersbo
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06scientific knowl eangdringteachsngib thietgpeoft o ¢ han
instruction very implicitly. Different than the former instruction, there was no
algorithmicc al cul ati on here. Representations s
regarding to visualization. Hands activity was employed to help learners
remember the content after teaching the topic. The concepts making learners
confused were compared and contrasigtvell. Finally, to notify learners about the
daily use of the topic, teachers mentioned how we use them in our life after teaching

the subject matter.

Table10 shows the summary of both types of instruction.



Table 10. Two types ofinstruction labeled and their properties

LABEL: CONTENT-BASED AND TEACHER-

LABEL: LESS TEACHER-CENTERED INSTRUCTION

Aspects | CENTERED INSTRUCTION ENRICHED WITH IMPLICIT NOS AND DISCUSSION
stressed ON STSE
_durlng 'ghe The way of delrering (How) [ Time for the | Purpose of th The way of delivering (How)| Time for Purpose of the
Instruction use (when) use (why) the use use (why)
(when)
Content Didactic Teaching At the To provide Didactic Teaching At the To provide
beginning of | knowledge beginning | knowledge
the topic necessary to of the topic | necessary to
learn the topic learn the topic
Representations and During To make more] Representations During To ask question
analogies teaching concrete and teaching and make
visual students think
on the reactions
to make more
concrete
Teacher Before and Teacher
demonstration after To attract demonstration | = -----
Activity teaching the | attention and | Activity to help learners
topic to help remember
Hands on After learners Hands on After
activity teaching the | remember activity teaching
topic the topic
Daily use of After To relate Daily use of radioactivity After To relate
electrochemistry teaching the | chemistry to teaching chemistry to
topic daily-life the topic daily-life

811



Table 10(continued)

Algorithmic Performing After providing To make them usg
Calculations exercises the necessary the knowledge Not mentioned - -
information given, to help
didactically them learn the
knowledge taught
to talk about the
important points
Comparison Comparing and | At the beginning | To prevent Comparing and | At the beginning | To prevent
among the contrasting them | of the topic and learners to confusf contrasting them | of the topic and learners to confus
concepts verbally and/or during teaching it | them verbally and/or during teaching it | them
confused by the use of a when necessary by the use of a when necessary
table table
Implicit NOS Not mentioned - Implicit, mention | During teaching | To help learns to
Teaching - didactically the topic think that
scientific
knowledge is
subject to change
STSE Not mentioned - - STSE During teaching | To satisfy
the topic |l earner s
to provide
scientific view
regarding to
nuclear energy

6TT
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Table 11. Types of instructions used in electrochemistry and radioactivity

Participants Electrochemistry Radioactivity

Both Mr. Demir and Contentbased and Less teachecentered

Mrs. Ertan teachercentered Instruction enriched
instruction with implicit NOS ard

discussion on STSE

Data analysis showed that battachersi s e d a -basedand teacheentered

instructiond to teach el ect«xemterbdde mi stry
i nstruction enriched with | mpdastiagty t NOS
(Tablell) . Bel ow, the details of teachersbo
radioactivity were summarized by the use of the data collected through multiple data

sources (e.g. interviews and observations).

4.2.2.1.Content-based and Teacher-centeredlnstruction in Electrochemistry

4.2.2.1.2. Subjeespecificlnstructional Strategy

None of the teachers used subjgpecific strategy (e.g. 5E, inquiry, etc.) during

teaching electrochemistry.

4.2.2.1.3. Topiespecificl nstructional Strategy

Topic-specific strategies implemented by teachers were summarized under to sub

titles, namely, activities and representations.

Both Mr. Demir and Mrs. Ertaemployed conterdbased and teacheentered
instruction in order to teach electrochemistryother words, their instruction was
mainly based on transmission of knowledge to students. For example, after taking
student sodé i deas a lMoDemirpovided the koogvledgeni c a |

directly: started the electrochemical cells with a quastio

cel
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Mr.Demir What 1 s an electrochemical <cell
Studentl(Std): Cells containing chemicals.

Std-2: It is producing energy during a chemical reaction.

Mr. Demir: If we can produce electricity because of a reaction, it is

electrochemical cell.So, hav can we get it?Hield notes, weekd, p.32.

After taking studentsd i deas about it h

If we want to produce electricity, the electrons should be moved from one
part to other. In here [redox reaction occurring inesker] electron transfer
occurs in thesolution. It should be transferable if we want to get electricity.
Here, there is nelectricity because oxidation and reduction occur in the
same container argimultaneously. If we do it in separate containeescan
get it(Field notes, week4, p. 33).
Then, he showed a video providing the information that students were supposed to
learn (e.g. how to determine anode, cathode, and the direction of the flow of
electrons, etc.). In the next day, he drew a-zmgper (ZRCu) cell on the board and
started to teach it in detail. Later, he performed exercises related to electrochemical
cells, how to determine anode and cathode, and calculations of potentials of cells on
the board. For example, he performed theH4rand CuH, cells on the board and
then they performed the others together. Finally, at the end of the cells topic,
teacher 6s de mo n sCucelhwas employedd¥ireaDemirdHet o Zn
showed how to make an electrochemical cell by the use-aih@dn electrodes,
Zn(NOs), and Cu(NQ); electrolytes, and salt bridge filled with KN®olution. He
mentioned oxidation of zinc electrode from zinc atom’Zm zinc ion (ZA") and
the reduction of cupper ion (€Y to cupper atom (ClL Learners were staimy
around the bench on which he was demonstrating and observing himsidree
provided above from electrochemical cells was a highly representative example of
bothMr. Demirand Mrs. Ertams t eaching in electrochemis

During electrochemistry, thaysed two teacher demonstrations and one hands
activity. One of the teacher demonstrations was implemented to show the color
change during redox reactions between Zn metal and G){KE@ctrolyte at the
beginning of the topic. The second one was detnates! after teaching

electrochemical cells (Z€u cell). The purpose of the demonstrations was again to
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make the topic more concrete and to help learner remember it later. The only
laboratory activity they implemented in electrochemistry wd®@ e a ¢ f Metalidét y o
employed after teaching reactivity of metals didactically. The activity was structured,
and the purpose and the process that learners should follow were given in the hand
out. They were supposed to sequence of metals (e.g. Zn, Cu, iron (Fegshagn

(Mg) and Hydrogen ion (B with help of their observation of reactions among them.

Second,n addition to demonstration and laboratory activity, teachers also used many
representations for teaching the different-sabtions of electrochemistry. Shglic
representation of the reactions and macroscopic drawings of cells were always

provided to learners. Suhicroscopic representations of redox reactions were

overlooked a bit when it was compared to macroscopic and symbolic levels. Sub
microscopic levewas mentioned during the animation used for electrochemical cells

topic (Field note, week4, p.34. Furthermore, a video related to cell formation and

cell components were shown to make the topic more concrete. Yet another type of
representation put infaractice was analogy. For instanbtrs. Ertanused a

waterfall analogy in order to tell the spontaneity of the reactions occurring in the

el ectrochemical <cells. She stated: WAAs i
to low one. The directionfelectron flow is from anode to cathode. Then, the

potenti al of anode i ¢Fieldmote,hp&86)Whenhaskadtiteh at o0 f
reason of use of analogy during the interview, she said:

€to help | earners wunder sheaealdaret hat t he
spontaneous, which is similar to movement of water from higher point to
lower one. The electrons move from electrode with higher potential to other
with lower potential. They can visualize it better with the analogy
(interview 1-5, p.1).
Similar to analogieshoth participantsleveloped varying representations to help
learners understand the topic. For instaiMre, Demirand B used a representation
(Figure 14) in which an arrow to help learners understand whether an atom and/or
ion was oxidzed or reduced during the reaction. Learners had difficulty in

determining the oxidized and reduced species in the cell.
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Mr. Demir Mrs. Ertan
Fe:(+3) ——— () Mn:+7 —s +4 (reduced)

Zn(0) —» (+2) C:+3 — +4 (oxidized)

Figure 14. Representation used to indicate the changes in oxidation number

Bothteacherdocused on the whether the species received or gave electron. They
stressed that if electron is received, there is a decrease in the oxidatiom agrmbe

the F&%ion. It received three electrons, which resulted in a decrease from (+3) to (0).

