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ABSTRACT

THE NATURE OF INTERPLAY AMONG COMPONENTS OF
PEDAGOGICAL CONTENT KNOWLEDGE IN REACTION RATE AND
CHEMICAL EQUILIBRIUM TOPICS OF NOVICE AND EXPERIENC ED

CHEMISTRY TEACHERS

Akin, Fatma Nur
Ph.D., Department of Mathematics and Science Edurcat

Supervisor: Prof. Dr. Esen Uzuntiryaki Kondakgl

January 2017, 223 pages

In this qualitative multiple-case design study, xamined the interactions
among pedagogical content knowledge (PCK) compgneoit novice and
experienced chemistry teachers in teaching reacti®r and chemical equilibrium
topics. For this aim, three chemistry teachers Wwhd different levels of teaching
experience in chemistry teaching were selectedutiiroa process of purposeful
sampling. Data were collected through card-sortimgk, Content Representation
(CoRe) tool, semi-structured interviews, observatd instructions, and field notes.
Data were analyzed through three approaches: ithdmpalysis of explicit PCK,
enumerative approach, and constant comparative atiethResults revealed nine
salient features of the interplay of the PCK congis: a) The novice teacher’s
orientations towards science, in contrast to thpeagnced teachers, were much
broad and non-specific, which impeded the connest@mong the components, b)
The integration of the PCK components was idiosyticrand topic specific, ¢) The

novice teacher's PCK maps were fragmented whileettperienced teachers’ PCK
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maps were integrated, d) Knowledge of learner, kadge of curriculum and
knowledge of instructional strategies were centmathe interplays of all teacher
maps, €) The novice and experienced teachers yesplalifferent levels of
complexity in their interactions among PCK compdserf) The experienced
teachers had much more two-way interactions amddl Pomponents than the
novice teacher, g) The experienced teachers were suxcessful than the novice
teacher in translating their knowledge into praeiit terms of the integration among
PCK components, h) Teacher self-efficacy appeaveplay a role in their use of
PCK components and constructing interactions amitegn, and i) All teachers
taught the same topics with similar lesson pland seme instructional materials;
however, they differed in terms of how effectivéhtgy connect the PCK components.
Implications for teacher education and suggestionscience education research are

presented.

Keywords: Pedagogical Content Knowledge, Interpd@yong PCK Components,
Novice Teachers, Experienced Teachers, MultipleeGaady
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Oz

DENEYIML i VE DENEYIMSizZ KIMYA O GRETMENLER iNiN
REAKSIYON HIZI VE K IMYASAL DENGE KONULARINDA PEDAGOJ iK
ALAN BiLGIiSi BILESENLERI ARASINDAK I ETKIiLESIMIN DOGASI

Akin, Fatma Nur
Doktora, Matematik ve Fen AlanlargiEmi Bolim

Tez Yoneticisi: Prof. Dr. Esen Uzuntiryaki Kondakgcl

January 2017, 223 Sayfa

Bu coklu durum cagmasinin amaci, farklh ggetmenlik deneyimine sahip
kimya @&retmenlerinin reaksiyon hizi ve kimyasal dengedsiitde sahip olduklari
pedagojik alan bilgisi (PAB) bikenleri arasindaki etkiggmi incelemektir. Bu
amagla, farkh gretmenlik deneyimine sahip ¢ kimyg&rétmeni amacl orneklem
yontemi ile secilmitir. Veriler, kart-gruplama aktivitesi, icerik g@&stmi, yari-
yapilandiriimg goérismeler, sinif gozlemleri ve gdzlem notlar ile tapiastir.
Verilerin analizinde derinlemesine PAB ve sureklarkastirmali veri analiz
yontemleri kullanilmgtir. Calsmanin sonugclari, PAB bienleri arasindaki etkigam
icin dokuz o6zellik ortaya koymytur: a) Deneyimli @retmenin aksine, deneyimsiz
ogretmenin fen gretimine baky acisi geneldir, ve bu PAB bglenleri arasindaki
etkilesimi engellemektedir, b) PAB bijenleri arasindaki etkifgm kendine ve
konuya 6zgudur, c) Deneyimsizgrétmenlerin PAB haritalart parcali bir yapiya
sahipken, deneyimli @etmenlerin PAB haritalari batincul bir yapiya gainj d)
Batin haritalardaki etkigmlerde, @&renci, mifredat ve g etimsel bilgiler

merkezidir, €) Deneyimli ve deneyimsigrétmenler PAB bilgenleri arasinda farkli
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dizeyde karmgk etkilesimler gdosterirler, f) Deneyimli gretmenler, deneyimsiz
ogretmenlere goére, daha fazla cift yonli etiildere sahiptirler, g) Deneyimli
ogretmenler, deneyimsizgéetmenlere gbre, PAB bienleri arasindaki etkigmi
bilgi diizeyinden uygulama diizeyine détiiimede daha karilidir, h) Gretmen
Ozyeterlginin, PAB bilegenleri kullaniminda ve bikenler arasinda etkianm
kurmada rol oynagh gorulmisttr, ve i) Tum @retmenler ayni konuyu benzer ders
planlariyla ve ayni gretim materyalleri ile gretmenlerine ragmen, PAB bgkenleri
arasinda nasil etkili etkgenler kurduklari farklihk gosterngtir. Bu sonuclarin,

Ogretmen gitimine katkilari ve fen gtimi arastirmalari igin Onerileri targilacaktir.

Anahtar Kelimeler: Pedagojik alan bilgisi, PAB Bealeri arasindaki etkiy@n,
deneyimli @retmenler, deneyimsizséetmenler, ¢coklu durum gaimasi
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CHAPTER 1

INTRODUCTION

Chemistry courses are widely acknowledged to bdlhiglemanding for
learners. Since chemical concepts are abstractchaohical reasoning involves a
macroscopic/microscopic relationship, studentsnoftave difficulties in explaining
chemical phenomena (Erduran, Bravo, & Naaman, 20R&3$earch has shown that
students unfortunately possess many alternativeegtions related to chemistry
concepts not only because chemistry is a compléjesty but also because of the
way the concepts are taught (Gabel, 1996). Thexeteanchers require improving a
particular domain of knowledge that exceeds contembwledge in order to
accommodate various interests, comprehensiontiebjland experiences of students
(Park & Chen, 2012).

Teachers may have common questions in their mindewslanning and
enacting their teaching such as: Which difficultiés my students have while
learning the science concept? What can | do for shydents to help them
comprehend that science concept? What are theiaiatérat | will use to help them
improve their understanding of that concept? How lIdevaluate my students’
understandings? (Magnusson, Krajcik & Borko, 1996)find an answer for these
kinds of questions, teachers require a special &frtéacher knowledge domain that
distinguishes a teacher from a subject matter apsic{(Magnusson et al., 1999). In
this respect, Shulman (1987) introduced pedagogimadent knowledge (PCK) as a
central element in the knowledge base of teachmijteachers’ particular practical
knowledge required to help learners comprehendifsperontent. According to
Shulman (1986), teacher education programs needsomopound content and
pedagogy instead of looking teacher education frive aspect of content or
pedagogy. Shulman argued that the comprehensiohoof subject matter was
transformed into instruction is at the heart otteag. Therefore, he defines PCK as

a specific mixture of content and pedagogy for h&ag a topic. From this point of
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view, effective teachers should utilize both cohtand pedagogical knowledge,
transform them into knowledge for teaching partcutopics. Shulman (1986)
describes PCK as *“...the most useful forms of contepresentation, the most
powerful analogies, illustrations, examples, exataoms, and demonstrations— in a
word, the ways of representing and formulating thabject that makes it
comprehensible to others” (p. 9). PCK also comgmig® comprehension of what
makes the learning of particular topics easy ofiadift. According to Shulman
(1986), PCK concerns its relation to specific satgeFrom this aspect, a science
teacher would have a different subject-specific P@@GKn a mathematics teacher.
Moreover, PCK is defined as topic-specific knowledgr teaching a specific subject.
Additionally, according to his conceptualizatiorGH consists of two key elements
which are knowledge of representations of subjeatten and understanding of
specific learning difficulties.

Since the introduction of PCK, a large number aicadional scholars have
worked on the concept (e.g., Park & Oliver, 200Bashweh, 2005; Grossman,
1990). Some of these scholars have tried to md@tiyiman’s definition and identify
different components. For instance, Grossman (1€886hes PCK as the result of a
transformation of three main knowledge domains jettbmatter knowledge, general
pedagogical knowledge, and knowledge of contex@K s put in the center of the
model and demonstrated it as influenced by andieniting the other three main
knowledge domains (Grossman, 1990). PCK includesviedge and beliefs about
the purposes for teaching a subject at differeatigrevels; knowledge of students’
understanding, conceptions, and misconceptionsaatficplar topics in a subject
matter; curricular knowledge; and knowledge of nmstional strategies and
representations for teaching particular topics &Snean, 1990). The sources of ideas
that contribute to the improvement of PCK are ideat; namely, apprenticeship of
observation (both as a student and a preserviahdea disciplinary background,
professional coursework, and learning from expeege(i.e., teaching experience).
Many researchers ascribes teaching experience eagrimary source of PCK
development (Van Driel, De Jong, & Verloop, 200&\Driel, Verloop, & De Vos,



1998; Grossman, 1990; Magnusson et al., 1999; Vael,Beijaard, & Verloop,
2001), while others emphasizes that teaching espesi alone does not lead
necessarily to robust PCK (Leite, Mendoza, & Boese¥)05; Friedrichsen et al.,
2009). For instance, Lee, Brown, Luft and Roeh(@@07) support that PCK can be
improved through teaching experience; thereforegykéce and novice teachers may
possess limited or minimal PCK. Similarly, De Jamgl Van Driel (2004) argue that
teachers require gaining experiences accordingaohing specific topics in practice
in order to develop PCK. On the other hand, Fraden et al., (2009) support that
there were few differences between teachers wilchieag experience and those
lacking teaching experience and both groups latkptt-specific PCK. Therefore,
teaching experience alone is not adequate for earistg knowledge for teaching
(Friedrichsen et al., 2009).

In addition to this discussion, researchers haseudised the development of
PCK as an integrative process among PCK componéntssman (1990), the first
scholar who took the interactions among PCK comptnimto consideration, stated
that “...these components are less distinct in practhan in theory” (p.9). Then,
Magnusson et al. (1999) enhanced the concept of R@Ker with some change
(e.g., addition of one more component). They cotmdized PCK for science
teaching as a mixture of five types of knowledgeemations towards science
teaching, knowledge and beliefs about science aumn, knowledge and beliefs
about students’ understanding of specific scienpe&s$, knowledge and beliefs about
assessment in science, and knowledge and belief# aistructional strategies for
teaching science. They emphasized two importarisiddout PCK with their model.
First, each component shows that there are varigpss of subject-specific
pedagogical knowledge used in science teachingorfsecthey depicted the
components as parts of a single construct (PCHKgckbe teachers should enhance
all aspects of PCK while teaching a particular ¢cofiherefore, lack of coherence
among the components can cause problems in imgr@and utilizing PCK. In other
words, the relations among the components areiwgrgrtant. It is also important to

note that teachers’ developed knowledge of one ookt may not be adequate to



affect change in practice. Magnusson et al. (12@@)erlined that these components
may interact in highly complex ways; thereforeisisubstantial to comprehend how
they interact and how their interactions affecickeéag. Nevertheless, in their PCK
model, the five components are represented in eadinvay and the only explicit
interaction in this model is between science tesghorientation and each of the
other four components. In contrast to Magnussoal.& linear model, Park and
Oliver (2008a) presented the same five componerdspentagonal form to represent
the integration of the components in to the PCKeylhighlighted that “strong PCK
has all components connected to each other stragagbyigh to enable the whole
structure of PCK to function for scaffolding stutiégarning” (p.926). Abell (2008)
also emphasized that no matter how PCK componavis been conceptualized; the
key point is that PCK is more than the sum of @dsponents.

In this respect, researchers have confessed th@ataer to successfully plan
and conduct a teaching for a particular group @irrers in a specific context,
teachers should be able to interact PCK componastisrently (Van Driel et al.,
2002; Loughran, Berry, & Mulhall, 2006). The intermectedness among them is
important for PCK development and the connectiaiesheghly complex in nature
(Park & Oliver, 2008a). However, taking the longtbry of PCK into consideration,
the nature of interactions among PCK componentstegn unexplored issue in
teacher education literature until recently (Hen¥en Driel, & Verloop, 2008;
Padilla & Van Driel, 2011; Park & Chen, 2012, Aydibemirdogen, Akin,
Uzuntiryaki-Kondakci, & Tarkin, 2015). Little attéon was paid to how PCK
components interact with each other for differeogi¢s or how these interactions
develop when teachers gain more teaching experidrieefore, more studies are
needed that look at how the nature, dynamics, wgmland complexities of the
interactions of all PCK components in differentitsp how these interactions among
the components influence teaching practice, and teaghers’ different levels of

teaching experiences are related to these interacti



1.1. Purpose of the Study

The purpose of this study was to investigate ttiareaof interactions among
all PCK components (science teaching orientatiokspwledge of learner,
knowledge of instructional strategies, knowledgecoifriculum, and knowledge of
assessment) of novice and experienced chemistchéesin teaching reaction rate
and chemical equilibrium topics. In addition, tloderof teaching experience, if any,
on the interactions among PCK components in tegclirese two topics was

examined.

1.2. Research Questions

This study aims to answer the following researcéstjons:

1. What is the nature of interactions among PCK corepts of novice and
experienced chemistry teachers in teaching reactaie and chemical
equilibrium topics?

2. What is the role of teaching experience, if any,tl@ interactions among
PCK components in teaching reaction rate and cledraguilibrium topics?

1.3. The Intended Audience of the Research

Science education researchers and science teateaters, especially in the
field of chemistry education, are the intended andés of this study. Moreover,

policy makers are the other intended audienceisfrésearch.

1.4. Definitions of Important Terms

The research questions of this study consist oérs¢vterms that need to be
defined.