Yet another representation used in the electrochemistry was related to Standard
Hydrogen electrode (SHEYIr. Demirtried to tell the relative potential®tkrmined

by the use of SHE and stressed:

We select Hydrogen electrode as a reference point and we determine the
othpopséntials relatively tFeldHydr ogen ¢
notes, weekb5, p.39)

He related the height difference amonglthes in the representation (Figut) and

how SHE is used in chemistry. He stated that the values given for oxidation or

reduction potentials are not absolute values rather they are the relative values. SHE is

used as a reference poffield notes, wek-5, p.39, interview 15)

Zn 076V

H, powv
Cu -034V

Figure 15. Representation of relative oxidation potential of Zp, &hd Cu

Another important aspect of their instructional strategy was the comparisons that
they made between the concepts that codfgsedents. Whenever necessary they
either compared them verbally or provided a comparison table showing the
differences and similaritigsetween them. For instance, Mr. Destited that

students have difficulty in discriminating electrochemical and mstic cells in the



124

CoRe interviewf§.2). Then, he provided a table comparing and contrasting

electrochemical and electrolytic cells at the beginning of the electrolytic Talbdée(
12) (Field Notes, Week6, p.51)

Table 12. Comparing and contrasting electrochemical and electrolytic cells

Relationship between Cell Potentials, E,and FreEner gy Chang

Reaction Type
Spontaneous
Nonspontaneous
Equilibrium

E
+

0

&G

+
0

Cell Type

Galvanic
Electrolytic
Dead battery

He also stressed the differences verbally.

Last week we said that redox reactions can be spontaneous and non
spontaneous. If it is spontaneous, it produces energy whereas if it-is non
spontaneous, i
them is that energy is produced electrochemical cells which are spontaneous

t

requires

energynto

reactions. However, reactions occurring in electrolytic cells are- non
spontaneous and necessitate energy to proceed. The same events [in terms of
the place where oxidation anddrestion reactions occur] occur in the anode

and cathode of both cells. The only difference regarding to the half cells are
[ Field Mote,ONeekd, p.63Y e

the signs

of

t hem

Mrs. Ertanalso utilized the same comparison table indi@ss:

We finished electrochemical cells. And now we are starting electrolytic cells.
fference
students said that electrochemical cells include two containers but electrolytic
cell has onlyone. Then she started to tell the differences. She added the signs

|l s there

any

di

bet ween

of electrodes, use of production of electricity to the comparison tRhé

Note, p.50).

Finally, they mentioned the daily use of electrochemical and electrolytic cells. They

provided electrochemical cell types used in daily life, for instance, dry cell, Nickel

Cadmium (N+Cd) cells, watch cell, et&ome knowledge related to cell ingredients

and photo of the different types of cells at macroscopic level were given by the use

of PowePoint slayts. MoreoveMr. Demirtaught how cathodic protection is used to

protect ships and other metal maésifrom corrosion didacticallfField notes,

week6, and p.5051). In the interview conducted at the end of the week, the reason

of teaching dily use of cells and cathodic protection was asked:

pr

and

t hem?
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Researcher (R):You mentioned daily use of cells and try to relate the topic
to daily-life. Could please tell me about its importance for students and for
you?

Mr. Demir : It would be more permanent.i$ especially related to my

personal él am interested in those KkKint
daily life. I try to give examples of the use of them. It emkhe knowledge
more permaner(tnterview, 1-5, p.1-2).

Similar point was stated bvirs. Ertanas well:

The learning is more permanent if we relate the topic to daily life. We talked
about the car batteriesé. And also to |
principles of the stuff used in lifgnterview, 1-5, p.6)

To sum up, bottMr. Demira n d Mr s instrictioh \eas €insilar mostly
depending on transition of knowledge from teacher to learners. They mostly focused

on the content.

4.2.2.2 Less teachercentered Instruction Enriched with Implicit NOS and

Discussion on STSEn Radioactivity

4.2.2.2.2. Subjecspecificl nstructional Strategy

None of the teachers used subjgpecific strategy (e.g. 5E, inquiry, etc.) during

teaching radioactivity.

4.2.22.3. Topic-specificl nstructional Strategy

First, in the radioactivitypart, both ¢aches started with the nucleus of the atom and
reminded students what nucleon is,-sfibmic particles forming the nucleus, and

atomic and mass number of the atom. Then, they started to teach the Standard Model
didactically. However, in radioactivitthte way of parti ci pant so
was somewhat different than that of teaching electrochemistry. For instance, they
implicitly addressed one aspect of nature of science (NOS), that is, science is subject

to change. IMr. Demitd s ¢ | a s s d codfusiondveen they wéreatalking
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about quarks and leptons in Standard Model. One of the students asked whether
quarks and leptons have sparticles or not.

Mr. Demir : We do not know yet. Before those [leptons and quarks], we just

had known proton andeaitron. There may be others. Later with help of new
technol ogiesé. We could not explain ho\
in the past but now we can do that.

Std:So, did they [scientists] deceive u:
Mr. Demir : Before the recenesearch, we had not known thérmeld Note,

week-1, p. 6364).

When asked in the interview, he said

[Scientists] do not say that [leptons and quarks] do not havpastibles.

They do say that these are the things that we know now. It is a theorpused
explain the phenomena. In near future, scientists may refute it. But it is hard
for learners to understand ibferview, 2-1, p. 1.

CorrespondinglyMrs. Ertanintroduced the same point in her class implicitly. After
mentioning the prior knowledgee learners learned in the previous grades, she
added:

A short time ago scientists thought that proton, neutron, and electron were the
smallest particles of the atom. However, recent research, you remember we
talked about research has been conduct&@ERN [The European

Organization for Nuclear ResearcBhowed that there are satbmic

particles smaller than thosEi€ld notes, p.64)

Then, one of the learners asked whether it is possible to convert a proton into a by
changing the quarks that protbas.Mrs. Ertansaid that she does not know it and
added scientist may not be able to do it now but they may be able to achieve it in
near future. Through theaching of radioactivity, both teachengntioned

constantly that in light of the results gatkeéifrom continuing research, the

knowledge we know now may be replaced with the new one. However, they did not
explicitly say that science is subject to change or engage students in discussion or

reflection on this idea.

Another characteristic of thisy# of teaching was increasing amount of dialog
between learners and the teachers. Especially, questioning and discussions were

integrated to teaching fission, energy issues, and effects of radioactivitysos.
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Mr. Demir : How do we benefit from fisen reactions?

Stds é .

Mr. Demir : Where?

Std-1: To make Atomic Bomb.

Mr. Demir : And?

Std-2: Hydrogen Bomb?

Mr.Demir:No, it is fusion reactioné. A hug
during fission reactions. If the energy released is controlled, itclear

power plant. How is it controlled in nuclear reactors?

Std-3: We can make it in thick lead blocks.

Mr. Demir : How can you control energy with lead block?

Std-4: They use cold water in reactors.

Mr. Demir : It is used for energy transfer. What &mt to ask is that how we
can use the atomic bomb reaction in the reactor? It is a huge amount of
energy but it is not released all of a sudden. How can scientists achieve it?
Std-3: We can use less amount of Uranium. If we use less Uranium, the
energy réeased would be less too.

Std-5: We can use isotopes of Uranium.

Std-4: The neutrons produced have to be caught.

Mr. Demir : The thing that you should do is catching the neutrons produced
in order to impede them to collide with other Uranium atoms.

Std-3: It is decreasing the amount of energy released.

Mr. Demir : To do it, control rods are useHiéld note, week3, p.8081).

In addition to dialog and questioning, they discussed energy produced, effectiveness

of nuclear power plants, and environmeigales.

Std-3: Why does the reactor warm up?

Mr. Demir : Energy is produced and heats the reactor.

Std-3: How do they cool it?

Mr. Demir : They use water. That is the reason why they build them near to
river and lake. But the water cooling system haaaéddfect on the

environment.

Std-1: Radioactive waste may contaminate the river or lake.

Mr. Demir : Yes, possible. Second, when you heated the water, what would
be the amount of oxygen dissolved in that water?

Stds: would decrease.