Pedagogical Content Knowledge (PCK)
PCK is defined as *“the blending of content and peds into an

understanding of how particular topics, problems, issues are organized,



represented, and adopted to the diverse interexisadilities of learners, and

presented for instruction (Shulman, 1987, p.8).

Subject Matter Knowledge

Subject matter knowledge refers to knowledge ofteanin a specific field.
Substantive and syntactic structures are two tgbpesibject matter knowledge. The
substantive structures refer to facts, rules, les, organization of concepts and
theories, whereas syntactic structures are the fl@roof and evidence utilized to
produce and support knowledge claims in the dis@plSchwab, as cited in Tamir,
1988).

Pedagogical Knowledge

Pedagogical knowledge is not a subject-specifioAtedge and is related to
teacher knowledge of classroom management, learrivepry, instructional
strategies, etc. (Abell, 2007).

Knowledge of Context
Knowledge of context refers to knowledge of scho@smmunities and
students’ backgrounds that teacher utilize in ttegiching (Abell, 2007).

Science Teaching Orientations

Science teaching orientatiom®mponent of PCK is defined as teachers’
knowledge and beliefs about the purposes and gmalsaching science at a specific
grade level. Within the proposed PCK model for sceeteaching, science teaching
orientationscomponent plays a critical role because of its f@iv@osition which
influences the other PCK components, and these aoemts influence it

(Magnusson et al., 1999).

Knowledge of Science Curriculum
Knowledge of science curriculumomponent consists of two categories:
mandated goals and objectives, and specific cdanquograms and materials. The

first category includes of teachers’ knowledge adlg and objectives related to their



subject(s) for students, as well as the verticaticulum (vertical relations of the
topic to the earlier and later grades) and horalootirriculum (relations to other
topics in the same grade) in their subject(s). §dwnd category includes knowledge
of the programs and materials that teachers netxhth a subject or a specific topic
within that subject (Magnusson et al., 1999).

Knowledge of Students’ Understanding of Science

Knowledge of students’ understanding of sciesoenponent refers to the
teachers’ knowledge about students to improve 8pescientific knowledge.
Knowledge of requirements for learning and knowkedfareas of student difficulty
are the two categories of this component (Magnussah, 1999).

Knowledge of Assessment in Science

Knowledge of assessment in science component ¢srdigswo categories:
knowledge of dimensions of science learning to @saad knowledge of methods of
assessment. The first category refers to teacha®ivledge about assessment of
students’ learning as related to stated goals, (@gceptual understanding, nature of
science, scientific investigation, etc.). The set@ategory is related to teachers’
knowledge of how to assess student learning aseckta stated goals (Magnusson et
al., 1999).

Knowledge of Instructional Strategies in Science

Knowledge of instructional strategies in scierm@mponent includes two
categories of knowledge: knowledge of subject-destrategies and knowledge of
topic-specific strategies. Subject-specific stregegare broadly implementable and
particular to only teaching science. Topic-specfiitategies are much narrower in
extent and are used for teaching specific topicthiwia domain of science
(Magnusson et al., 1999).

Definitions for interactions among PCK components derived from the

definitions of each component.



Interaction between knowledge of instructional wges and science
teaching orientationsefers to utilizing a specific instructional strgy to attain goals
and purposes for science teaching.

Interaction between knowledge of instructional &gees and knowledge of
learner refers to utilizing a specific instructional strgyeto handle a difficulty,
misconception or pre-requisite knowledge.

Interaction between knowledge of instructional &gges and knowledge of
curriculumrefers to utilizing a specific instructional strgyeto address a particular
curriculum objective.

Interaction between knowledge of instructional &tgees and knowledge of
assessmernefers to reviewing the instructional strategiesaading to the feedback
taken from assessments.

Interaction between knowledge of learner and kndgaeof curriculunrefers
to taking into consideration a difficulty, miscompten, or pre-requisite knowledge
while examining the curriculum regarding what stdeshould have learned and
will learn about those topics.

Interaction between knowledge of learner and kndgdeof assessmerfers
to utilizing different assessment methods to specstudents’ difficulties,
misconceptions or pre-requisite knowledge.

Interaction between knowledge of learner and s@eteaching orientations
refers to taking into consideration students’ diffties, misconceptions or pre-
requisite knowledge based on the teacher’s goagparposes for science teaching.

Interaction between knowledge of curriculum andvidedge of assessment
refers to utilizing different assessment methods to definerders’ achievement
regarding the goals and objectives related to thigests, or to bring out what
students know about the topic within a grade amdsacgrades.

Interaction between knowledge of curriculum andesce teaching
orientationsrefers to taking into consideration a particularriculum emphasis in
class (i.e., nature of science objectives) accgrtiiteacher’s goals and purposes for
science teaching.



Interaction between knowledge of assessment anéncei teaching
orientations refers to assessing a particular knowledge orn $&il determining

whether students reached teacher’s goals and mepasscience teaching.
1.5. Significance of the Study

This research fulfills several gaps in literaturg studying the nature of
interactions among PCK components of teachers diiferent levels of teaching
experience in teaching two different chemistry ¢spand draws some conclusions
for science teacher education.

Review of the literature revealed that many stu@iedeavoto portray the
PCK of science teachers; however, very few stuldiie® addressed the relationships
among PCK components as also stated by Friedricé@nDriel, and Abell (2011).
Those studies have examined only one or two commysnand the interaction
between them (e.g., Veal & Kubasko, 2003; Cohena&dén, 2009), or the effect of
the development of one component on the whole P taaching practice of a
teacher (e.g., Kamen, 1996). To date, few stuches Iheen conducted to investigate
the interplay among all PCK components (Henze .e2808; Padilla & Van Driel,
2011; Park & Chen, 2012, Aydin et al., 2015). Te best of my knowledge, how the
interactions among all PCK components develop whteachers gain teaching
experience has not been revealed by the previagiest yet. As a conclusion, the
nature, dynamics and complexities of the interplayall PCK components have not
been fully resolved (Park & Chen, 2012). Therefdtes study is supposed to
provide valuable information about the nature, dyiea and complexities of
interplays among PCK components related to teaathegistry.

Moreover, in the field of science education, sodaly a few studies have
focused on beginning science teachers’ PCK devedopiiuft et al., 2011) and the
comparison between beginning and experienced seitrachers’ PCK (Clermont,
Borko, & Krajcik, 1994). In addition, those who ®stigate secondary science
teachers are frequently interested in preservideraservice teachers’ development.

Therefore, science teacher scholars have confélsaethis point of view is limited,



because the induction years of novice teachers aignificant element of teacher
development (Luft et al., 2011). The absence alystan beginning science teachers
and the significance of highlighting the teachirigsaence during the first years of
teaching propose that the research on novice scidaachers is worthy of
investigation (Luft et al., 2011). Furthermorelre limited number of studies which
described various integrations among PCK componéhés subjects were mostly
preservice or experienced teachers. Educationalashpointed out the need for
research on how teachers with different levels ezching experience use PCK
components coherently in order to make the topicemumderstandable to learners
and provide significant implications for teacheueation (Abell, 2008; Park & Chen,
2012), and how PCK develops over time (De Jong, Dael, & Verloop, 2005). It

is my view that this study helps novice and expere teachers to comprehend what
PCK is and how knowing PCK may assist their teaghmprove. Moreover, it is
possible with the present study to draw a profilehow novice and experienced
teachers integrate PCK components into their P@Kother words, this study will
make a contribution to the field of PCK by examithe role of teaching experience,
if any, on the interactions among PCK componentsiity such information, better
preservice teacher education and professional oeweint programs may be
developed.

Another point that needs consideration is thatethera need to examine
topic-specificity of PCK in different topics withithe same discipline (Abell, 2008).
Particularly, it is emphasized that more reseaschequired to comprehend how
novice teachers construct their general, disciplimdopic-specific PCK (Luft et al.,
2011). In addition, the nature of a topic is ani¢atbr of how and to what extent
components interact with each other (Park & Ch&i22. Therefore, the results of
this study will contribute to the PCK literature blgowing that the topic-specificity
is based not only on which components comprisaehir’s PCK in a specific topic
but also on how and to what degree those compoeatsitegrated into the PCK.
Moreover, selection of the topic is another impatrtpoint, because it was a well-
attested fact that a significant number of high osthstudents struggle with
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understanding concepts related to reaction ratechanhical equilibrium topics (e.g.,

Tyson, Treagust & Bucat, 1999; Van Driel et al.98p Experienced teachers’ rich
repertoire of teaching practices regarding rateeattion and chemical equilibrium

topics and how they integrate PCK components mdy bther teachers develop
their teaching as well. Furthermore, this studyl wibvide a valuable example of
how a novice teacher integrates PCK componentsimnahich points s/he has

problems while teaching these two specific topidserefore, both experienced and
novice teachers’ practices will be a precious sedor teacher education programs
as well as science teacher educators for desigrifagtive professional development
programs for science teachers.

Finally, from a methodological aspect, this studyll wrovide valuable
contributions to the PCK literature. In order t@ndify, quantify, and visualize the
interplays among PCK components, | used PCK maproapp, a pictorial
demonstration of the relationships among PCK comapt:n(Park & Chen, 2012).
Utilizing PCK map approach helps us designate tmponents that teachers lack or
have but frequently have difficulty in interactimgth other components for different
topics within the same discipline (Park & Chen, 201With the help of this
approach, | can compare how PCK and the interaxtaonong the components are
different for novice versus experienced chemistgchers for different topics which
will provide valuable implications for teacher edtion. By using PCK map
approach, this study provides valuable effort towshhat construction of PCK is a
complicated process and this construction is piilgnarfluenced by the relations of
various components. Therefore, this is a promisigly to support that emphasis
should be put not only on the development of irdiral PCK components but also
the development of integrations among the companata the PCK.

Given the importance of teachers’ PCK and practitere is a need for
conceptual and methodological clarity concerning ttelationship among the
components as well as the role of teaching expegien these interactions. With this
in mind, this study intended to investigate theuraf interactions among all PCK
components of novice and experienced chemistryhegacas well as to identify

11



whether teaching experience is related to the antems among PCK components.
In conclusion, this study has three main powerfylests: comparing and contrasting
interplays among novice and experienced teach&@& Edmponents in teaching two
different chemistry topics; thereby drawing a cosan about the role of teaching
experience, if any, on the interactions among PO@kKhmonents; and presenting

tangible examples of both novice and experiencadhiers’ PCK and relationships
among the PCK components in these topics.

12



CHAPTER 2

REVIEW OF LITERATURE

The purpose of this study is to examine the natfiieterplays among PCK
components for novice and experienced chemistighira in teaching reaction rate
and chemical equilibrium topics. Therefore, literaton conceptualization of PCK,
nature of PCK, research on the interplay among B@#Kponents, and research on
how teaching experience is related to PCK developmell be reviewed in this

chapter.

2.1. Conceptualization of Pedagogical Content Knowledge

Discussions about teachers’ subject matter andgoggeahave been going on
since last century. The focus of these discusdiassbeen on seeking the answers to
the questions “What are the domains and categofientent knowledge in the
minds of teachers? How, for example, are contenbwkedge and general
pedagogical knowledge related? In which forms hedomains and categories of
knowledge represented in the minds of teachers?t \Afigathe promising ways of
enhancing acquisition and development of such kedgé?” (Shulman, 1986, p.9).
According to Shulman and his colleagues (1986)sehguestions were the central
questions in the literature of teacher educatioorder to probe the complex nature
of teacher understanding and transmission of coktewledge. Over that, Shulman
(1986) concentrated on “Knowledge Growth in Teaghiand tried to answer those
questions. He proposed to divide content knowlemhge three domains; subject
matter content knowledge, pedagogical content kedg#, and curricular
knowledge. Subject matter knowledge refers to thumt and organization of
knowledge in the mind of a teacher, and consistsuifstantive and syntactic
structures. Substantive structure of a disciplefers to the organization of concepts,
facts, principles and theories, while syntacticcture refers to the rules of evidence
and proof utilized to produce and validate knowkeddaims in the discipline.
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Curricular knowledge refers to teachers’ knowledgeut program and materials for
the teaching of specific subjects and topics, aé agelateral curriculum (teachers’
ability to link the content of a course to topiesrny discussed concurrently in other
classes, and vertical curriculum (topics in thecpding and later years that are
associated to the topics that are taught). PCK degscted as a kind of teachers’
special practical knowledge as well as a specialgam of content and pedagogy
(Shulman, 1986). PCK goes beyond subject mattewlatge for teaching. Shulman
identified PCK as
...for the most regularly taught topics in one's sabgrea, the most useful
forms of representation of those ideas, the moswvepnil analogies,
illustrations, examples, explanations, and dematsetrs-in a word, the ways
of representing and formulating the subject thakeni comprehensible to
others (Shulman, 1986, p.9).
Moreover, that area of knowledge consists of “...adarstanding of what makes the
learning of specific topics easy or difficult: thenceptions and preconceptions that
students of different ages and backgrounds brirtg thiem to the learning of those
most frequently taught topics and lessons” (ShulmM&&6, p.9). In 1987, Shulman
carried his research on knowledge and teachingderao respond four questions:
“What are the sources of the knowledge base farthieg? In what terms can these
sources be conceptualized? What are the proce$gesdagogical reasoning and
action? and What are the implications for teachpolicy and educational reform?”
(p.1). Then, he offered seven categories of knogdeldases in order to increase
understanding of students, three of which are cantdated (i.e., content knowledge,
PCK, and curriculum knowledge), and the othersrréfegeneral pedagogy (i.e.,
learners and their characteristics, educationalteot®, and educational ends,
purposes and values). They can be outlined asonjeat knowledge; ii) general
pedagogical knowledge, with special reference tosehbroad principles and
strategies of classroom management and organizaktian appear to transcend
subject matter; iii) curriculum knowledge, with paunlar grasp of the materials and
programs that serve as “tools of the trade” forcheass; iv) pedagogical content
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knowledge, that special amalgam of content and gmgla that is uniquely the

province of teachers, their own special form of fessional understanding; v)

knowledge of learners and their characteristic9; knowledge of educational

contexts, ranging from the workings of the groupckassroom, the governance and
financing of school districts, to the charactercommunities and cultures; and vii)
knowledge of educational ends, purposes, and vahres their philosophical and

historical grounds (p.8). Shulman (1987) pointed that PCK, among those

categories, requires a special interest since dtgdates a mixture of content and
pedagogical knowledge for teaching a particularictdpr diverse interests and

abilities of learners.

In following years, elaborating on Shulman’s wamany scholars carried out
research on PCK, as a construct of teacher knowleggr example, Tamir (1988),
who was influenced by Shulman’s view, made an gitémoutline a framework for
teacher knowledge. This framework includes six mategories; namely, general
liberal education (basic skills of reading, mathgosa writing, and reasoning),
personal performance, subject matter, general pgilea), foundations of the
teaching profession (history and policy; philosopnyd psychology; cultural and
cross-cultural factors; professional ethics), aobject matter specific pedagogical
knowledge, which is indeed PCK. Tamir (1988) claiintbat general pedagogical
knowledge and subject matter specific pedagoginalwkedge were very different
from each other. He argued that;

The distinction is very important with regard taad¢ber education, since,

while the first (i.e., general pedagogy) may bedbed by experts in general

pedagogy and, hence, can be taught in mixed disaipl classes, the second

(i.e., subject matter specific pedagogical know&dmust be handled by

instructors who are pedagogical experts in a pdaicdiscipline working

with student teachers preparing to teach in thetipline (p.100).

Tamir (1988) conceptualized PCK with four composerty defining and
distinguishing knowledge and skill for each compuneknowledge of student,

curriculum, instruction (teaching and management] avaluation. Knowledge of
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student consists of particular conceptions and aniseptions (knowledge) as well as
how to identify a student conceptual difficultyangiven topic (skill). Knowledge of
curriculum includes prerequisite concepts requftedunderstanding photosynthesis
(knowledge), and how to plan an inquiry orientedolatory lesson (skill).
Knowledge of instruction consists of a laboratagdon with three phases: pre-lab
discussion, performance, and post-laboratory dgoos(knowledge), and how to
teach learners to utilize a microscope (skill). afiyy knowledge of evaluation
involves the nature and composition of the Prakfiessts Assessment Inventory
(knowledge), and how to evaluate manipulation latmy skills (skill). Different
from Shulman’s (1986) PCK conceptualization, thstidction between knowledge
and skill, and addition of evaluation component tie Tamir's (1988) PCK
framework were the most important points for teadtrication.

Then, Grossman (1990) examined the nature and e®wic PCK of three
beginning English teachers who entered teachinfouwit professional preparation
and three graduates of a fifth-year teacher edutairogram. She suggested more
extensive delineation of the knowledge bases antkazp with a model of teacher
knowledge with four essential components; in otherds, cornerstones of the
emerging work on professional knowledge for teaghwwhich are: subject matter
knowledge, general pedagogical knowledge, PCK, laraivledge of context (see
Figure 2.1). Double arrows in the model depictrétlationship between PCK and the
other domains of knowledge for teaching.
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Figure 2.1Model of Teacher Knowledge (Grossman, 1990, p.5)

Grossman (1990) also broadened Shulman’s modeldding four distinct
components into PCK. The first component, an oekiag component of PCK,
includes knowledge and beliefs about the purposetefiching a subject at different
grade levels. This component influences the teathacisions of instructional
strategies, as well as their PCK. The second coemgasf PCK refers to knowledge
of learners’ understanding, conceptions, and miseptions of particular topics in a
subject matter. Teachers should have some knowlalget students’ pre-requisite
knowledge and difficulties in a topic to produceitgble explanations and
representations. The third component of PCK, culaicknowledge, is composed of
knowledge of curriculum materials and knowledge wbooth the horizontal and
verticular curricula for teaching a specific subjecatter. The last component of
PCK consists of instructional strategies and repregions for teaching specific
topics. Grossman (1990) advocated that these P@#panents were less separate
from each other in practice than in theory. Unlikamir (1988), Grossman did not
focus on assessment as a component of PCK. Regatden sources of PCK,
Grossman proposed four potential sources for dpuedoPCK: apprenticeship of
observation, disciplinary background, professiooc@alirsework, and learning from

experience.
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Later, based on a constructivist view of teachi@pchran, King and
DeRuiter (1991) delineated PCK as an integratedvienge and synthesized from
four areas of teacher knowledge; namely, subjedtem&nowledge, pedagogical
knowledge, knowledge of the environmental contexid knowledge of students.
With this view of teaching, PCK refers to the coefpmnsion of learning processes,
subject matter concepts, and approaches for teadhia particular content of a
discipline in a way that facilitates learners taldtheir own knowledge successfully
in a given context. They highlighted that “the foseparate knowledges are
transformed and synthesized as PCK evolves, amddtieally, the four components
become so integrated and so interrelated that tleeyonger can be considered
separate knowledges” (p.12). Different from Shulfmaonceptualization, they put
more emphasis on the teacher’s knowledge of stademt environmental context of
learning. Afterwards, in the light of their congttivist view of learning and
teaching processes, Cochran, King and DeRuiter3)1p8oposed a new model,
Pedagogical Content Knowing (PCKg), which was apaexied version of earlier
PCK model (see Figure 2.2). This idea was base@ alynamic nature, and put
emphasis on knowing and understanding as activeepses and on simultaneous

improvement of all perspective of knowing how tadle (Cochran et al., 1993).

KNOWLEDGE
oF
PEDAGOGY

KNOWLEDGE PEDAGOGICAL I KNOWLEDGE

OF CONTENT
ENVIRONMENT AL KNOWING

CONTEXTS

KNOWLEDGE
OF
STUDENTS

Figure 2.2Cochran et al.’s (1993) PCK model

While Shulman’s PCK conceptualization focuses oa tfansformation of
subject matter for teaching, PCKg model emphadilzats teachers should enhance

their pedagogical and subject matter knowledge he tontext of teachers’
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understandings of learner and of the environmeotaltext. They offered that
teachers’ understanding of students and of the@mviental context gives a shape to
the teaching and learning process, because learsiogeated by the learner in a
learning setting. Therefore, these two aspectsathers’ understanding ensure a
basis for teaching process. As indicated with therlapping circles, PCKg model is
formed with the integration of the four componenfspedagogy, subject matter
content, students’ characteristics, and the enmental context of learning. In
addition, the dark arrows and expanding core of thedel represents the
development of knowledge. Similarly, Fernandez-Balband Stiehl (1995)
conceptualized PCK based on the idea of interaeimaong PCK components. These
authors investigated “generic” nature of PCK ofvensity professors in a qualitative
research approach. Data were collected throughgohenological interviews with
10 professors who were teaching at different afeasg, biology, business, special
education, etc.). The method of constant-compargas utilized for data analysis.
Qualitative analysis of data put forward 5 gendCK components, which were:
knowledge of subject matter, students, instructistrategies, teaching context, and
one’s teaching purposes. They did not offer a PQIidehpresenting the components,
and also their PCK conceptualization did not inelkdowledge of assessment.
Gess-Newsome (1999) made a different attempt t@nstehd the nature of
teacher knowledge by suggesting two models of f@KPthe integrative and
transformative models (see Figure 2.3). In orderdtfierentiate them, Gess-
Newsome utilized a ‘mixture versus compound angloghe integrative model
pointed that PCK does not exist and the interseafdhree knowledge domains (i.e.,
pedagogy, subject matter, and context) describashée knowledge. Accordingly,
teaching can be explained as the act of integrakingwledge of these three
knowledge domains (Gess-Newsome, 1999). This misdgmilar to the formation
of a mixture. The ingredients of mixture still pess their own properties, although
their visual impact may imply a total integratio@n the other hand, in the
transformative model, PCK is formed as a synthesiall knowledge base for
teaching, as in the formation of a chemical compoumwhich the ingredients lose
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their initial properties. “While knowledge basesitaoning subject matter, pedagogy,
and context exist, they are latent resources inadritdemselves and are only useful

when transformed into PCK.” (Gess-Newsome, 19992p.

Subject Matier Pedagogical
Knowledge Knowledge

* Pedagogical Content *
Knowledge

]

Contextusl
Knowledge

Pedagogical
Knowledge

Contextual
Knowledge

* = knowledge needed for classroom teaching (Gemsddme, 1999, p. 12)

Figure 2.3 Integrative model and transformative models of PCK

Taking a somewhat different perspective, Magnustal., (1999) propose a
refined PCK model in a specific discipline, whigidgcience.’ Actually, Magnusson
and his colleagues’ model is grounded in the wdrkemssman (1990) and Tamir
(1988). Similar to Grossman, they view PCK as aultesf transformation of
knowledge of subject matter knowledge, pedagodinalviedge, and knowledge of
context. Figure 2.4 shows the model of the relatigm among these major teacher
knowledge domains and it was first proposed by Sr@s. Similarly, double arrows
in the model show the reciprocal relationship betwBCK and the other domains of
knowledge for teaching.
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Figure 2.4 A model of the relationships among the domain®ather knowledge
modified from Grossman (1990) (Magnusson et aB919.98)

In Magnusson et al.’s

component, similar to Tamir’'s (1988). Eventuallyeit PCK model consists of five
components (a) orientations toward science teacHhing knowledge and beliefs
about science curriculum, (c) knowledge and bekdisut students’ understanding of
specific science topics, (d) knowledge and bekisut assessment in science, and (e)

knowledge and beliefs about instructional stratedpe teaching science (see Figure

2.5).

(1999) PCK model for scieteaching, they changed

Grossman’spurposesto orientations and added the knowledge of assessment
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Figure 2.5Components of PCK for science teaching (Magnussah, 1999, p.99)
The components of the Magnusson et al.’s (1999) P@G&del were

Science teaching orientations component of PCKlaBned as teachers’
knowledge and beliefs about the purposes and gmalsaching science at a specific
grade level. Within the proposed PCK model for sceeteaching, science teaching
orientations play a critical role because of itgopal position which influences the
other PCK components (Magnusson et al., 1999).n8eideaching orientations,
general way of viewing or conceptualizing scieneaching, directs teachers’

planning, enacting and reflecting upon teachinggiMeson et al. (1999) identified




Table 2.1The goals of different orientations to teachingace

Orientations Goals of teaching science

Process Help learners improve science process
skills

Academic rigor Present a specific body of knowledge
(e.q., physics)

Didactic Transfer the facts of science

Conceptual change Ease the improvement of scientific

knowledge by contradicting learners with
contexts to clarify that challenge their
naive conceptions

Activity-driven Make learners active with materials and
hands-on experiences

Discovery Supply opportunities for learners to
discover aimed science concepts on their
own

Project-based science Include learners in examining solutions
to authentic problems

Inquiry Present science as inquiry

guided inquiry Found a community of students whose

members  share responsibility  for
comprehension the physical world,
especially with respect to utilizing the
tools of science

Knowledge of science curriculum component is cosag of two categories:
mandated goals and objectives, and specific cdaricprograms and materials.
Wilson, Shulman and Richert (1988) designated culair knowledge as a separate
teaching knowledge domain. However, based on thessBran’s (1990) view,
Magnusson et al. (1999) defined it as a componeERGK. Similar to Grossman’s
(1990) definition, the first category consists eadhers’ knowledge of goals and
objectives related to their subjects for studeasswell as the vertical curriculum
(vertical relations of the topic to the earlier atater grades) and horizontal
curriculum (relations to other topics in the samadg) in their subjects. The second
category includes knowledge of the programs ancemnads that teachers need to

teach a subject or a specific topic within thatjsob
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Knowledge of students’ understanding of science pmmment refers to the
teachers’ knowledge about students in order tostagkem to improve specific
scientific knowledge. Knowledge of requirements fearning and knowledge of
areas of student difficulty are the two categortésthis component. The first
category refers to the teachers’ knowledge aboereguisite knowledge needed for
students in order to learn particular scientifigpites. Additionally, teachers’
knowledge of variations in terms of students’ depehental and ability levels or
different learning styles is under the first catggoA successful teacher knows
students’ requirements and needs for learning apé,t and how students should
learn that topic best. The second category referaréas of difficulty for student
learning. Teachers should be knowledgeable abewdience concepts or topics that
students find difficult to learn and the reasonstfat (e.g., abstract nature of topic,
misconception, etc.).

Following Tamir (1988), Magnusson et al. (1999)ined knowledge of
assessment in science as a PCK component. It too$isvo categories: knowledge
of dimensions of science learning to assess andlkdge of methods of assessment.
The first category consists of teachers’ knowledgpeut assessment of students’
learning as related to stated goals (e.g., conakpnderstanding, nature of science,
scientific investigation, etc.). The second catggsrrelated to teachers’ knowledge
of how to assess student learning as related tedsgpals. Teachers’ knowledge of
methods of assessment consists of knowledge atplart instruments or procedures,
approaches or activities such as written teststfgms, and poster presentations.
Effective teachers should be knowledgeable abouthwmmethods of assessment are
more appropriate for assessing some aspect ofingathan others, as well as the
advantages and disadvantages of certain asseswuienigues.

Knowledge of instructional strategies componentuides two categories of
knowledge: knowledge of subject-specific strategied knowledge of topic-specific
strategies. The difference between these two giesteis their scope. Subject-
specific strategies are broadly implementable artiqular to only teaching science.
This category is comprised of general approachemdwuction such as learning
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cycles, conceptual change, and inquiry-orientetkruction and they are consistent
with the goals of specific science teaching orieotes. The second category, topic-
specific strategies, is much narrower in extentiangsed for teaching specific topics
within a domain of science. Topic specific stragsgconsist of representations (e.g.,
illustrations, models, analogies or examples) amtivides (e.g., simulations,
demonstrations, or experiments) that are used &pirlg students comprehend
specific concepts or relationships. Therefore,heex should know when and how to
integrate them in their instructions.

Magnusson et al. (1999) summarized that their PCédeh put forward
several important ideas about PCK. First, PCK camepts designate that there are
various types of subject-specific pedagogical kmolgke that are utilized in teaching
science. For each component, teachers have partknbwledge determined by the
topic. Second, teachers should enhance all compom#nPCK in all topics they
teach for an effective teaching. Third, the coheeeamong PCK components is
critical in improving PCK and growth of a singlensponent may not be enough for
a change in teachers’ practice. Last, the compsnenght integrate into PCK in
highly complex ways; thus, it is essential to coem@and how the components
interplay, and how their interplays affect teachpractice.