Mr. Demir : It thredens life of fish and other living organism in the river and
lake.

Std-4: Is not it also expensive to build nuclear reactors?

Mr. Demir : Initial cost is expensive but then it is not.

Std-5: We can use wind power.

Mr. Demir : It is not efficient. Actudly, analysis of energy need should be
conducted for Turkey. How much energy do we need in 10 or 20 years? How
much of that energy need can be supplied from wind power and hydroelectric
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power plant. We buy natural gas from Russia to heat water in hydraelect
power plant. Neither is it efficient.

e .

Std-5: How many percent of the energy need of the country is produced in a
hydroelectric power plant?

Mr. Demir : | do not know but may be about 3%.

Std-5: If we compare the energy produced in a power plart thiat of

Ataturk hydroelectric power plant?

Mr. Demir : It may not be.

Std-5: Then, we should build hydroelectric power plant.

Std-6: But hydroelectric power plant has a life time because of the soil fills it.
Mr. Demir : Ok. They all have both advantsand disadvantages. So, the
evaluation of them should be done carefullie(ds notes, weel3, p. 8384).

In the same wayrs. Ertanand the learners in her class also discussed the same
points. She realized that learners were very interested in necleayy and atomic
bombs, and their effect on people and environment. One of the learners asked
permission to make a presentation on World War Il (MW)Mhe atomic bomb, and

the Chernobyl accident. She allowed him to make the presentation lastingt@bout
minutes in the next week. The learner mentioned historical, political, and social
aspects of WAII atomic bomb, and gave some numbers about how many people
died and how long the effect of it lasted. Furthermore, about Chernobyl accident he
provided infemation about the places that were affected by the accident, the reason
of it, and finally he compared the Fukushima disaster occurred in Japan because of
Tsunami in 2011. At the end of the presentathrs. Ertanand learners made a

summary together.

In addition to discussions and comparisons, MithDemir and Mrs. Ertan

implemented an activity after teaching the topic. The activityfw@®so mi no Act i v i
for helping learners understand how fission reactions are different for atomic bomb

and nuclear r&ctors. After the fission and fusion reactions, they provided

information about how learners do the activity. First, they were supposed to build a
straight line of dominoes and then knock them down. During the process, they

measured the time necessarykoocking down all the dominoes used. Second, with

the same number of dominoes, they would build another shape shown below (Figure

17).
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Figure 16. The shape of the dominoes for representing fission in atomic bomb

They would knak down the dominoes and measured the time. Teachers asked them
to compare the times measured for both arrangements of dominoes. Learners did the
activity in groups of four or five learners. The time for straight line arrangement was
shorter than the otheAt the end of the activityMr. Demir asked which one is

atomic bomb and which one is nuclear reactor. They stated that the first one
represents nuclear reactor whereas the second one is atomic bomb. When asked in
the interview, he stated that the pumegs not to teach new knowledge rather

making the knowledge taught permanent.

It was to show that what chain reaction is and they can occur in different
ways. It was for those purposes. | had taught that they can occur in different
ways before so it wa®r making the knowledge more permanent. | believe
that now it is more permanenbterview, 2-3, p.3.

Mrs. Ertanstarted the activity by reminding the two uses of fission reactions to make
atomic bomb and to produce energy in reactors. After the atistnuabout how to do
the activity, learners did it. At the end, they talked about which one represented

atomic bomb and which one represents nuclear power plant.

Yet another feature of the instruction used in radioactivity was lack of algorithmic
calcdations. Although they spent much time on performing exercises and making
students perform them in electrochemistry, in the radioactivity topic, that time was

spent for questioning and discussions related to the topic.

Second, n this type of instructiorrepresentations at different levels were applied
commonly. In terms of the number, more representations were used in the

radioactivity than that of in electrochemisthy radioactivity, the representations
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employed were generally symbolic representatiohall nuclear reactions

mentioned, swmicroscopic representations of fission and fusion reactions with
colorful circles showing neutrons and protons, and pictures of a nuclear power plant
built near to river, control rods used in nuclear reactorsep keutrons produced

during fission reactions. Moreover, they used some of the representations during the

guestioning and discussion.

Ton + 235510 ——> [Z%52U] (unstable)
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Figure 17. Representation at symbolic and satbmic levels used to show fission

reaction

For instanceMr. Demirs howed t he chain r emiagdsdogicn s S VY I
representations to ask how the energy released during fission reaction can be

controlled in nuclear power plants. They talked on the representations showing the
reactants angdroducts of the fission reaction (Figur6). Although he utilized

representations to make the topic more concrete in electrochemistry, he used
representations to make discussions on them as well as to make the topic more

concrete in radioactivity (Figurks).
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Regarding to representatiomdt. Demir and Mrs. Ertadid not use any analogy in

teaching radioactivity.

In radioactivity, comparisons of concepts verbally and/or with help of a comparison
table was employed and this helped learners distingioesh. Comparison of

chemical and nuclear reactions and stressing the differences were done at the
beginning of the Radioactivitydrs. Ertan,compared and contrasted them in terms

of energy released during the reactions, the nature of the products pratieced
effect of temperature and pressure on
and nuclear reaction&igeld Note, p. 73) Similarly, Mr. Demiralso compared and

contrasted them. When asked the reason of the comparison:

t

To hinder studentsfrome | at i ng chemical and nucl

quite different from each other. Sometimes they think that if pressure
changes, nuclear reaction will change too. In chemical reactions they know
that pressure affects on reaction. Here, they havedar@nto think in a

similar way(Interview, 2-1, p.J).

Summary tables were also used to show quarks and their properties (symbol, flavor,

charge, etc.)Table13), and the types of decays, their penetrating effect, and energy.

Table 13. Summary table used by teachers for properties of quarks

Quark Symbol Flavor Charge Mass (MeV)
Up u l,=+1/2 +2/3 1.5t04.0
Down d I,=-1/2 -1/3 4108
Strange S S=-1 -1/3 80 to 130
Charm c C=1 +2/3 1150 to 1350
Bottom b Bo=l -1/3 4100 b 4400
Top t T=1 +2/3 171400N 2 1 O

They also underlined the similarities and differences between the fission and fusion

reactions. Moreover, fission reactions used to make atomic bomb and used to

h

€ c
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produce energy in nuclear power plants were also comh@aue contrasted by both

teacherwverbally.

Like in electrochemistry, botteaches mentioned the dailljfe use of radioactivity
after teaching the topic. The use of radioactivity regarding-tayXn medicine, food
irradiation, external radiation thegwy, radiocarbon dating in archeology, and nuclear

power plants were mentioned.

Gamma Rays given off by the radioactive isotop&@b are directed at the
tumors because Gamma Rays can penetrate into the deepest cells in the body
and kill them by breakig covalent bonds in proteins and DNA, carefully
controlled and focused doses of gamma radiation can destroy cancer cells
(Mrs. Ertan, Field notes, p. 92)

It is [food irradiation] used in order to destroy the bacteria existing in food.
So, shelflife is increased for food. The dose of radiation exposed to food is
low for preventing the damage on peofr. Demir , Field note, p. 88)

4.2.3. Knowledge ofCurriculum

Related to knowledge of curriculum use, two categories were formed, namely
finetwork oftopic®d  a limited fAietwork of topics. The characteristi

groups were given in the following part.

fNetwork of topic8 refers to the wuse of curriculu
to the other topics taught in previous gradest{cal relations), topics taught earlier

in the same grade (horizontal relations), and topics taught in other courses (e.g.
physics). The purposes of forming networks were to make learners remember the
previous topics learned, to help them relate new and previcess and to make

them to look over the previous topic. Thertical relations were achieved through
mentioning the previous topic, asking questions that help learners to understand the
relation, and stating that they already learnt it and need to go thitoegecially at

the beginning of the instruction and/or activity. Horizontal relations to previous

topics in the same grade were realized to make learning the new topic easier.
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Teachers taught the new topic by using the previous one as a base foistdguenb

one.

In addition to links to prior topics, teachers having network of topics curriculum
knowledge, criticized the sequence of the-saiics andhlteredthe sequence of

them in order to eliminate | earnerso6 dif i

Finally, teachers were aware of the purposes and goals stated in the national
curriculum and taught the topic as indicated in the program. They paid attention to
follow all warnings and limitations related to what extent the topic should be taught.

In this type of curricular knowledge use, teachers made some links to topics taught in
previous gradeverticalrelation), and to the topics taught in physics. However, the
amount of connection between topics was quite limited when it is compared to those
mack in the previous category. Furthermore, the explanation provided during relating
the topics were also highly superficial in this type of curriculum use. In contrast to

first category, no horizontal relation to the topics previously taught in the sange grad
was observed. Additionally, although teachers made some changes in the sequence of
subtopics in the previous category, no critic on the sequence was observed here.
Finally, teachers paid attention to goals and objectives, and reflected the limitations
and suggestions given in the curriculum. Tableshows the summary of both use of

knowledge of curriculum



Table 14. Useof knowledge of curriculum for teaching

Topic | The way of using curricular Purpose How When LABEL
knowledge
to make learners remember| Mentioning the related
Verticalrelation | the topics learned, previous topic At the beginning of
to topics taught in| to help them relate new and| Asking questions that the instruction and/o
Relatingto previous grades | previous topics, and help learners to get the | activity
other topics to warn them to look over th| relation
previous topic that il be Stating that they already
used now learnt it and need to go
through it
> Horizontal to make learning the ney Explaining the eventy During teaching
14 relation to topics | part easier occurring in the new pal
'J) taught earlier in by the use of informatiol NETWORK
= this year provided in the previou of
L units  didactically  on TOPICS
O examples
P_: Relating to | Relation to To help them remember th Asking questions that During the activity
8 other physics knowledge learned help learners to get the | At the beginning of
i disciplines relation the topic
To explain a partwhich
creates @onflict Explaining the confusing
point
Altering the curriculum To sol ve | e a]Changing the sequence | After realizing the
in the latter topic due to th the and starting with thil ear ner s 0
requirement use of sonj latter one
parts in the latter durin
teaching the former one

veET



Table 14 (continued)

Paying attention to the objectives an(
the specific warnings stated in the

To teach the topic 4
indicated in the nationg

Obeying the all warning
provided and

During teaching
Before teaching,

in physics to usein
radioactivity

RADIOACTIVITY

Altering the curriculum

curriculum

Paying attention to the objectives an(
the specific warnings stated in the

To teaxh the topic ag
indicated in the nationg
curriculum

Obeying the all warning;
provided,
Checking the objective

all the time

During teaching
Before teaching,
during planning

curriculum curriculum Checking the objective| during planning
all the time

The way of using curricular Purpose How When LABEL
knowledge

Vertical relation | To make learners Relating previous topic | During teaching

to topics taught in| remember the topics thi and giving some

previous grades | they learned and explanations
Relating to other LIMITED
topics Relation to To help them remembg Mentioning the related | At the beginning of | NETWORK

physics topics the knowledge learne| part the topic of TOPICS

GET
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Table 15. Types of curriculum knowledge use bjr. Demir and Mrs. Ertann

electrochemistry and radioactivity

Participants Electrochemistry Radioactivity
Both Mr. Demir and Network of topics Limited network of
Mrs. Ertan topics
I n 1ight of the data col | ectwaslcategbreaeml.c her s«

Botht e a c ¢uriculsind knowledge use in electrochemistry was placedo
Net work of topicso category whereas it wi
category for teaching radioactivity (TalB). Below, both categories were

elaboated with the examples from bgtharticipans 6 appl i cati ons.
4.2.3.1.The network of Topics in TeachingElectrochemistry

Analysis of the data showed thdt. Demir and Mrs. Ertanonnected

electrochemistry to the topics taught in previous years (@gstgf reactions, how to
assign oxidation number, etc.), to topics taught earlier in the academic year (e.g.
spontaneity of chemical reactions, chemical equilibrium, spectator ions etc.), and to
topics taught in physics (e.g. electricity). It was obvidwa teachers used

knowledge previously taught in chemistry and in physics.
4.2.3.11. Vertical Relations
First, at the beginning of the topldrs. Ertanasked:

If we turn backto®gr adeéYou | earned redox react
What did ya learn?AField notes, p.)

She took |l earnersé6é ideas. After taking t|
more about redox reactions and cells. When asked the reason of relating the topics in

chemistry curriculum vertically, she stated:
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First ofall, it helps learners to remember. Moreover, the links to the related
topics help learners tos¢he how they are interrelatddterview, 1-1, p.1)

In addition to helping learners, another purpose of using curricular relations was to
warn learners aut their shortcomings in previous topics. For instance, to be able to
learn electrochemical cells, learners are supposed to know redox reactions, and
oxidizing and reducing agerlr. Demir mentioned that redox reactions were taught
in 9" gradechemistry However, his observations noticed him that learners could not
remember them well. Therefore, he stated that they already learned tHEm in 9
grade and warned them about the difficulty that they would face with in learning

electrochemical cells.
4.23.1.2. Horizontal Relations

Second, they made links to the previous topics fhgrade chemistry curriculum as
well. For instance, during Nernst Equation used for calculation of cell potentials for
nonstandard conditions, boflarticipantsaassociatedte t opi ¢ wi t h Le
Principle in chemical equilibrium. The part provided below was taken fosn

Etarbs cl ass observed:
She wrote the reaction between Zn andGon:

Zn (s)+ Ci’(ag) ———  ZA(aq) + Cu (s)
Then,Mrs. Ertanasked:

When | thought the cell reaction as equilibriuraphcan | write the
equilibrium constant, K?

They bgether wrote the constant:
K=[zn*’/[Cu*]
They talked about the changes made on the equilibrium and the cell potential. One of

students said that they should increase the concentration'dfd@(Field note, p.

Ch
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45). During the interview, she stated that the link of chemical equilibrium to cell
potential for norstandard conditions would make learning the new knowledge
easier:

If the cells at norstandard conditions are taught by the use of Chemical

Equilibrium, it is so simple to understand. If not, students try to memorize

everything about it. Because they already know equilibrium, they do not have
difficulty in understanding theells at norstandard conditiong§interview -

1,5, p.45).

4.2.3.1.3. Relation tdther Disciplines

Participants alsmterconnecte@lectrochemistry to thehysics topics taught. For

i nstance, during the cal cul dstthecenwsre i n Far
electrolytic cells connected in series. The question was: 0.05 F electricity is passed
through solutions of AgN@and CuSQarranged in series. How many grams of

metallic silver and copper apgoduced in the system? Mr. Derdiew the sysm

on the board (Figur&8).

AgNO; Cul0;

Figure 18. Electrolytic cells connected in series

Mr. Demir : What are the properties of series circuits? Remember from
Physics class. The same amount of current goes through the circuit, right?
Therdore, if the 0.06 moles of electron passes through the first container,
how many moles of electrons would pass through the second one? It would
be the same.
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Std-1: What about parallel arrangements?

Mr. Demir : In those systems, the voltage is constamd, tite same; however,
the current is not. It changes. In serial arrangements, on nitrauigg the
current is the sam@ield note, week7, p.6J).

He also mentioned the circuits connected in parallel and series during the teacher
demonstration in electohemical cdb in the same way he did abojreeld notes,
week-6, p.49)

Another example of mentioning physics topic was observed during electrochemical
cells. In Physics, students learned that the electricity flows from (+) terminal to (
one. In chemisy, howeverMr. Demir stated that electrons flow from anode signed

(-) to cathode signed (+). So learners asked the direction of the flow:

Here, we are talking about the electron flow not about current flow. Before
the discovery of electron flow, eanbhysicists described it from (+) te)(
Later it was realized that it is not the case for electron (feeld notes,
week4, p. 34)

To sum up, he used Physics knowledge to explain a part creating conflict between

chemistry and physics.

4.2.3.14. Altering the Curriculum

In addition to connections to the topics in chemistry and physics high school

curriculum,Mr. Demir and Mrs. Ertansed their curriculum knowledge to make

change the sequence of thegopics in Electrochemistry. For instanddy,. Demir
decided to teach fAoxidation number o firsi
later in contrast to curriculum. The reason of the change in the sequence was asked in

the interview 12.