In conclusion, Magnusson et al.’s (1999) conceptatabn of PCK ensures a
significant tool for science teachers in order tiidbthe particular knowledge to be
effective teachers. Although Magnusson et al.’'S9@)9model represented the five
components in a linear way, it implies the sigmifice of the interplay and harmony
among the components. However, the only explicieraction in this model is
between science teaching orientations and eadteadther four components.

All the efforts, until now, describing PCK mostlgrecentrated on what forms
the PCK. Prior to the study of Veal and MaKingtE999), there has not been an
explicit consideration and clarity about the natofePCK. Veal and MaKinster
(1999) classified PCK as taxonomies (i.e., clasaiion system) by showing
hierarchical relationships among PCK componente@int from the previous PCK
models. They developed General Taxonomy of PCK hwhlassified different kinds
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of PCK previously discussed in the literature add a new category of PCK (i.e.,

topic-specific PCK) (see Figure 2.6).

Disciplines

History
[ Scionce | LR

Science

Domain Specfic PCK

Science

Biolo,

~

Chemistry

Figure 2.6 General Taxonomy of PCK proposed by Veal and Mat€in(1999, p.7)

This taxonomy defined general teaching skill andggegy that should be
enhanced by all teachers. These pedagogical ststegnsisted of planning,
teaching methods, evaluation, feedback, lecturd,ed0. These strategies were not
specific to any content area, and could be utiliredifferent content areas. The first
level of this taxonomy is general PCK which is mepecific than pedagogy, since
the concepts and strategies used were particulaifterent disciplines such as
science, math, history or English. General PCkelated to science as a subject and
Is similar to subject-specific strategies defingdMagnusson et al. (1999). Domain-
specific PCK, the second level, is more specifianthgeneral PCK, since it
concentrates on one of the domains (e.g., biologger a specific discipline (e.g.,

science). Topic-specific PCK is the most speciéicel of the taxonomy. A teacher
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who has topic-specific PCK could possess the géaachdomain-specific PCK. Not
only the concepts in a specific domain may be taudifierently, but also the
common concepts are also taught differently in mzages. For instance, a chemistry
teacher may use kinetic molecular theory to exptaimperature, while a physic
teacher may explain it as the measure of heatdogfained in a system (Veal &
MaKinster, 1999). Although this concept is covelsdboth domains (physics and
chemistry), teaching and representations of theepinshow differences. Moreover,
the authors of this study proposed the Taxonomy@K Attributes (see Figure 2.7)
to represent hierarchical structure of PCK andaitisibutes. According to this
structure, PCK has a central position which sholat its significance and the
surrounding attributes are all related, indicatamgintegrated nature of components.
Moreover, a solid content background is requiredihite improvement of PCK.
Knowledge of students is the second essentialbatéi for developing PCK.
Knowledge of students has more importance thangueieal knowledge in this
taxonomy. Furthermore, the attributes of PCK aterirelated instead of being linear.
Teachers can have or improve one of attributesG¥ Bt any time throughout their
teaching career. Therefore, the improvement of mag simultaneously induce the

improvement of others.

CONTENT KNOLWEDGE

KNOWLEDGE OF STUDENTS

51 [
Cortext \\ ‘ Soaocultur alism
PCK ‘@il

Nature of Science | Cumiculum

| Classroom Management |

Figure 2.7 Bird’s Eye View of Taxonomy of PCK Attributes (Me& MaKinster,
1999, p.11)

27



After the work of Veal and MaKinster (1999), Haslnw@005) criticized the
conceptualization of PCK and pointed out the lacklarity about the nature of PCK,
its components and development and its generalitgpecificity. He also drew
attention to the relation between teacher knowleatgkbeliefs. Taking the results of
recent research on PCK in addition to his own ahdlrSan’s conceptualization of
PCK into consideration, Hashweh (2005) proposeédva term, “teacher pedagogical
constructions (TPCs)” instead of PCK. He stated BK is

...the set or repertoire of private and personal @urspecific general event-

based as well as story-based pedagogical constngcthat the experienced

teacher has developed as a result of repeatedipdpand teaching of, and

reflection on the teaching of, the most regulaalyght topics (2005, p.277).
Based on this definition, he proposed several @isaer i) PCK is specific to a
person; ii) PCK consists of a collection of teachedagogical constructions; iii)
Teacher pedagogical constructions stem from plapnimeractive and post-active
phases of teaching; iv) Pedagogical constructionsged from a distinctive process
that is affected by interplay of knowledge and dfslifrom various categories; V)
Pedagogical constructions include a generalizedteba&sed and a story-based kind
of memory; vi) Pedagogical constructions are spetif topic; vii) There should be
connections between these constructions and o#tiegaries teacher knowledge and
beliefs. He proposed a model of a hypothetical m&eteacher’'s knowledge and
beliefs (see Figure 2.8), which shows the inteoastiamong different categories of
teacher knowledge and beliefs.
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Figure 2.8 Model of a hypothetical science teacher’'s knowéedgd beliefs
(Hashweh, 2005, p. 282)

Similarly, given the importance of the interactiomsnong the PCK
components, Park and Oliver (2008a, 2008b) put E@iponents into a pentagonal
form with PCK in the center to show its potentiadprovement from any of these
five components (see Figure 2.9). Their PCK moda$ wonstructed based on the
work of Grossman (1990), Tamir (1988), and Magnasstaal. (1999), and consisted

of the same five components as Magnusson et 40%9) PCK model.
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Figure 2.9Pentagon model of PCK for science teaching (Pa@i&er, 2008b, p.
815)

Park and Oliver (2008a) defined PCK based on twuedsions; namely,
teachers’ understanding and enactment. PCK is ghehers’ understanding and
enactment of how to support a group of learnersprehrend a particular subject
matter utilizing several instructional strategigepresentations and assessments
while working within contextual, cultural and sdciaoundaries in the learning
environment.

In order to re-examine the construct of PCK, Parkl ®liver (2008a)
conducted a multiple case study of three expergthagh school teachers who were
working in the same high school. They gathered ftata classroom observations,
semi-structured interviews, lesson plans, teacheniien reflections, students’ work
samples and researcher’s field notes. The data avexlyzed through three different
approaches which were constant comparative metradnerative approach and in-
depth analysis of explicit PCK. Results offered eavncomponent and some new
features of PCK. One new feature of PCK came indav\from identification of the
synthetic and synergistic effect of both knowledg&ction and knowledge-on-
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action on PCK. Knowledge-in-action refers to knaldge enhanced and enacted
while teaching by reflection-in-action, and knowdedon-action refers knowledge
elaborated and enacted after the teaching prdgyigeflection-on-action (Schon, as
cited in Park & Oliver, 2008a). PCK had both ofgbeaspects, and they affected
each other through reflection inside or outsidelassroom. This reciprocity implied
that PCK growth incorporated knowledge acquisionl knowledge use. They were
interrelated during instructional practices rathan following the order of
acquisition and enactment. Actually, their reseases conceptually based on five
components of PCK; however, one new affective camepb of PCK, teacher
efficacy, came out as a result of their researdteyTobserved that teacher efficacy
played an important role in the enactment of PCe#, ihstance, in portraying
problems and deciding teaching strategies to stileeproblems. Teacher efficacy
also had a function to link understanding and emant. Higher teacher efficacy
induced encouragement for teachers to enact thlerstanding. When teachers
performed successfully, teacher efficacy increaS¢ein and Wang stated that “The
increased teacher efficacy renders the teachedy tealearn relative to any of the
components of PCK, whereby their understandinggaeded” (as cited in Park &
Oliver, 2008a). Therefore, there is a link betwesacher efficacy and PCK (Park &
Oliver, 2008a). Moreover, they advocated that sttelegquestions, critical thinking,
verbal/nonverbal responses, and evidence of legrmfluenced PCK. They also
concluded that PCK was idiosyncratic. Orientatiots science teaching,
characteristics of students, teaching experieraras$,personal characteristics shaped
the idiosyncrasies of teachers’ PCK. These resettghe researches to reorganize

knowledge and propose an evolved PCK model as showigure 2.10.
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Figure 2.10Hexagon model of PCK for science teaching (Parkli&ed, 2008a, p.

279)

According to this model, PCK includes both teacherslerstanding of how

to teach subject matter knowledge effectively armk tenactment of their

understanding. This model also covers reflectioadtion and reflection-on-action

synergistically that influence PCK development imowledge-in-action and

knowledge-on-action. Furthermore,
five components into a pentagonal

teacher efficacy as a component

at the beginhthe study, the authors put the
form; howevez, dhta showed the existence of

of PCK. Additigndlhe six components affect

each other, and teachers should integrate and #reutfor effective teaching. The

growth in one component of PCK may concurrentlycesd the growth of others and

eventually develop the overall PCK. On the otherdhdack of coherence among the

components can be problematic i

n enhancing andingl PCK (Park & Oliver,

2008a). Regarding knowledge of students’ understgndhis model also includes

learners’ motivation and interest as a sub-compon&part from these additions,
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this hexagon model encompasses the same comp@sehtagnusson et al.’s (1999)
PCK model.

Finally, a recent model proposed by Gess-Newsordéhancolleagues (2015)
is relatively different from the one originally neduced by Magnusson et al. (1999).
In order to identify a unified PCK model, and findt the connections between PCK
and other knowledge domain, classroom practicecarstildent outcomes, they first
reached a consensus on five weaknesses with PGéghdésd by Shulman (as cited
in Gess-Newsome, 2015). These weaknesses with RE€Kha absence of affect,
emotion, and motivation; an overemphasis on teatifieking versus a teacher’s
skilled performance in the classroom; the omisbrcontext; the omission of a
teacher’s vision and goals for education; and, ridationship of PCK to student
outcomes. After a long debate, they proposed a hmateed ‘teacher professional
knowledge and skill' (TPK&S) that portrays the oaehing role of teacher
professional knowledge bases (TPKB) and includes €e Figure 2.11).

Teacher professional knowledge bases
Assassment Pedagogical Content Knowledge Curricular
knowledge knowledge knowledge of students knowledge
(s X
, I
Topic-specific professional knowledge
Knowledge of instructional strategies, conient representalions,
student understandings, science practices, and habits of mind

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

I

Clasroom practice
Personal PCK/PCK&S !
knowledge, skil,and ~ «i»  Classroomcomiext g
™ R ] {eurriculum, etc.)
enactment !

Amplifiers and filters: student
beliefs, prior knowledge, behaviors

_| Student outcomes I-—

Figure 2.11Model of teacher professional knowledge and skaluding PCK and

influences on classroom practice and student owtsq@ess-Newsome, 2015, p.31)
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TPKB consists of assessment, content, studentdcaiar and pedagogical
knowledge. “Teachers are seen as the consumehssdfrtowledge as translated for
use in teacher education programs or professioeatldpment” (Gess-Newsome,
2015, p.32). It is a professional knowledge and awttent specific. It can also be
utilized to make assessments to decide what temckeow. In this model,
knowledge from TPKB informs and is informed by twgpecific professional
knowledge (TSPK). Gess-Newsome (2015) stated th&t bew category of
knowledge provides several things. First, it ma&bgious that content of teaching
happens at the topic level (e.g., gases, solutgtnyg, and not at the disciplinary level
(e.g., chemistry or science). Second, this knowdenigkes subject matter, pedagogy
and context. Third, it is acknowledged as publiowledge, or knowledge held by
the profession, letting it to presume a normatioke.r Contrary to the rest of the
model, these two knowledge bases (TPKB and TSP&)cantext free. Regarding
TSPK, it is not only topic-specific but also spéctio a learner developmental level
in most cases. TSPK requires deciding effectivéructional strategies; selecting
multiple representations; regulating content toliagti particular examples to
emphasize and construct overarching notions; cdmemson learners’
misconceptions; and knowing how science and engimg@ractices interact, cross-
setting concepts, and the nature of science ipia {&Gess-Newsome, 2015). TSPK
is similar to the knowledge that has been formarborporated within PCK except
an important difference. TSPK is not individual kiedge, is comparatively more
dynamic, and is more difficult to define definitebhccording to Gess-Newsome
(2015), “TSPK is canonical, generated by researcbest practice, and can have a
normative function in terms of what we want teashtr know about topic- and
context-specific instruction” (p.33). Furthermoecording to the TPK&S model,
teacher affect such as motivation, dissatisfactefficacy, or risk-taking makes a
contribution to teacher knowledge, skill and preetiTeacher affect can have an
effect on what a teacher learns and prefers toyappractice. In brief, these beliefs
and orientations function as amplifiers or filterléarning of teaching, and intervene

in teacher actions. Different from the other PCKdelqe.g., Magnusson et al., 1999),
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teacher orientations and beliefs are removed fr@K Rnd put as an amplifier or
filter for classroom practice in TPK&S model. Mowen, unique to this model, the
idea of pedagogical content knowledge and skillKRS) is defined as “...both a
knowledge base used in planning for and the dsflieétopic-specific instruction in
a very specific classroom context, and as a skiknminvolved in the act of teaching”
(Gess-Newsome, 2015, p.30). In the original conadation, PCK is the
implementation of knowledge to teaching. Howev&KRS model put emphasis on
what a teacher does in the classroom based on RI@r and skill. Two critical
points were obvious. First, a teacher’'s knowledgeua something does not imply
that it would be transformed into practice whenirigkthe teacher amplifiers and
filters into consideration. Second, even if a tegaiotices a proper instructional act,
s/he may not possess the skill to apply it effetyivin addition, student outcomes as
well as student amplifier and filters are specifeeglicitly in this model, which is
different from earlier models. It is pointed outathstudent amplifiers and filters
influence the results of outcome practices, becdemaing of students is not an
automatic result of the instruction. Student susdgsaffected by demographics (age,
gender, race, native language, ethnicity); intelige and working memory;
background knowledge and misconception; motivatseff;:regulation, ability to pay
attention; self-concept and goal-orientation; Heattutrition, and level of physical
activity; and school attendance. Finally, the TPK&®del has a repetitive and
dynamic nature. Student outcomes and classrooniggadiave an influential role in
informing further classroom practice, TSPK, and TiKB.