The reason is | ear ner s Oidaton humbes.uNet y i n
assume that they had already known the oxidation numbers and mention them
after competition for electron part. However, because | realized that students
have big problems related to assigning oxidation number, so, | decided to
teach itfirst. After they learn it completely, | continued with competition for
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electrons. There was no problem in the flow of the lesson because of the
decision that | took. Actually, it helped me so there is no regret to make it

changgp.1).

Similarly, both paticipantsalteredt he sequence of ACalcul ati
part after teaching the electrolytic cell rather than teaching at the beginning as

suggested in the curriculum. They both stated that it does not make sense to teach it
before teaching ceallbecause they would eventually teach cells. Therefore, teaching

the cells first and then preceding with 1

more sense to them.

4.2.3.1.5. Goals and Purposes, afthowledge of theProgram

Finally, Mr. Demir andMrs. Ertanwere knowledgeable about the chemistry

curriculum. Moreover, they also paid attention to the objectives and the specific
warnings stated in it. In the national high school chemistry curriculum, objectives

and restrictions regarding amount of ladedge provided to learners are offered to

all chemistry teachers. Participants were aware of all the objectives and suggestions
about the limitations mentioned in the program. For instance, it was suggested to use
of reduction potentials to determine arahd cathode in an electrochemical cell or

to predict whether a reaction occurs between two species. They were aware of it
before teaching. Therefore, they both always used reduction potentials in his teaching

and exercises.

Another example was providirdaily life examples regarding to cells.
Learners should be able to give examples of electrochemica(dBIE,
2011, Objective 3.2, p. 65)

Both teachers provided examples of cells used in daily life (battery used in watch and
remote control, and céattery), photos of them on the PowerPoint slayts, and some

knowledge related to cell ingredierfiseld notes)
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4.2.3.2 Limited Network of Topics inTeaching Radioactivity

In RadioactivityMr. Demirand Mrs.Ertams cur ri cul um knowl edge
with limited network of topicéTable14). Results revealed that there were not as
manyverticaland horizontal connections to other chemistry topics as were in
ElectrochemistryMr. Demirformed links between Radioactivitom and its

Structure, and Radactivity-Electromagnetic Radiation taught in chemistry in

previous yeardvirs. Ertanrelated the topic only to Atom and its Structure topic.

Moreover, both of them were aware of the objectives and limitations stated for

shaping the instruction of Radioaaty in the curriculum.

4.2.3.2.1. Vertical Relations

First, bothMr. Demir and Mrs. Ertathe started introduction of the Radioactivity
with atom, its structure, and sa@bmponents. They picked and atom (e.g. Carbon
12) and made students remember atammber, mass number, nucleon, and how to

represent of all thergFigure 19) Mr. Demir mentioned all of them on-C2:

Mass mumber
(# of p and n)

12
C
Atomic number

(# of p)

Figure 19. Atom, its structure, and stdbmponents

Anotherverticallink was identified when learnerska&sl whether they are able to see
the radioactive decays of uranium or ridt. Demir needed to talk about the
6El ectromagnetic "Bacdidetion®d® Thauht uich ut @

in chemistry.
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Can you see radio waves or other waves? Hneyot visible. We mentioned
that when we were talking about electromagnetic radiation. Please remember
it from last year. You cannot see théRield Notes, Week3, p.88)

When we talked about it, he said:

Although they learned it, sometimes it happefhey always try to make it
more concrete. In the structure of the Atom topic, they learned that the only
part that can be seen is visible part in the spectrum. They also learned that
although we cannot see the other parts of the spectrum, they exisis In
case, he could not make the relation between thos@rntesview, 2-3, p.2)

4.2.3.2.2. Horizontal Relations

In addition toverticallinks to topics taught in previous years, analysis was done to
check whether they made relations between radiogctind previous topics taught

in the 11" grade. However, no link was detected.
4.2.3.2.3. Relation t@ther Disciplines

Al'ink made to Physics curriculum was o0bs:¢
topic. At the begi mrrdeitmhglpleafnerdrénzemberctheF or c e s «
knowledge learned in physidglr. Demirjust stated that they learned it Physicsh 9

grade. However, no details were given regarding to how learners simuildd

topics. Similarly, Mrs. Ertamade a link to Physiaduring teaching types of

radioactive decay. She stated that they learned them in physics without any

explanation.

Second, in terms of debating the sequence offered in the curriculum and making
changes on it, no example was detected (ThB)le In contrat to Electrochemistry,

sequence of the topics was followed in Radioactivity.
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4.2.3.2.4 Altering the Curriculum

No example oflteringthe sequence of stdarts in radioactivity was observed.

4.2.3.2.5. Goals and Purposes, aftnowledge of theProgram

Finally, regarding to being aware of the goals and objectives stated in the curriculum,
similar to Electrochemistry, they were waiformed about them. Before they started

to Radioactivity, they read objectives carefully and focused on the linmsatio
mentioned in the curriculum document. For instance, there was an objective in the

curriculum:

Students should be able to discuss nuclear energy in teams of social,
economi c, an @bjectiver25ypo7T,MMB, 204) (

During teaching the topiavhenever suitable, they discussed the nuclear energy

regarding to different aspects mentioned in the curriculum such as economy or
environment. During the discussion, they
nuclear energy. They provided scientificdwledge to them and stressed that it was

an issue which should be taught from different perspectitiekl§ notes)

(Discussion was provided under Instructional strategy part of the result chapter).

Another example was observed in the writing equationgdiclear reactions. In the

curriculum it was stated:

The real examples are used in the calculations of atomic and mass numbers
during nuclear changes and hypothetical examples of nuclear changes are not
used in assessmgNME, 2011, explanation for obective 2-1, p.77)

Therefore, both of the participantsedsreal examples of nuclear reactions when
teaching o, b and U rays, and fission ani
explanation provided in the curriculum was to prevent teachers from writing unreal
equations to represent nuclear changes while tegchdioactivity. Moreover, some

teachers wrote equations by the use of X, Y and Z to represent elements in the
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nuclear reactions rather than real radioactive elements such as U, Po, itid Th.
Demir and Mrs. Ertansed real nuclear elements during teaghiadioactivity and in
the test to assess studentsd | earning. T

and suggestions provided in the curriculum.

4.2.4. Knowledge ot_earner

The third PCK component focused on was the knowledge of learner. Results
indicated that twdypes of knowledge of learner n a nsatisfactory Khowledge of

learnerd  a deficierit knowledge of learner wer e | abel ed. I n th
characteristics of both types of knowledge of learner were preséhtdde B).
Thenpartici pantsé knowledge of | earner anc
summarized. Knowledge of learner component was examined under three sub

components t hat ar e | ear ner s 0-reqdisité f i c ul

knowledge to learn the tap

ASati sfactory kmeferstb thedawaeneasd of diffecudtiesn e r 0
misconceptions, and prequisite knowledge that learners should have before

learning the new topi€Table B). Teachers in this category were conscious about the
difficulti es to eliminate them. Teachers sometimes used knowledge of learner before
the difficulty occurred by alarming learners that previous learners had difficulty
related to a particular point. Also, they used it after difficulty was observed by re
explaining tke point creating the difficulty. In terms of misconceptions, teachers were
aware of some of them. To address the misconceptions, they acted after they realized
that learners had the misconceptions. When they noticed that learners had
misconception, they prided the correct explanation and asked questions to create
dissatisfaction with the misconception. Regarding terpaiisite knowledge,

teachers actively used this knowledge to make the learning of the new topic easy
during teaching and to make learnesmember the preequisite knowledge at the
beginning of the topic. The methods of integrating therpgaiisite knowledge were

teaching the new topic through the use of previous orteaghing the preequisite
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knowledge when learners could not remembad mentioning the old one

superficially.

Anot her type of knowl e defjaent&nowlddgeafr ner s i d
learnero (Table T7). In this type, teachers were partially aware of difficulties and
misconceptions that learners may have, anghteeequisite knowledge. In contrast

to the former category of knowledge of learner, it was not comprehensive. Moreover,
they sometimes missed | earnersoé difficul:
difference between the two categories was the quality otledge of learner that

they have. Teachers used more or less the same strategies to eliminate difficulties

and misconceptions. For instance, they provided the correct explanation and taking

|l earnersd attention t o t heengheyrenlizeddhatf or e
|l earners had difficulty, to assist | earni
learner solve the difficulty. Regarding to pejuisite knowledge, they only

mentioned the preequisite knowledge, which far less that they idi the former

category.



Table 16. Knowledgeof learner for teachindifferent topics

Topic | Sub-components| Awareness Purpose of use Time The way of Label
using/handling

To eliminate the Before and after | Alarming

possibility of occurring | difficulty and

the difficulty observed in | observed re-explaining the

Difficulties Complete | previous learners and to confusing point
awareness (assi st | ear

understanding

To eliminate the Before Providing explanations

possibility of occurring | and supported by the use of
E the difficulty after difficulty additional strategies/
[ To provide explanation | observed materials (e.g. summary
g and to assi card, purposeful SATISFACTORY
w understanding postpone of using the | KNOWLEDGE
5 confusing parts, of LEARNER
e} analogy, and
,D_: representation
8 Misconceptions | Partial To eliminate the After Providing the correct
— awareness | misconception misconception explanation
w . :

observed Asking questions to
create dissatisfaion
with the misconception
Pre-requisite Complete to make the learning of | At the beginning | Teaching the new one
knowledge awareness | the new topic easy and | of the topic through the use of

to make them remember previous oe and

the prerequisite mentioning the old one

knowledge

vt



Table 16 (continued)

Topic | Sub-components | Awareness | Purpose of use Time The way of Label
using/handling
To eliminate the At the beginning | Providing the correct
Difficulty Partial possibility of occurring | of the topic explanation and taking
awareness | the difficulty observed in | (before teaching) || ear ner s & 8
previous learners point
ﬁ To assi st | |Duringteaching | Providing he correct
S understanding the topic explanation and DEFICIENT
[ Using questioning KNOWLEDGE
< technique to help learng of LEARNER
o find the answer
9,: Misconception Partial To eliminate the During teaching | Providing the correct
o awareness | misconception the topic explanation
Pre-requisite Partial to make them remember| At the beginning | Just mentioning the old
knowledge awarenes the prerequisite of the topic one
knowledge

VT
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Table 17. Types of knowledge of learner used in electrochemistry and radioactivity

Participants Electrochemistry Radioactivity

Both Mr. Demir and fsatisfact ndeficient

Mrs. Ertan

Both participanté knowl edge of |l earner use in

was presented in the following part.

4.2.4.1 Satisfactory Knowledge of Learner in Teachingzlectrochemistry

Both Mr. Demir and Mrs. Ertahad satisfactory knowledge of learner in teaching
electrochemistry. Knowledge of learneaspresented in three parts, namely,

difficulties, misconceptions, and prequisite knowledge.

4.2.4.1.1Difficul ties

When asked in the CoRkinterview before they started to teach Electrochemistry,
both teachers stated possible difficulties that learners faced with in the topic. For
instance Mr. Demir specified that learners generally have difficulties in balancin
redox reactions due to the obligation of following plenty of rules. Additionally, they
had difficulty in understanding the reason why scientists needed to define and use a
reference electrod®irs. Ertanindicated that learners find it hard to learn $ign of

anode and cathode in electrochemical cells and electrolytic CalRel1, p. 2. All

of the difficulties identified by them during the CoRenterview were observed in

the class. Furthermore, they were conscious about the possible reasons of the
difficulties. For example, learners were taught in physics that electricity flow is from
(+) to () electrodes. When they start to learn that electron flow is from arptte (
cathode (+) in electrochemistry, they have difficulty to understand and staskt

question.
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As Tablel6 shows Mr. Demir and Mrs. Ertabasically used two tactics to deal with
difficulties which learners may have and/or they had. The first one was alarming and
re-explaining the confusing part, and the second one weasplanaton supported by
additional strategies/ materials. First, they usually warned learners about the specific
points at which their previous learners experienced challenge. To eliminate the
possibility of occurring them in this year, they cautioned learnebg twareful about

the point specified and provided explanations. For instaficeDemir realized that
learners had difficulty in discrimination of charge and oxidation number. So, with
help of his prior experience, he warned learners about the point wfhiehlearners

had problem.

Some learners summed oxidation numbers when thégulate the charge of

compound:

In CaC} example, the oxidation number of Ca is (2+) and of Cl is @ut

the total charges come from Ca is (2+) and from Cl ¥ (e tothe
multiplication of the oxidation number by the number of Cl in the substance
(Field notes, p.6, Weekl).

Before some learners had a problem related to the point, he had warned them to be

careful about it and provided the necessary explanation.

In addition to alarming learners about the possible difficulties, they also used
providing explanations when the difficulty was detected in the class. For example,
after teaching how to determine anode and cathode in electrochemicaMsslls,
Ertannoticed tlat some learners had difficulty in understanding it. Then, she needed
to restated how to determine anode and cathode in electrochemical cells and again

warned them to be careful about the half cell potentials giwetd(notes, p.3%

Second, they alsased some methods and materials to handle with the difficulties
(Table16). Some of them were utilized before the difficulty observed this year. Due
to their experience with previous learners, they know that learners had difficulties in

following the ruks stated in both oxidation number and dnefction methods in
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order to balance redox reactions. Therefore, to eliminate the possibility of occurring

it, they had prepared a card summarizing the all steps of oxidation number method on
one side and the ge of half reaction method on the other side. They distributed the
cards to learners and asked them to use the card to get used to following the sequence
of steps Field note).

Similar to preparation of summary cardslr. Demir also tried to eliminate
possibility of another difficulty through postponing the confusing parts purposefully.

He knew that learners had difficulty in learning the signs of anode and cathode in
electrochemical and electrolytic cells. Learners have difficulty because although the
events occurring in the anode and cathode do not change, the signs of anode and
cathode do change. Thus it causes a difficulty in learning them. In light of the
previous experience, he purposefully postponed the use of the signs of anode and
cathode when haas teaching the electrochemical cell. Then, when he started to
teach the electrolytic cells, he focused on the signs, and compared and contrasted all

properties that both cell types have.

Contrary to two examples provided above, they also tried to @awdh the
difficulties after they were observed in the class (TdbleFor exampleMrs. Ertan
observed that learners had difficulty in identification of the reduced and oxidized
species in the reaction. After diagnosing th#iadilty, she used a represtation
shownin figure 19

Mn:+7 —s +4 (reduced)

C:+3 —» +4 (oxidized)
(Field note, p.15)

Representation of oxidized and reduced species

In this representation, she explained that the charge of Mn ion changed from (+7) to
(+4). She added that Mn received electron so it is a reducémtion. Then, the ¥

ion gave an electron so it was oxidized. With help of the simple representation and
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talk about the changes in the charge regarding to electron receiving and giving, she
could teach how to determine oxidized and reduced speciesaSmafiresentation

was used bir. Demirfor FeZn example.

Finally, they used analogies to overcome the difficulties both before and/or after they
occurred. As mentioned above, it was complicated for learners to follow the rules in
balancing redox reacms. Although they took precaution to get over it through the
use of the summary card at the beginning of the topic, some learners were still
complaining about them. Thereforgy. Demir used an analogy through which he
related the rules followed in balang redox reactions to the address description for
finding a place that you have not been before. He said that when people try to find a
place where they do not know, at first, they follow the exact instruction provided.
After sometime, when they learn tipéace, they may develop new strategies. He
forced them to follow the rules. He suggested that when they learned the rules, they

might find short ways to balance them.

4.2.4.1.2 Misconceptions

The participantsd®d knowl e dmstywasfnotasigesodonc e p

as their knowledge of | earnersdé difficul

stated by them in the CoRe interview conducted before they teach the topic. During
teachingMr. Demirrealized some of the misconceptions and ndissene others.

For instance, wheNlr. Demirwas talking on the AFe cell, and telling the events
occurring at anode and cathode, one of the learners stated that Aluminum electrode
was melting. Some of the learners confuse melting with ionizing. Althdugltrue

for salts including ions (e.g. NacCl), it is not true for ionization in aqueous solutions.