In conclusion, taking the long history of PCK irtkee consideration, it can be
inferred that PCK is an essential construct fochea education. While the teacher
education research base improves, PCK definitiond BCK models shows
important differences. After Shulman’s introductioof PCK, scholars have
elaborated and expanded the concept by addingexgrating different components,
particular labels or definitions of these composeittcan be concluded that there is
no universally accepted conceptualization of PCK.esfite numerous
conceptualizations of PCK with different componem®st researchers agreed on
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Shulman’s (1986) two PCK components which are kedgé of representations of
subject matter and understanding of specific legruiifficulties. Furthermore, there
appears to be an agreement on the many aspects afiature of PCK. In the
following part, the nature and characteristics GKPbased on the existing literature

is portrayed.
2.2. The Nature and Characteristics of PCK

First of all, a common view of PCK is that it iscatical element of teacher
knowledge, and is defined as a special combinaifotontent and pedagogy in the
minds of teachers for teaching a specific topicc&2005) stated that there is a big
difference between having knowledge about a tope, (content knowledge) and
knowledge about the teaching and learning of tbpict(i.e., pedagogical content
knowledge). Similarly, Cochran et al. (1991) argukdt it pertains to the way in
which teachers link their pedagogical knowledgedinthey know about teaching) to
their subject matter knowledge (what they know a@bebat they teach) for the
teaching of particular learners in a school contdixtis the integration or the
synthesis of teachers’ pedagogical knowledge aedt #ubject matter knowledge
that compose PCK (Cochran et al., 1991). Therefe@K is different from both
pedagogical knowledge and subject matter knowleB@X is both an external and
internal concept, because it is formed by whataaher knows, what a teacher does,
and the causes for the teacher’'s acts (Baxter &imedn, 1999). This particular
knowledge distinguishes teachers from subject mapecialist (Shulman, 1986;
Cochran et al.,, 1991; Magnusson et al., 1999). [llistiate, a chemistry teacher
differs from a chemist, not necessarily in the duabr quantity of their subject
matter knowledge, but in how that knowledge is fapa and utilized.

Moreover, although some of the PCK models thatscased fit Gess-
Newsome'’s integrative definition, PCK is commonglibved to be a transformation
rather than a blend of knowledge for the purposeeathing, coming from subject
matter knowledge, general pedagogical knowledge knowledge of context
(Grossman, 1990; Gess-Newsome, 1999; Magnussoi, et989). Even though
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Magnusson et al., (1999) represented PCK as aaepewnstruct, they underlined
that the boundaries between knowledge domains hmet rather than clear
distinctions. Figure 2.4 shows that each knowledimmain influences the
improvement of PCK. However, they stated that d&fieé knowledge domains might
unequally affect the improvement of PCK becausthefdiversities in the amount of
knowledge for each domain (see Figure 2.12). Is flgure, the size of the box
shows the amount of knowledge in a domain, and tthekness of the lines
connecting the domains represents their relativeash each other. For example,
Teacher A has much more subject matter knowledge the other two types of
knowledge. This may imply that his/her subject mraknowledge mostly influence
his/her improvement of PCK. On the other hand, beeaf Teacher B’s dominant
pedagogical knowledge, his/her PCK is influencecdharily by his/her pedagogical
knowledge. “These differences may mean that if éheschers taught the same
topics in the same educational context, they walddelop different pedagogical
content knowledge, but we would expect there toskmmificant overlap in the

knowledge developed by each” (Magnusson et al.9,199118).
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Figure 2.12 A model illustrating differential influences ofd@ldevelopment of PCK

for two hypothetical teachers (Magnusson et aR919.119)

It should also be stressed that adequate subjettermienowledge is a
prerequisite for PCK development (Van Driel, Vepo®e Vos, 1998; Abell, 2007,
Kind, 2009). Van Driel et al. (1998) emphasizedt tha understanding of subject
matter acts as a prerequisite, leading the growtRGK. Likewise, subject matter
knowledge is a critical factor for the developmehPCK (Nilsson, 2008). However,
Lee et al. (2007) pointed out that strong subjecttten knowledge does not
necessarily lead to the PCK growth. Similarly, Maggon et al. (1999) stated that

Despite this claim of the dependence of the deveéoy of this aspect of

pedagogical content knowledge on subject mattewladge, we caution an

inference that teachers will necessarily develogirdd pedagogical content
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knowledge if they have sufficient subject matteowtedge. In other words,

having subject matter knowledge does not guaratitae it will become

transformed into representations that will helpdstuts comprehend targeted
concepts or that teachers will be adept at decidihgn it is pedagogically

best to use particular representations (p.112).

Furthermore, PCK is subject-specific, topic- spegifeacher- specific, and
context-specific (Kind, 2009). Similarly, Magnussenal. (1999) acknowledged that
PCK development is influenced by the nature ofttpec, the context in which the
topic is taught, and teachers’ reflection uponrtheaching. Cochran et al. (1991)
concluded that “...pedagogical content knowledgeigblly specific to the concepts
being taught, is much more than just subject mdtteywledge alone” (p.10).
Likewise, Magnusson et al. (1999) mentioned thaheaomponent of PCK shows
that there are different types of subject-speqgifediagogical knowledge that are
utilized in teaching science. For each componeathiers have particular knowledge
differentiated by the topic. Teachers should imprtwir knowledge not only for all
of the aspects of pedagogical content knowledgealse for all of the topics they
teach (Magnusson et al., 1999).

Even though both Shulman (1986) and Magnusson.etl8b9) adverted
subject-specific and topic-specific pedagogical teoh knowledge, they did not
explain what they explicitty mean and the differertzetween them. Subsequently,
Veal and MaKinster (1999) developed a hierarchimcatlel beginning from general
PCK and ending with topic-specific PCK. Topic-sfiecPCK is the most specific
level of their model, which means that a teacheukh possess different PCK for
various topics. For instance, a science teach®CK can be general and involve
several content areas (general science), be spezifine discipline (e.g., chemistry,
physics), or it can be specific to a topic (e.g@wpr, chemical equilibrium) Veal and
MaKinster (1999).

PCK is also influenced by teachers’ own belief egst (Fernandez-Balboa &
Stiehl, 1995). Morine-Dershimer and Kent (1999)oalsighlighted the role of
personal beliefs and perceptions of teaching aachieg in developing and shaping
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PCK. Similarly, Magnusson et al. (1999) acknowlatigleat teachers’ knowledge
and beliefs behave as filters through which thegpneao comprehend the PCK
components. These understandings regulate howaoeeponent of PCK is used in
classroom teaching. Just like learners’ existingvkdedge and beliefs function as the
initial point for their learning, teachers’ knowlpeland beliefs are essential resources
and circumstances on change (Magnusson et al.).1999

Park and Oliver (2008a) argued that teacher efficane of the personal
beliefs, emerged as an affective affiliate of PCi¢dad on their results of the study.
They stated that it is plausible to view teachdéicaty as a component of teachers’
knowledge, since it has an important role in idgimtg problems and deciding
teaching strategies to solve the problems. Thay atslerlined that teacher efficacy
is a specific rather than a general prospect. fHatire is consistent with the domain
and topic-specific nature of PCK. Likewise, Geswileme (2015) underlined the
role of teacher beliefs which intervenes teachépmas. Therefore, they put teacher
beliefs with orientations as an amplifier or filtlr classroom practice in TPK&S
model.

Additionally, PCK demonstrates a dynamic nature,static, and so teachers
can improve their PCK over time (Kind, 2009; FemenBalboa & Stiehl, 1995).
According to Kind (2009), “that teachers’ knowledgan develop over time and
change in response to different schools/educatiseitings, students, resources and
curricula is a reasonable point for a model to #tdgp190). Similarly, Nilsson and
Loughran (2011) stated that the improvement of Pi€Kan evidently complex
process decided by the content, the context, aawhéz reflection on his/her teaching
experiences. Grossman (1990) identified four saufoe the development of PCK;
namely, apprenticeship of observation, disciplindsgckground, professional
coursework and learning from experience. Apprestigeof observation contributes
to PCK in several ways. For instance, preservieehers’ own experiences about
memories of strategies for teaching a particulancept may influence their
knowledge of instructional strategies. “Teachersdwledge of the content becomes
confounded with their knowledge of instructionalgtgies, since what prospective
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teachers learned is tied to how they were taugbtbgsman, 1990, p.10). In addition,
preservice teachers’ own experiences about thirasts and abilities as students in
a particular subject may inform their knowledgestifdent understanding. Similarly,
apprenticeship of observation may also contribatpreservice teachers’ knowledge
of curriculum, because they are subject to tomeguences among them at a grade
level, and curricular materials. Disciplinary baakgnd can contribute to subject
matter knowledge as well as knowledge of curriculémofessional coursework also
contributes PCK development (Grossman, 1990). Bsajaal coursework helps
learners gain knowledge of teaching specific subjeatter (i.e., subject-specific
methods) (Grossman, 1990). As being the last, sgacbbtained PCK from their
actual classroom experience (Grossman, 1990). Trepaxperience supplies the
opportunity for prospective teachers to check dkerknowledge they have obtained
from other sources in the classroom (Grossman, )1996F instance, by working
with learners, teachers learn about their diffieslt prerequisite knowledge or
misconceptions about a specific topic, and alsornleavhich strategies,
representations or activities work well for teachspecific topics (Grossman, 1990).
From this point of view, many researchers attriduteaching experience as the
primary source of PCK development (Van Driel et 2002; Van Driel et al., 2001;
Van Driel et al., 1998, Grossman, 1990; Magnusstnal., 1999). For instance,
Cochran et al. (1991) believed that PCK improvedinme as a consequence of
classroom experience with many learners. They dweavmodels to represent the
difference between the novice and experienced &scRCK (see Figures 2.13 and
2.14).
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Figure 2.13PCK model for the novice teacheigure 2.14PCK model for the
experienced teacher (Cochran et al., 1991, p.22-23)

The four components of PCK in these models werebéerd as circles
broadening with experience. The growth of PCK wasws with the dark arrows
and enlarging core of the model from beginning xpegienced teacher. Similarly,
Gess-Newsome (1999) argued that teaching experieansolidates the growth,
selecting, and use of PCK. On the other hand, akseholars opposed that teaching
experience alone may not lead necessarily to roR@&K (Leite et al., 2005;
Friedrichsen et al., 2009). It takes long time todn expert and one may not be
successful at the end (Kind, 2009). While this delwas been going on, it should be
stressed that, unfortunately, there has been fe®areh of the ways how PCK
develops over time.

Finally, science educators agree that PCK is mben tthe sum of its
components. Teachers not only possess all PCK coemp® but also integrate them
while planning and carrying out instruction (Ab&lD08). In this respect, the degree
of the interaction and harmony among the componaste/ell as the existence of
each component indicate the level of a teacher& RFRark & Oliver, 2008a;
Friedrichsen et al., 2009). The suitable interaxstiamong PCK components may be
the most critical element for teaching successn@&miez-Balboa & Stiehli, 1995).
Park and Oliver (2008a) acknowledged that teachsdteuld integrate PCK
components and enact them within a given contexiafo effective teaching. The

interplay of the components is carried out by meahshe complementary and
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ongoing modification via both reflection-in-acticand reflection-on-action. This

refers that the development of a teacher's PCKutjmoreflection strengthens the
consistency among the PCK components (Park & QIR@08a). This strengthening
consolidates their interactions, which in ordeabates the development in PCK and
further changes in practice (Park & Oliver, 2008dpwever, if a teacher cannot
integrate the components coherently into his/helK,Rgevelopment within a single

component may not be sufficient to develop PCK.

The interactions among different PCK componentsidboccur as a linear
process; instead, multiple choices may appear samebusly (Fernandez-Balboa &
Stiehl, 1995). In order to comprehend the naturthefPCK growth, it is important
to understand how PCK components connect and ha&wv tonnections affect
teaching (Park & Chen, 2012). However, little effoas been paid to resolve the
complex nature of interactions of PCK componentsKR Chen, 2012). In order to
open a fruitful avenue for investigating how PCKmgmnents are related to each
other, in the next part, research focusing on jpdégr among PCK components was

reviewed.

2.3. Research on Interplay among PCK components

Although given the importance of the conceptuaiaradf PCK, few scholars
consider how the components interact during plap@nd enacting of teaching a
specific topic (e.g., Grossman, 1990; Fernandebdal& Stiehl, 1995). Grossman
(1990) initially emphasized that there is no cléiatinction among PCK components
in practice in contrast to in theory. Then, Cochearal., (1991) viewed PCK as the
transformation of four areas of knowledge (knowkedgf students, content,
pedagogy, and environmental context), and emphdgizat these areas should be
considered integrated and interrelated. In a simuig#n, Fernandez-Balboa and Stiehl
(1995) argued that “...it is not the separate exebut rather the intersection and
rightful integration of all these PCK componentattitomprises good teaching”
(p.294). They added that because of integrativaraeaif PCK, development of any

PCK components will also advance PCK as a wholeaddition, the suitable
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integration among PCK components might be the nmapbrtant factor for their
successful teaching (Fernandez-Balboa &Stiehl, 198&agnusson et al. (1999) also
reported that it is essential to understand howctimeponents interact and how their
interaction influence teaching. They also added thek of coherence among the
components can be problematic in enhancing andinglPCK.

Even though acknowledging that the different congme of PCK may
interact in highly complex ways, up to now, few eashers have empirically
examined the interactions among PCK componentspamgbsed some models that
depict the relations among the components. Onbeoattempts (Henze et al., 2008)
focused on PCK development of nine experiencednseideachers in terms of
relations among knowledge of goals and objectivesthie curriculum, learner,
assessment, and instructional strategy componerds @ period of three years.
Teachers taught “Models of the Solar System anduthigerse” topic in a new
science subject, Public Understanding of ScienddS@. The data collection
included semi-structured interview held in threbsgquent years. As a result of the
analysis of interviews, two qualitatively differetypes of PCK (Type A and Type B)
including different types of relations emerged. Whiype A was identified as
oriented towards model content, Type B was desdrdee oriented towards model
content, model production, and thinking about tlaure of models. The results
revealed that all participants showed a developriretheir initial PCK over time
and the developments of two types of PCK were tatalely different in terms of
interactions among the four components. In typeh&, development of teachers’
knowledge about instructional strategies was ctarsiswith their knowledge of
goals and objectives in the curriculum and was edtated to knowledge of learner.
Moreover, teachers’ developing knowledge of leames associated with their
knowledge of assessment. In addition, knowledgaseéssment was consistent with
their knowledge about instructional strategies. Tteachers’ knowledge of
instruction methods improved greatly over time; bwer, their knowledge of
assessment did not extend substantially. The autboncluded that some of the

components of PCK (particularly knowledge of instronal strategies) developed
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much more substantially, but the interplay amoremtiwas rather stable. In type B,
the development of the teachers’ knowledge of uasimnal strategies was consistent
with their knowledge of goal and objectives, ansbahssociated to their knowledge
of learner. The growth of knowledge of learner vessociated to the teachers’
knowledge of instructional strategies and of assess$. In addition, teachers’
knowledge of assessment usually improved when teawledge of learner and
instructional strategies developed. Taking intosideration the differences between
their knowledge about instructional strategies anaient understanding, it may be
suggested that teacher-directed pedagogical persgedor Type A, and more or
less student-directed pedagogical perspectivesTigre B (Henze et al., 2008).
Similarly, Park and Oliver (2008a) concluded theddhers’ knowledge of students’
misconceptions had an important role in shaping P@HKrticularly, teachers’
knowledge of students’ misconceptions significamtifuenced their knowledge of
instructional strategies and assessment.

In a quantitative research, Kaya (2009) examinéatiomships among PCK
components of preservice science teachers witl@ridpic of ozone layer depletion.
The PCK includes subject matter knowledge, and gagiaal knowledge consisting
of knowledge of curriculum, students’ learning iffities, instructional strategies,
and assessment. An open-ended survey was firgedppl 216 preservice teachers,
and then they were classified as high, average |@amahbility groups based on the
level of their subject matter knowledge in the syrvFrom these three groups, 75
preservice teachers were randomly selected andviemesed to investigate their
pedagogical knowledge, the inter-relationships antich-relationships among PCK
components in ozone layer depletion topic. Theareseer prepared a scoring rubric
and evaluated preservice teachers PCK componentp@®priate (3.5 points),
plausible (one point), and naive (zero point) bagedheir responses to the open-
ended survey and interview questions. Pearson ptadament correlation
coefficient was used to investigate both intra- amer-relationship among PCK
components. Multivariate analysis of variance (MAXK) was used to examine the
effect of the level of preservice teachers’ subjewatter knowledge on their
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pedagogical knowledge and its components. Reshitsvexd that there was a
significant inter-relationship between preservieachers’ subject matter knowledge
and pedagogical knowledge including all of its comgnts (r=0.77, p<.0001). In
other words, preservice teachers with strong stbjestter knowledge had more
appropriate pedagogical knowledge, while preservezchers with low subject
matter knowledge had more naive pedagogical knayadetl was also found that the
correlation between subject matter knowledge arak@dge of assessment was not
as strong as the relationships between subjecematowledge and knowledge of
curriculum, learner, and instructional strategiRegarding to the intra-relationships
among pedagogical components (knowledge of cutmoulinstructional strategy,
learner, and assessment), there were also sigttifoessitive correlations, except for
the interactions between knowledge of assessmahtodrer components (p>.05).
The intra-relationships were generally moderate ragrihe pedagogical knowledge
components, except for knowledge of assessment KZ309) argued that whatever
the level of preservice teachers’ subject mattes, waeir ways of assessment were
traditional rather than authentic. He claimed thraservice teachers considered that
instruction and assessment are distinct elemergtedad of partners, and they
generally use traditional assessment only for gagiurpose. According to Kaya
(2009), this finding might be caused by presert@xchers’ experiences they gained
during teacher education programs in Turkey sihe# ttonceptual comprehension,
specifically in science courses, have usually begsessed by traditional methods.
Thus, he recommended additional courses for scieggeher education programs
which cover all components of pedagogical knowledge

Similarly, Padilla and Van Driel (2011) analyzece thelationships among
PCK components of six university professors whocheguantum chemistry at
undergraduate level. First, the interview data veeralyzed qualitatively. In order to
develop a coding scheme, they used both compowémisgnusson’s PCK model
and some new components developed by the authoirstdrpreting the content of
the fragments of each interview. Then, this codicigeme was used for analyzing all
interview data. They assigned codes to each fragfn@m 1 to 4. After that, they
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studied the relative frequencies of each sub-compiom the interviews, giving it a
value each time it was repeated in particular fragi;u The PRINCALS
methodology, a quantitative technique, was usddentify the relationships among
different sub-components for each professor. Relatips were found between
orientations to teaching science and instructicstehtegies as well as between
learner and curriculum components. In additionardong the orientation component
which was not contained in the study of Kaya (20@Bg participants possessed
similar orientations (didactic and academic rig@h the other hand, knowledge of
assessment is much less taken into considerabompared to knowledge of learner,
instructional strategies and curriculum, similarkaya (2009). They claimed that
evaluating the learners’ comprehension of quantdramistry concepts is very
difficult and for that reason it needs differents@ssment strategies instead of
traditional examinations.

Recently, a different methodology- the PCK Map apph- has been
employed by Park and Chen (2012), in order to eeploe nature of the integration
of the five PCK components of four biology teachansthe topics of photosynthesis
and heredity. They utilized a basic qualitativedgtwesign. Data were gathered
through non-participant classroom observations,i-stémctured interviews, lesson
plans, instructional materials, and students’ waamples. This study was
conceptually and analytically grounded in the pgotamodel, which identifies PCK
as interplay of the five PCK components (Park &véitj 2008a; 2008b). Actually,
Magnusson et al. (1999) presented the same fivgpooants, but in a linear way.
Data were analyzed through three approaches. Hikstepth analysis of explicit
PCK was utilized to identify teaching segments Whicluded integrations of two
or more PCK components in the pentagon model. Bhieg segment, called PCK
episode, contained two or more PCK components. FB& episode reflected
teachers’ and students’ role, which components@K Rvere integrated in the PCK
episode, and evidence of the presence of the coemp®ndesignated. Then,
enumerative approach was used to construct PCK ,naampanalytic device, which
indicated the connections among the componentg ubm pentagon model. In the
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PCK Map, they assumed the same strength of 1 foh diak; therefore, the
frequency of each link demonstrated the strengttheflink. The frequency of the
link between any two PCK components was assemlaexss all PCK episodes and
it was represented in the PCK Map. The higher tbguency of the link become, the
stronger the link is. Last, with constant-compa®atimethod, considering the
interplay of PCK components, they attempted to miisg@ common patterns that
emerged from the data without using any prior caieg or framework. Their
analysis of the PCK maps showed five features ef ititerplays among PCK
components. First, the interplays among the commpsneere idiosyncratic and
topic-specific. Although the participants taughte tkame topic with the same
instructional materials, their PCK maps showededéhces. The participants had
more highly structured PCK maps for photosynthesian heredity. Second,
knowledge of learner and instructional strategiemmonents were central in the
interplays and were important in shaping the stmectof PCK maps. Third,
knowledge of curriculum had the most limited redag with other components.
Fourth, assessment component was more frequentigected with learner and
instructional strategies components than with ttleerocomponents. This implied
that the teachers utilized the assessment witdeaand instructional strategies,
which are important elements of teaching. FinatBachers’ didactic orientation
directed their instructional strategies by prevantiits interaction with other
components. In addition, theoretical and empirmatributions, this research also
made a contribution to methodology by using PCK snas a tool to identify
interactions among PCK components explicitly.

By using Park and Chen’s (2012) methodologicalre@gh, Aydin and Boz
(2013) carried out a research to identify the retethips among PCK components of
two experienced chemistry teachers’ teaching oftedehemical cells and redox
reactions. In this qualitative case study, dataewasllected through card-sorting
activity, CoRe, observation, field notes and semiesured post-observation
interviews. Similar to Park and Chen (2012), théata analysis was based on
pentagon PCK model (Park & Oliver, 2008b) and thelyzed in-depth analysis of

48



explicit PCK, enumerative and constant-comparatpproaches. Different from
Park and Chen (2012), in the enumerative apprdhely,developed a scoring rubric
to grade interplays based on their quality andulsess for students’ learning. While
Park and Chen (2012) assumed the same strengthoofehch link, the authors of
this study used a rubric ranging from 1 to 3 fag #trength of each link. Findings
showed that more interplays were observed in @elsémical cells topic than redox
reactions. In addition to patterns (i.e., topicesfye and idiosyncratic nature of PCK,
critical role of orientations on instructional dgoins) concluded by Park and Chen
(2012), new features of the interplays were propdsethe authors of this study. For
instance, they concluded that nature of the intemra differed based on their
complexity. In other words, some of the interplaysre so complicated including
more than two components, while others were so Isinipurthermore, integrations
had diverse parts such as understanding, decisaimg enactment and reflection.
Park and Oliver (2008a) concluded that PCK includeih teachers’ understanding
of how to teach subject matter knowledge effecyivahd the enactment of their
understanding. However, the findings of this studdicated the steps in the
integrations among PCK components (Aydin & Boz, 201IThe first step is to
understand a difficulty/misconception/problem. Them order to overcome the
difficulty/misconception/problem, an instructiorddcision is taken through the filter
of science teaching orientations. After the enaotéthe instructional decision, the
teacher reflects on the decision and whether is@sstudents to comprehend and
address the problems or not. When these stepsexamined, it was easily seen that
knowledge of learner and curriculum had a critrcdé in diagnosing the difficulty or
problem that students faced. Science teachingtatiens directed their decisions of
instructional strategies. In the enactment stepwkedge of instructional strategies
and assessment had the main role.

Another attempt to investigate the interaction IbP&LK components (Aydin
et al.,, 2015) focused on how interactions amongsegikece teachers’ PCK
components enhanced throughout a CoRe-based mmgp@rriched practicum
course and the nature of those interactions. Bigbalitative research, they observed
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three preservice chemistry teachers’ teaching t& od reaction. Data collection
sources included CoRes and semi-structured int@svieom their previous study. In
this study, a secondary analysis was conductedilb@seesearchers’ previous study
with a new research question. To analyze data, die@umethod, content analysis
and constant comparative method were utilized. Dieimethod was conducted to
identify participants’ science teaching orientatidrased on Magnusson et al. (1999)
PCK model. Then, they defined categories whicheotfld two-way interactions
among components in pentagon PCK model (Park &eBli2008a). By applying
content analysis, they examined the data to idemnltié interactions among PCK
components in participants’ teaching segments,lainio Park and Chen’s (2012)
approach. After that, they drew pre- and post- P@Eps to visualize these
interactions and count the frequencies of the autBons in order to understand how
the interplay among preservice teachers’ PCK cormapbueveloped through the
CoRe-based mentoring-enriched practicum course.allizin with constant-
comparative method, they compared pre- and post R@is and reached four
common patterns among the interactions of PCK compis. First, interactions
among PCK components moved from fragmented to @ iméegrated one at the end
of the practicum course. Initially, preservice tears could not use all PCK
components coherently, because the pre-maps iedicaissing and more infrequent
links among the components than post-maps. Thay sence teaching orientation,
learner and instructional strategies component®rfreguently than assessment and
curriculum components. However, the post-maps stawat the participants were
able to use and connect all the components atriitieokthe course. Second, it was
found that the development of interactions was sSgnoratic, particularly in
interactions of curriculum and science teachingerdations with the other
components, which was a significant contribution the PCK literature. They
discussed that the idiosyncratic nature of devekiramong the components might
stem from the person-specific nature of PCK. Thitde most remarkable
development was observed between curriculum aner atbmponents, which may

stem from the explicit consideration of curriculwaring the course enriched with

50



CoRes and educative mentoring. Finally assessnmnpanent was not connected
with instructional strategies in any map. This niigke due to the limited reflection
opportunities, and their didactic orientation intifly the interaction between
assessment and instructional strategy componentlir{&t al., 2015).

Different from the previous studies, Demipdin (2016) explores the
complexities of how preservice teachers’ scienaehimg orientations interplay with
other PCK components utilizing Friedrichsen etsa{2011) orientation model and
Magnusson et al.’s (1999) PCK model. In this gaéire study, the data were
collected from 8 preservice science teachers thrdigRes, responses to an open-
ended instrument, and semi-structured interviewsdudtive analysis was used to
analyze participants’ orientation and other PCK ponents. Then, constant-
comparative method was used to analyze the interascbetween orientation and
other PCK components. The data analysis yieldedj@mthemes. First, a teacher’s
purpose for science teaching determined the iragrpétween PCK components. For
instance, only content-related purposes had irierec with all other PCK
components, while purposes of everyday coping armahsfic skill development had
the interactions with curriculum, instructionalag&rgies and assessment components.
Second, preservice teachers’ beliefs about natuseience (NOS) did not directly
interact with their PCK, unless those beliefs wartieed directly with the purposes of
teaching science. They did not undertake to ted0® Nnless their beliefs about the
NOS were connected with their purposes. Third,efelabout science teaching and
learning had the most interactions with knowledd@enstructional strategies. The
findings of this study have valuable implicationgérms of discovering how the gap
between orientation and other PCK components cditidxin.

It seems that science teacher educators have ceuheonsensus that for an
effective teaching and a well-developed PCK, teetshould have all the PCK
components integrated together. These previousestughened a fruitful door to the
understanding of how PCK components interact wattheother. Still, it reveals the
need for research on the designation of the compsribe teachers commonly lack
or have, and the difficulty of connecting with attmponents for specific topics

51



(Park & Chen, 2012). Additionally, there is muchke learned about how PCK is
structured for teaching different topics within teme discipline (Abell, 2008), and
how PCK and the interactions among the componemrtddferent for beginning
versus experienced teachers (Park & Chen, 2012hidrirespect, this present study
fills in the gaps in the literature.