Mr. Demirdid not realize i{Field notes, p.44)

Similarly, Mrs. Ertanmissed some of the misconceptions. For instance, during

teaching the electrochemlazells, she drew a S$&g cell on the board. One of the

1

students asked: fiwhi ch container i ncl ude:

products?0 Most probably, the | earner

t h
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separate container§lrs. Ertansaid that St ion is reduced in anode and Ag is

oxidized in cathode. When asked in the intervibias. Ertansaid:

She [the student] could not understand that half reactions occur in different
containers. Indeed, shelnterdewlldi,pnot und:¢
4).

Although Mr. Demir and Mrs. Ertancould not state any specific misconception
during CoRel interview, they realized some of the misconceptions that learners had
during teaching. When they noticed them, they almost always provided the scientific
knowledge (Tablel6). For example, they were studying on electrochemical cells
through performing exerciselir. Demir read the question and drew the cell figure
on the board (Figur0)

1 2
Figure 20. Drawing of electrochemical cellafuding X and Y electrodes and their

solutions

Std: The first one is anode, right?
Mr. Demir : No, it is not. There is no rule like that. It is only in the writing
the [shorthand] cell notationKield notes, weeks, p. 44)

The misconception detecteddareported by Sanger and Greenbowe (#P@/as that

many learners think that the first half cell is always anode and the other is the
cathode. The same misconception was observéttsnErta® s c|l ass as wel
asked in the interviewlr. Demir statedthat he detected it in previous years as well.

He thought t hat | earners had it because
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therefore, they think that oxidation is first so is anode. Moreover, he stated that they
probably faced with many questionsvitnich anode is the first containdnterview,

1-5, p. 4. The same event was observed/irs. Erta® s ¢ | a s sMr.D8mimi | ar
she also stated that anode does not have to be on tl{€iéddt note, p.33) She

warned learners not to focus on the pbgbkplacement of electrodes.

A similar example was seen in the electrochemical cell partagttive initial part of

the topicandMr. Demirwas teaching what anode and cathode is, and what happens
at anode and cathode electrod8siddenly, one saidAnode should be positive
because it loses electromdr. Demir stated:

We do not decide where oxidation and reduction océwosigh looking at
the signs ofhe electrode@ield Notes, weekd, p.35)

This misconception was also stated in the literabyr8anger and Greenbowe
(19979).

In addition to providing the correct explanation to learners, they also tried to
eliminate them through asking questions to learners, which makes them think on the
point and creates dissatisfaction with their concepficable 16). An instance was
observed wheiMr. Demir was demonstrating the redox reactions occurring between
Zn solid and CuS@solution. Most probably because they waited till next day to

observe what happened in the beaker, one of the learners stated:

Std: Redox reactions are slow ones, right?

Mr. Demir : What are the factors affecting the rate of reactions?
Stds:Temperature and concentrationé.
Mr. Demir : So, can we state that redox reactions are slow?

Std: No (Field note, weekl, p.2)

Although he did not provide any explanation here, the learner understood/what
Demir meant and did not pursue with his misconception. During the interview, he
stated that because they waited to see the changes, he had misconception about the

rate of redox eactions. He had used magnesium and put it into HCI earlier years,
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which was very fast on@nterview, 1-2, p.2) However,Mr. Demir did not use that
demonstration to eliminate the | earnersb

question.
4.2.41.3. Pre-requisite knowledge

Mr. DemirandMrs. Ertanforecast well about the prequisite knowledge that
learners would need in learning electrochemistry in the CoRe interview. They stated
that learners need to know chemical reactions, chemical calcigatividation

number, rate and heat of reactions, and chemical equilibrium.

As can be seen from taklé, they used their knowledge of prequisite knowledge

either to make the learning of new topic easy or to make learners remember the pre
requisite kowledge. For instance, at the beginning of teaching Nernst Equatien, sub
topic under electrochemical cells, both teachers preferred to teach it by using
Chemical equilibrium topic as a basement. Nernst Equation is used to calculate the
potential differene (E) of the cells that are at netandard conditions. Therefore,

changes in the conditions result in change in the standard potential difference of the
cell CE). Although the use of equation gives the value of tHdrEDemir focused

on the interpretaton t hat can be done by using Le

symbolic equation of the Z6u cell and told the basic points:
Zn (s)+ Ci*(aq) —>  ZA(aq) + Cu (s)

Mr. Demir. We start with 1 M of solutions. How can we werthe constant of

equilibrium?

Students stated;
K=[zZn*¥ / [Cu*]

Mr. Demir : At t=0, there is no equilibrium here. Through the time, the
concentration of Zifions increases whereas that of €ion decreases in the
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system. After some time, it reachteg equilibrium and then cell potential
will be zero. At equilibrium;

Ra-teforward reactiorm— Ra-tereverse reaction

K=Q and E=0V [Q is reaction quotient]

(Field Notes, weekb, p.44)

They also used their knowledge to make learners remember the previous topic taught
before. They mentioned the prequisite knowledge with one or two sentes)deor
instance, in electrolytic cells, they talked about the spectator ion, which does not
react with the species. It is necessary to know while determining which species

would be oxidized and reduced in the cElke{d note).

4.2.4.2 Deficient Knowledge ofL earner in Radioactivity

Although teachers had robust knowledge of learner in electrochemistry, they were
clearly weak in radioactivity topic. Knowledge of learner was summarized here

under the difficulties, misconceptions, and-pequisite knowlede.

4.2.4.2.1Difficulties

When asked in the CoReinterview before they started to teach radioactiwity,

Demir stated that the learners generally cannot visualize particles in their mind,
therefore, have difficulty in understanding the relatiossveen particles. He added

that he realized the same difficulty in teaching atom topic. He attributed the difficulty
to abstract nature of the topic. Second, he mentioned another difficulty caused by the
nature of the radioactivity topic. It is an algontlt-calculations free topic, which

makes it difficult for learners to learn because they get used to performing
algorithmiccalculations in other topics. Even without conceptual understanding,
learners can perform exercises due to the familiarity witlyibes of questions

(CoRe-2, p. 2) Mrs. Ertanstated that:
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Indeed, radioactivity is a simple topic. The points that they have

di fficultyeéeOh, they have difficulty i
radioactivity. This is the only one | guess. Theysmprobably think that

when there is specie on the left side of the reaction equation, they think that it

is natural one. However, when there is more thanspeeies, it is artificial

one (CoRe-2 interview, p. 2)

As Tablel6 shows, both teachers trigal handle with difficulties before and after

they emerged. First, to eliminate the possibility of emergence of the difficulty, they
took | earnersdé attention to the point th:
the important points. For instand®mth teachers knew that they would experience
difficulty in discriminating chemical and nuclear reactions. Therefore, at the

beginning of the topic, he stressed the differences between the two in terms of how
they occur, energy change, particles taking,retc.Mrs. Ertanstressed the

differences between chemical and nuclear reactions in terms of conservation of mass,
energy required and released, and conservation of number of proton, neutron and
electron Field note, p. 62) When asked the reason forstlm the interview, she

stated:

Till now they learned chemical reactions. But from now on they will learn
nuclear ones. They are really different from each other. Atoms and mass are
saved during chemical reactions but not in nuclear ones. To help them
uncerstandInterview, 2-1, p.1)

Contrary to their style in electrochemistry, they did not warn learners rather they
stressed the differences between the two here. However, taking precaution before it

occurs is the similarity observed in terms of time tiwgred in both topics.

Second, they tried to help learners to understand the points on which they had
difficulties, in other words, after the difficulty already arose. Contrary to their way of
handling difficulties in electrochemistry (e.g. providing Exyations supported by

the use summary card, analogy, and representation) (T&@bke handle with them,

they either directly provided the correct explanation or used questioning technique to
help learner handle it. For instan&dy,, Demirused questionig technique to help

learners in handling the difficulties that they faced with. One of the examples of it
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was observed when he taught artificial radioactivity and provided two examples of

artificial nuclear reactions achieved by Madam Curie and ErnebeRaoitd:

Rutherford: 7N +,"He __ | g0 +:'p

Curie: 1327A| + 24He—> 1530P +01n

Std: | cannot understand that how those are changed into new matter?
Mr. Demir : OK. Let me ask something to you. Wheny s&xygen atom,
how can | understand that it is oxygen?

Std: From its chemical properties.