2.4. Research on how teaching experience is relatedRCK development

While science educators accepted that PCK is aroritapt knowledge
domain for science teachers, they have not reaaheshsensus on how it grows.
One of the most controversial issues among scieemehers has been the role of
teaching experience in the development of PCK. Maesearchers considered
teaching experience as the primary source of PGKldpment (Van Driel et al.,
2002; Van Driel et al., 1998, Grossman, 1990; Magou, et al., 1999; Van Driel et
al., 2001). For instance, Nilsson (2008) emphasthatl “Student-teachers’ lack of
classroom teaching experience must inevitably erfbe what their PCK might look
like compared with that of experienced sciencehltee’ (p.1284). On the other hand,
the other researchers emphasized that teachingriempe alone does not lead
necessarily to robust PCK (Leite, et al., 2005¢eéhichsen et al., 2009, Kind, 2009).
To illustrate, Kind (2009) argued that the procesiansition to expert takes a long
time and one may not be successful at the end.

Relatively few investigations have compared andtrested PCK among
teachers with teaching experience and those ladkimching experience to bring out
the role of teaching experience in the developnoéfmCK. Some studies concluded
that there were differences between individual$wataching experience and those
lacking teaching experience. One such studies wasiucted by Clermont et al.
(1994), who compared novice and experienced chgmisachers’ PCK in
conducting chemical demonstrations as an instnuatistrategy for teaching density
and air pressure. The participants of this studyewseven novice teachers with
minimal experience in conducting chemical demotisina and five experienced

teachers with much more experience in conductingmital demonstrations in
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classrooms. The collection of data involved clihicaterviews and videotape
materials to probe PCK of teachers. Qualitative apudntitative comparisons
between two groups put forward that the experientsmthers had a greater
repertoire of chemical demonstrations for teacldagsity and air pressure than the
novice teachers. In addition, the experienced tachaid much more attention to
the variations in the chemical demonstrations theserved and explained them in a
more detailed way than did the novice teachers. &tperienced teachers realized
much more the students’ difficulties and the sosirokthese difficulties, and knew
the ways of addressing them than the novice teachid&e experienced teachers, in
contrast to the novices, were more familiar withe tbomplexity of chemical
demonstrations, equipment and setup, how theselewitigs might inhibit learning,
and how simplified variations of chemical demontsbras could improve learning of
concepts. The experienced teachers supplied muate méormation about the
alternative demonstrations they discussed for eackept than the novice teachers.
As a conclusion, the findings of this study indexhthat the experienced teachers’
PCK of how to demonstrate chemistry concepts weonehmbroader than that of
novices.

Another comparative research was conducted by ®edlKubasko (2003).
They explored geology and biology teachers’ PCkewdlution which is a common
topic in both domains of science. In this case\stigsign, they tried to comprehend
how and why 12 secondary preservice and in-set@aehers’ from the biological
and geological science disciplines differ in teaghevolution. They collected the
data through classroom observations, semi-strudttureerviews, field notes, and
unstructured conversations with teachers. Conteralyaes revealed that both
preservice biology and geology teachers taughtutieol very didactically because
of their lack of knowledge of learners’ backgrowardl topic-specific activities, labs,
and analogies. For instance, the preservice gedieaghers used few analogies or
activities than experienced teachers. On the dtlaed, the experienced teachers,

especially the biology teachers created a moreudsson environment to make

53



interpretations of evolution with their studentanihdid the preservice teachers. This
might be attributed to teaching experience and PCK.

In a similar study, Mohlouoa, Rollnick, and Oyo®13) explored the role of
experience in the improvement of PCK by comparivg physics teachers’ PCK
with different levels of teaching experience. Twachers, with 19 and three years of
teaching experiences, taught the same topic, reiilidg. In this qualitative case
study design, CoRe, semi-structured interviews, eladsroom observations were
used to portray the teachers’ PCK for teaching oactivity. Analysis of data
indicated that both teachers possessed some simiws about teaching
radioactivity; but their ways of teaching this toghowed differences. According to
CoRe analysis, the content each teacher aimed aich tedifficulties related to
teaching this topic and some instructional str&egihe teachers used showed
differences. Specifically, the experienced teadisd much more knowledge about
student difficulties in this topic than the begmgiteacher, which is similar to the
findings of Clermont et al. (1994). This result bie attributed to his level of
teaching experience because he confronted with safiribese difficulties in the
previous years of his teaching profession.

Different from the previous studies, some reseasclegamined preservice
and beginning science teachers’ PCK and its dewsdop in their early career for
teaching profession. In a study conducted by Leal.ef2007), beginning teachers’
PCK and its enhancement during the first year & ¢lassroom was investigated.
Participants of this study were 24 secondary seidreginning teachers who were
enrolled in four different induction groups-mentoring(beginning teachers were
offered online mentoring with each other and exgexed teachers)general
(beginning teachers worked with experienced teaclhera traditional mentoring
program); intern (teachers did not have any certification or préaser teacher
education, but they were monitored by their menitotie certification process); and
science specifi(teachers concentrated on science-specific prafiessdevelopment,
consisting of in-field mentor assignments). Pred post-interviews were conducted
and participants’ teaching practice was observad tomes. In order to assess
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beginning teachers’ PCK, the researchers improvedbac focused only on two
PCK components: knowledge of learner and knowleafgmstructional strategies.
Then, they analyzed the interviews and observatiata by using this PCK rubric
which included three levels of proficiency: limitdobsic, and proficient. Then, they
conducted Kruskal-Wallis test to analyze the variet in PCK among four induction
groups of beginning teachers. Finally, Wilcoxomsid-ranks test was applied to find
the change of the teachers’ particular PCK compisnesing the pre- and post-test
data. Results showed that 24 beginning teachersepssd limited or basic PCK
levels. Descriptive analysis of pre-test data iathd that 76% of teachers were in the
limited level and 24% of them were in the basicelewhile descriptive analysis of
post-test data showed that 65% of them were itirtieed level, 34% of them were
in the basic level, and 1% of them in the profitivel. Moreover, Kruskal-Wallis
test revealed that there was no statistically figant difference in PCK levels of
various induction groups (H (4, N=24) = 2.89, p3.4Bhe Wilcoxon signed-ranks
test showed that knowledge of learner with threlecategories (prior knowledge,
variations in students’ approaches to learning, sindents’ difficulties with specific
science concepts) had a statistically significamange. On the other hand, the
change in knowledge of instructional strategieshwito subcategories (scientific
inquiry and representations) was not statisticsiliyificant. They concluded that the
beginning science teachers possessed a limited IB@K in spite of their science
backgrounds. In other words, a robust science Waokg does not ensure an
adequate level of PCK. For instance, beginningheesc with advanced science
degrees, had lack of knowledge about adjustinyiie8 and materials according to
the students’ needs and observing students’ legirhiee et al. (2007) thought that
PCK develops over time through teaching experiefberefore, they suggested that
coursework in preservice programs should includense methods courses or
courses focusing on classroom experience instepsioéontent coursework.

Brown, Friedrichsen, and Abell (2013) examined héwr prospective
secondary biology teachers’ science teaching atiemts, knowledge of instructional
sequence and knowledge of learner, improved thmuigla post-baccalaureate
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science teacher preparation program (STEP). In phcgram, all participants
enrolled in a concentrated, 8-week summer blocktoéductory education courses,
and also they were teaching interns at partner batools (20 h per week), and
attended extra campus-based coursework, consisfintfiree Secondary Science
Methods courses. This study was a longitudinal tiplal case study and the data was
collected during the first three semesters of fiisgram. First, by using lesson-
planning task for documenting incoming PCK, papidrits designed two 50-min
lessons to teach"&yraders. Then, follow-up semi-structured intendemere carried
out with all prospective teachers. A second-in@miat the end of the first summer
of the program, was conducted to let the partidgpanake revision, reflection on,
and modification of their first lesson plan takimgo consideration what they have
learned in their summer coursework. Then, for ezdhe fall and spring semesters,
they conducted two interview-observation cycles{pbservation interviews, two
sequence days of field observations, and two s#tadtrecall interviews) along with
the teachers’ internships in local schools to doenintheir PCK development. After
coding the data by using qualitative data analgsifware, NVivo 7 based on
Magnusson et al.’'s some PCK components, they coadu cross-case analysis of
all participants to see the emerging patterns drames. They found that the
participants’ strongly held orientations to scierteaching were based on their
experiences as students and other background ewrpes. Their existing
orientations were solid and resistant to changeutjitout the yearlong teacher
preparation program. Moreover, the results showett s the teachers gained
teaching experience, they improved a growing aweserof learners’ difficulties,
and broadened their knowledge of the requiremehtkearning, which was also
concluded by Lee et al. (2007). In addition, alurfoteachers’ knowledge of
instructional strategies increased during thedalll spring semesters. Although the
teachers improved additional instructional stragegall of them continued to believe
that teaching and learning occur when the teachasmit new terms and concepts to
learners through ‘inform’ types of instruction. Farstance, they learned and

designed 5E instructional sequence in science rdetborses, but they were unable

56



to implement the 5E model in their internship ctassns. Furthermore, the teachers’
growing knowledge of students’ understanding argtrirctional strategies nearly
aligned with their orientations. They observed ttia teachers’ science teaching
orientations directly influenced the interactionvieen knowledge of instructional
strategies and learners. They concluded that whesepvice teachers obtained more
experience and knowledge, the interplay betweenwledge of learner and
instructional strategies developed. Similarly, Variel et al. (2002) conducted a
qualitative study to investigate the role of teaghexperience in the PCK growth.
They worked with 12 preservice chemistry teach&ne data were collected through
two written questionnaire, interviews, and an augicording of a workshop session
in the teacher education program. They concluded tihe growth of PCK was
affected mostly by the teaching experience of prese teachers, which is similar to
the findings of Brown et al. (2013).

The study conducted by Lee and Luft (2008) wasedkffit from the other
studies, since they examined PCK from the perspecti teacher. With a case-study
design, they looked at how science teachers comakpgd their own PCK.
Specifically, they tried to depict PCK of four exjgmced secondary science teachers.
The data were gathered over 24-month period, dimgisof semi-structured
interviews, classroom observations, lesson pladsnaonthly reflective summaries.
The aim of the first interview was to collect biaghical information. The second
interview was conducted after teaching with the ainclarification of the observed
teaching, and understanding the teachers’ perceptabout the knowledge for
teaching science. In the last interview, teachersttucted a diagram showing PCK
components and elements through card sort taskscandept mapping. In the
interview, the relationships among the componeritPGK were asked to the
teachers. After coding the data with open, axial amlective coding procedures,
constant-comparative analysis was conducted. Tlehérs designated seven
components of PCK as fundamental areas in scieaahing; namely, knowledge of
science, knowledge of goals, knowledge of studekt®wledge of curriculum
organization, knowledge of teaching, knowledge sdessment, and knowledge of
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resources. The teachers also articulated that t@sponents were interwoven and
influenced each other in different ways. For alitiggpants, knowledge of science, a
strong science background, was the primary knovedolgse for teaching science.
The teachers also emphasized that these knowlgdge were improved over years
of teaching experience and with participation inrketops. Moreover, this research
proposed that knowledge of resources should be iexanio decide whether it may
be another component of PCK, because all teachHersivledge of resources
influenced their curriculum organization, selectminteaching strategies, and use of
assessments.

On the other hand, some studies concluded that there only few
differences between individuals with teaching elgere and those lacking teaching
experience. For example, Friedrichsen et al. (208@npared individuals with
teaching experience to those lacking teaching éxpes in Alternative Certification
Program (ACP). In order to compare the prior knalgke between the groups
(interns and full-time teachers), two interns withteaching experience and two full-
time teachers with 2 years of high school biologgching experience were selected.
As a data collection tool, they utilized Lesson faration Method in which the
participants prepared their lesson plans to teleteritable variation concept. This
tool also enabled the researchers to elicit theggaeints’ PCK. After conducting this
method, the participants were interviewed about fleeson plan to elicit the details
of plan in terms of what the teacher and the stisddi in each part of the lesson,
their PCK components and sources of their PCK. Bplyang NVivo qualitative
research software, they first coded the lessonspdema interview data according to
the Magnusson et al. (1999) PCK components. Thieey toded the data to
distinguish cases of discipline-specific PCK fraopit-specific PCK based on Veal
and MaKinster’'s (1999) PCK taxonomy and the worlDafvis and Krajcik (2005).
The authors put forward two assertions. The fissestion was that while designing
their lesson plans, both teachers and interns gsedral pedagogical knowledge,
rather than topic-specific PCK for teaching helgabariation. To illustrate, all

participants held didactic orientations and viewe&shching as transmitting
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knowledge to the learners. The participants ladkealvledge of learner. Although
teachers and interns foresaw that students mighd¢ kame prior knowledge about
genetic variations, they could not make use of Kmewledge while teaching. In
addition, the interns thought that the studentsldvaot have any difficulty with their
lessons, whereas the teachers, based on theirirtgagkperience, stated that the
students might have some difficulties with the ¢ess However, the teachers
designated more general students’ difficulties .(eapstractness or terminology),
rather than topic-specific students’ difficultiegthin genetics concepts. None of the
participants was knowledgeable about students’ commisconceptions within the
topic. Moreover, both groups had limited knowleadenstructional strategies, and
relied primarily on their general pedagogical knegge. Both groups designed their
plans with the same teaching sequence includingp# guestioning period, lecture
and guided practice. The researcher found only éxamples of topic-specific
instructional strategies (e.g., use of Punnett ®f)a Pertaining to curriculum
knowledge, the interns viewed curriculum as a teskbwhereas the teachers had a
broader view of curriculum involving the state agidtinct curriculum guidelines.
Neither teachers nor interns included assessmerthair written lesson plans.
Therefore, in the interviews, the participants wasked how they assessed their
students’ understanding. While the teachers plantedassess their students
informally during the instruction, the interns phed to use summative assessment
after the instruction. They used assessment taldeghether they needed to repeat
their lessons. None of the participants identitiggic-specific assessment strategies.
The second assertion was that the teachers coutttecb some pedagogical
knowledge components each other, which the intemdd not. The interactions
among the teachers’ pedagogical knowledge compsmegrte limited, because their
lack of knowledge of assessment and learners’cditfies components did not
inform their alternative instructional strategieBhe interns used primarily their
subject matter knowledge, because of their limipedlagogical knowledge. The
results of this study indicated that there were flifferences between individuals
with teaching experience and those lacking teaclexgerience. In addition, all
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participants lacked topic-specific knowledge abowtriculum, learner, assessment
and instructional strategies.