Mr. Demir : Chemical properties... What is the basic point you focus on when
you say chemical properties?

Std: Atomic number.

Mr. Demir : What is atomic number?

Std: Number of protons.

Mr. Demir : If the number of protons changes in the reaction, it does in
nucl ear IFieldinotesi weeks g77)

Rather than providing the scientific explanation to the learner, he preferred to ask

guestions and tried to helghto get the point.
4.2.4.2.2. Misconceptions

Similar to their knowledge about Mrear ner :
DemirandMrs. Ertanwere partially aware of them in radioactivity. Only one

misconception was stated Mr. Demirin theCoRe2 interview before he started to

teach the topic. Moreover, he thought that learners generally have difficulties rather

than misconceptions in radioactivity. The misconception that learners may have was
that MARadioacti vity iscanceptiandvassohsdrvedd@urnnger o u s
the observation period. To eliminate the misconcepdmDemir provided

different use of nuclear reactions in medicine, energy, and age dating in archeology

through the topic.

In addition to that, it was observed otim@isconceptions by the observer. For

instance, students thought that alpha particle is Helium atom rather than Helium ion.
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During teachingvir. Demir was talking about alpha decay and a student,

simultaneously, said HeliunMr. Demir stressed:

Heliumwithout el ectr ons (Feldnotdsg p.70uwmeeREy nucl e

Moreover, the observer realized that they might have more misconceptiomdrthan
Demirexpected. An example was observed when they were talking about the nuclear
waste Mr. Demirasked why nuearwastes aréangerous. One of the learners stated

that they are poisonous. Becaile Demirdid not want him to explain his idea in

detail, it is better not to code it as a misconception, however, it might be. In the

l i teratur e, 0 d¢oofusedzvithrother enardnmantal hazardsj esy.
chemical pesticides and electric fields I
Colchough, 2007, p.63). Therefore, it can be said that he may confuse them with
chemical pesticideddr. Demir could not catclit so it is unknown what he meant by

Opoi sonous©o. Poisons are chemicals which
environment . It should have been focused
understood whether he had a misconception detected in thauliéeoatnot. As

mentioned above, because he thinks that learners generally have difficulties rather

than misconceptions in this topic, he might miss it.

Mrs. Ertandid not provide any misconception that learners may have in radioactivity
in CoRe2 interview. However, it was observed that learners had some. For instance,

she realized that learners thought:

AfFi ssion is natur al whereas fusion i s

She also realized one more:

fiBoth fission and fusion occur i n nucl

When she realized them, she gave the scientifically acceppanationField
notes, p. 87.
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The way of handling misconceptions was similar to their way in electrochemistry. In
both topics, they provided the scientific explanations. Although they asked
guestions to make learners dissatisfy with their idea in electrochemistry, they did not
do it in radioactivity (Tabld.6).

4.2.4.23. Pre-requisite Knowledge

Mr. DemirandMrs. Ertanwere partially aware of preequisite knowledge necessary

for learning radioactivity. They stated that they need atom and isotope knowledge to
understand the topic which does not necessitate much knowledge from other topics.
Although they could mention necessary other knowledge for learning
electrochemistry, they wetess knowledgeable in this part in radioactivitirs.
Ertanthought that learners only need to know atom as prerequisite knowledge during
CoRe2 interview.

Similar to their use of it in the first topic, they made learner remember the pre
requisite knowedge. For instanc®]r. Demir mentioned atom, nucleon, proton,
neutron, atomic and mass number, and showed them on Carbo(Fajane 21)

Mass mmmber
(# of p and n)

sC
s

Atomic mumber
(# of p)
(Field observation, weekl, p. 63)

Figure 21. Presentation of preequisite knowledgeetessary for learning

radioactivity

Similarly, he made learners remember what isotope means at the beginning of the

reason of instability of some nucl eus.
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(Field observation, week2, p.68) Because learners remeened them easily, he

did not have to reeach them.

Although they could have linked radioactivity to previous topics, they could relate it
to only atom and its properties. However, during the observations, it was observed
that in addition to those, la@rs need to know about radiation, electromagnetic

radiation, energy, ion, and ionization in order to learn radioactivity. For instance,

Std: Can we see them [Alpha particles] if we are close enough?

Mr. Demir. Can you see radio waves or othewes? Tiey are not visible.
We mentioned that when we were talking about eteoagnetic radiation.
Please remember it frontast year. You cannot see thé¢Rield notes, week
3, p. 88)

Although they learned electromagnetic spectrum fhgr@de, learners eigh could

not remember it or could not relate it with radioactivity.
4.2.5. Knowledge ofAssessment

The last component analyzed in this study was knowledge of assessment. Two types

of application of knowl edgeCobdrentassess men:H
assessmerit a nFdr afig me nt e d . Before prasanting the nigjor attributes of

the categories formed, necessary descriptions to be able to understand the categories

should be given here.

First, the formal assessment is a way of assessment aftertehatiers have a

document filled by learners, and project and/or a work done by learners. For
instance, quiz is a formal assessment that teacher has a quiz paper which shows to
what extent learners understand. On the contrary, informal assessment is done
without use of any document (e.g. quiz and exam paper) and/or any work that
learners have to do (e.g. questioning at the beginning of the topic and observing
learners while they are performing exercises, etc.) Second, diagnostic assessment is

used to identy the prior knowledge that learners have before starting to teach a new
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topic. Formative assessment is another type of assessment which is applied for taking
information about how much students learn and providing feedback to learners about
their level ofunderstanding. It is done through the learning process. Finally,
summative assessment is one to conduct at the end of the teaching to grade (Abell &
Volkmann, 2006)

The important characteristics of tbeherent assessmamére use of multiple

assessmeén strategies (e.g. informal guestion
performance, and wunit test), for differei
knowledge, to check how much learners learn, and to grade), and through teaching

the topic (e.g. at thedginning, during, and at the end of the topic). Although

purpose, time, method, and type of the assessment were various, the only domain
assessed was cognitive one. Among the cognitive domain, they only assessed content
knowledge. In other words, assessmenof | earner sd0 NOS wunders
process skills were not assessed. The questions asked in the quiz and unit test were
opentended and multiplehoice items. Both informal and formal assessment

strategies were employed throughout their instractio

Thefragmented assessmeamtluded limited types of assessment methods, namely,

i nformal questioning and unit test. I n ol
diagnostic and summative assessment results. However, the use of formative
assessmentas mi ssing. The purposes of the ass
knowledge and to grade them. Eliciting prior knowledge was done informally

whereas the grading was done formally. In these assessments, both roltipée

and operended questiwere used. To sum up, in fragmented assessment, teachers

did not use assessment continuously through teaching the topic. Therefore, the

methods, purposes, and types of assessment used were quite limited.

Table18 shows the summary of both types of asseent.



Table 18. Knowledge ofassessment for teaching electrochemistry and radioactivity

ELECTROCHEMISTRY

Method of Purpose of Type of The way of | What is Types of Time of the LABEL
assessment | the assessment assess assessed | questions used | assessment

assessment
Informal Eliciting Diagnostic | Informally | (Prior) Openended At the
questioning l earner knowledge: beginning of

knowledge Cognitive the topic
Quiz (twice) | Tochecklow | Formative | Formally Content Openended During the

much learners Coghnitive topic; before

learn from moving

to next step

Observing To check how | Formative | Informally | Content Openerded After COHERENT
learners much learners cognitive providing the | ASSESSMENT
performing learn content
exercises
Homework To check how | Formative | Formally Content Openended and During the

much learners cognitive | multiple-choice | topic; before

learn items from moving

to next step
Unit test To grade them| Summative | Formally Content Openended and At the end of
Cognitive | multiple-choice | the topic

items

29T



Table 18 (continued)

RADIOACTIVITY

Method of Purpose of Type of The way of | What is Types of Time of the LABEL
assessment | the assessmeni assess assessed | questions ised | assessment

assessment
Informal Eliciting Diagnostic | Informally | (Prior) Openended At the
questioning (| ear ner knowledge: beginning of | FRAGMENTED

knowledge Cognitive the topic ASSESSMENT
Unit test To grade them| Summative | Formally Content Multiple-choice | At the end of

cognitive items the topic

€97












































































































































































































































































