Another study identifying the effects of teachingperience with a
comparative study was implemented by Leite et2605). The aim of this study was
to compare preservice and in-service teachers’ aggplons for liquid-state
phenomena in three European countries. The autbiotbe study compare the
participants’ subject matter knowledge as a compboé PCK in order to draw a
conclusion whether PCK develops from experiencee participants of the study
were 195 ltalian, Portuguese, and Spanish scieamhérs. They were 80 in-service
science teachers (with at least 2 years of teachxpgrience) and 115 preservice
science teachers. The authors prepared a quest®rinaluding seven questions
about liquids or liquid-state phenomena. Data asigalywas conducted question by
guestion in order to make comparisons betweengme-in-service teachers’ answers
given to each question. Chi-square test was usamdtyze the data. The statistical
analysis of data indicated that the participanw&d poor performance with low
percentages of correct answers. Their performanmeeaaed independent of
nationality. Both pre- and in-service teachers Hdifficulties in explaining
submicroscopic predictions. In addition, pre- amdervice teachers in each of the 3
countries showed a similar performance for somestiugs (e.g., questions 3 and 4).
For question 5, Portuguese and Italian preserves&chers showed a better
performance than in-service teachers, in conti@stiat was expected. Therefore,
they offered that preservice teacher education @tinuing teacher education
courses should concentrate on developing teacRE¥K.

Another study was conducted to compare and corgsqerienced chemistry
teachers’ topic-specific PCK in teaching two difiet chemistry topics (Aydin,
Friedrichsen, Boz, & Hanuscin, 2014). By using aecatudy methodology, they
collected data from two experienced chemistry teecithrough CoRe, card-sorting
activity, semi-structured interviews, observatioasd field notes for teaching
electrochemical cells and nuclear reactions. Thiglys was based mainly on
Magnusson et al.’s (1999) PCK model with some afiens. Deductive and
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inductive analyses were used for data analysis.résdts showed that both teachers
utilized more ‘content-based and teacher-centeradtruction for teaching
electrochemical cells, while they used less ‘teacleatered instruction including
NOS and Science-Technology-Society-Environment’'téaching nuclear reactions.
The teachers did not perform any discipline-spesifstrategies (e.g., inquiry);
however, they used several topic-specific stratedie.g., demonstrations) for
teaching both topics. The teachers’ curriculum kieolge varied and they had much
more curriculum knowledge in electrochemical toffiian nuclear reactions topic.
Likewise, they showed differences in the extenthafir knowledge of learners, and
they possessed more knowledge of learners in etdwtmical cells topic than
nuclear reactions topic. On the other hand, botthers had mainly didactic
orientations, and these orientations did not chatgerding to the different topics.
None of the participants used topic-specific agsess strategies. The authors stated
that teaching experience alone was not enoughdaden teachers’ topic-specific
PCK. Therefore, they supported that professionakld@ment should consist of not
only discipline-specific activities but also tompecific activities within that
discipline. Additionally, both preservice teachedueation and induction year
mentoring programs should concentrate on how preseand beginning teachers
improve their topic-specific PCK as well as distiptspecific PCK.

Luft (2009) studied the first year of 114 secondacjence teachers while
they were participating in one of four differentduction programs. These were:
general induction, science-specific e-mentoringiersze-specific induction, and
alternative certification programs. In this mixe@tmod design, as a data collection
procedure, the teachers were first interviewed altoeir background information,
beliefs about teaching science and PCK prior tosthet of the school year. Then,
they were observed and interviewed eight timeg dffte instruction throughout the
school year. At the end of the school year, pastrilews were conducted about the
teachers’ school year, their beliefs about teackaignce and PCK. Concerning PCK,
they focused on only two components: knowledgenstructional strategies and
knowledge of learners. In terms of qualitative d#te@ codes (1= limited, 2= basic,
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3= proficient) were used. Regarding quantitativéadgarts of the text from the
interviews were put in groups related to the topicghe literature review (e.g.,
representations of science, instructional stragggi@and the topics about the
quantitative codes (e.g., mentors, value of theetidn program). Findings revealed
that the overall PCK of beginning teachers didel@nge significantly over the year
(F(1,3)= 0.08, p= .24). Their PCK was scored astéidh which was described by
relying on a few instructional strategies, not iifgmg the students’ prior
knowledge, not accommodating various learners)yrarizing representations for
subject matter, and struggling to think the usenqtiiry in their teaching. However,
when knowledge of learner and instructional stigegomponents were analyzed as
subsets, a significant difference was found inl¢taener component (F(1,113) = 0.06,
p=.01). This finding could be linked to the begmnteachers teaching with students
in their classrooms, being more aware of their etisl learning, and
accommodating their teaching properly. Moreovethatend of the year, there were
no significant differences in PCK among inductiorograms. A similar study
conducted by Luft et al. (2011), in which they expld the changes in beginning
secondary science teachers’ beliefs, PCK, andipescas a group during their first
and second year of teaching in different inducpoomgrams. 98 teachers participated
in one of four induction programs that were destim Luft (2009). After analyzing
the qualitative and quantitative data, they conetuthat overall PCK of beginning
teachers changed significantly over the two yel(g,(188)= 24.1, p= 0.00), but not
by induction programs (F(3,91) = 0.33, p= 0.92)e eginning teachers’ PCK was
cultivated and developed over the course of thest fwo years in the classroom,

because they worked with students.

2.5. Summary of the Literature Review

The nature of interactions among all PCK componégatsence teaching
orientations, knowledge of learner, knowledge stmnctional strategies, knowledge
of curriculum, and knowledge of assessment) of eewnd experienced chemistry

teachers is investigated in this study. In addijtitwe role of teaching experience on
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the interactions among PCK components was examirfegtefore, related literature
was reviewed under the headings of conceptualizatd PCK, nature and
characteristics of PCK, research on interplay amB@¢ components, and finally
research on how teaching experience is relate€t dRevelopment.

Literature indicates that Shulman’s work on PCK imspired a large number
of educational scholars (e.g., Park & Oliver, 2Q0Bashweh, 2005; Grossman,
1990). Some of these scholars have tried to moS8ifyliman’s definition, and
identify different components with different PCK deds (e.g., Grossman, 1990;
Magnusson et al., 1999), while others conceptudhZ& as an integration of those
components (e.g., Park & Oliver, 2008a). Regardiature and characteristics of
PCK, the literature revealed that PCK is a trams#dion rather than a blend of
knowledge, including subject matter knowledge, pedgcal knowledge and
knowledge of context (Grossman, 1990 & Gess-Newsd®@9). In addition to this,
adequate subject matter knowledge is a prerequsifeCK development (Van Driel
et al., 1998; Abell, 2007). Moreover, PCK demortsaa dynamic nature, and
teachers develop PCK over time as they learn freacher preparation programs,
classroom observations both as a student and dpreggrvice teacher education,
professional development opportunities and teackixpgerience (Grossman, 1990;
Van Driel et al., 1998; Abell, 2008). From this pbof view, many researchers have
attributed teaching experience as the primary soaf®CK development (Van Driel
et al., 2002; Van Driel et al., 2001; Van Driel &t, 1998, Grossman, 1990;
Magnusson, et al.,, 1999). However, teaching expeeiealone may not lead
necessarily to robust PCK (Leite et al., 2005; dnighsen et al., 2009). Furthermore,
PCK is topic, person, and situation specific amachers’ PCK largely influences
their decisions in classroom settings (Kind, 200K is also affected by teachers’
own belief systems (Fernandez-Balboa & Stiehl, 1996rine-Dershimer & Kent,
1999). Finally, science educators agree that PCKnage than the sum of its
components (Abell, 2008; Park & Oliver, 2008a). drears should have all PCK
components and integrate them while planning aadterg their instructions (Abell,
2008). The coherent relationships among them apsitant for PCK development
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and these relationships are highly complex in mat(Park & Oliver, 2008a).
However, until now, few studies have been carriedt do explore the
interconnectedness among all PCK components (Hehaé, 2008; Padilla & Van
Driel, 2011; Park & Chen, 2012, Aydin et al., 201%he literature indicates that
how PCK components interact with each other fofed#int topics or how these
interactions develop when teachers gain more expesi have not been fully
resolved (Park & Chen, 2012). Therefore, the nataigamics, qualities and
complexities of the connections of all PCK compdsen different topics, how these
connections influence teaching practice, and hoachers’ different levels of
teaching experiences influence these connectioed figther investigation. Taking
these gaps in the literature into consideratiomjnh to investigate the nature of
interactions among PCK components of novice anemsmpced chemistry teachers’
teaching of two different chemistry topics withimetsame grade level as well as the
role of teaching experience on the interactionsrag®CK components.

2.6. PCK Framework of the Present Study

The theoretical construct of PCK framed this stuglgecifically, Magnusson et
al.’s (1999) PCK model and Park and Oliver’'s (2008bntagon model of PCK
served as both the conceptual and analytic framewdagnusson et al., (1999)
proposed their PCK model in a specific disciplinghich is ‘science.” They
conceptualized PCK for science teaching as a nextirfive types of knowledge:
orientations towards science teaching, knowledgecwficulum, knowledge of
learner, knowledge of assessment, and knowledgeanstfuctional strategies.
Magnusson et al. (1999) emphasized that these amenp® may interact in highly
complex ways; therefore, it is important to undemst how they interact and how
their interactions affect teachers’ teaching. Nbakdss, in their PCK model, the five
components are drawn in a linear way, and the erplicit link in this model is
between science teaching orientation and each efother four components. In
contrast to Magnusson et al.’s linear model, Park @liver (2008b) represented the

same five components in a pentagonal form to reptethe integration of the
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components. As a conclusion, the pentagon mod&G¥i which was grounded in
the work of Magnusson et al. (1999), serve as aisteudevise for organizing the

present study.
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CHAPTER 3

METHODOLOGY

This study mainly focuses on the nature of intésactamong PCK
components of novice and experienced chemistryhgzacn the teaching reaction
rate and chemical equilibrium. Moreover, | examitteg role of teaching experience,
if any, on the interactions among PCK componentmneing teaching these two
topics.

In this chapter, | will present detailed informattiabout the method of inquiry.
Within this perspective, in this chapter, | willsduss research design and the
rationale for the research design. Then, | willlaxpparticipants, procedure, context,
data collection methods, and data analysis proeedtinally, | will deal with the
issues of validity and reliability, ethical considgons, researcher’s background and

role,and assumptions of the study.

3.1. Research Questions

In this study, the nature of interactions amondP&K components of novice
and experienced chemistry teachers were investighteugh the following research
questions:

1. What is the nature of interactions among PCK corepts of novice and
experienced chemistry teachers in teaching reactaie and chemical
equilibrium topics?

2. What is the role of teaching experience, if any,tl@ interactions among

PCK components in teaching reaction rate and cledraguilibrium topics?

3.2. Design of the Study

This research is qualitative-interpretive in nat(iverriam, 2009). The main
aim of this study is to explore the nature of iat#ions among PCK components of
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novice and experienced chemistry teachers to teaclthemistry topics. Qualitative
methodology fits better for my research problemalse of several reasons. First of
all, qualitative research is conducted becaus®blgm or issue needs to be explored
(Creswell, 2007). Regarding my study, based onethisting literature, there is a
need to examine topic-specificity of PCK in diffetetopics within the same
discipline (Abell, 2008), novice teachers’ topiesgic PCK (Luft et al., 2011), the
comparison between novice and experienced scieachérs’ PCK (Clermont et al.,
1994), and the relationships among PCK compondntiedrichsen et al., 2011).
Another reason of conducting qualitative researchthe need of complex and
detailed understanding of the issue (Creswell, 2007 this study, by conducting
qualitative research, | tried to delve into theunat dynamics, and complexities of
interplays among PCK components related to teacheagtion rate and chemical
equilibrium topics in chemistry. Moreover, qualit& research is carried out to
comprehend the contexts or settings in which pp#ids in a research address a
problem or issue (Creswell, 2007). Accordingly, dese of context-specific nature
of PCK, | conducted qualitative research to undectthe context or setting in
which the novice and experienced teachers addnesssue of this study. Another
reason why qualitative methodology was used in #tigly is that quantitative
measures and statistical analyses simply do nataddhe problem. Due to person-
specific nature of PCK, | wanted to compare theiceand experienced teachers’
teaching to bring out the differences in terms 6KPas well as interactions among
PCK components. In addition, | was interested wcpss, i.e., how the things occur,
as well as product (Creswell, 2007). | aimed toepbs how teachers interact with
students, how teachers answer students’ questibasmeanings that the teachers
give to certain words and actions, gestures or cemtsnduring the instruction.
According to Merriam (2009), “qualitative reseancheare interested in
understanding the meaning people have construtttatlis, how people make sense
of their world and the experiences they have in wald” (p.13). Different
qualitative researchers have identified differemaracteristics, eventhough there is
absolutely some overlap. For instance, CreswelD920videly presented several
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characteristics of qualitative research to undacdsthe nature of qualitative research.

| explained how | adapted them into my study below:

1.

Natural setting: In this qualitative study, | called the data in the field where
the participants experience the issue or problegeuthe study instead of
bringing them in to contrived situation. During aatollection process, the
participants taught the reaction rate and chengqalilibrium topics in their
real classes.

Researcher as a key instrument: | gathered thendggelf via investigating
documents, observing behavior, and interviewingougicipants.

Multiple sources of data: As a researcher, | ctdléanultiple forms of data
involving observations of instuction, pre-interviaw the form of content
representation (CoRe), post-interviews, card-sgrtiask, and documents
such as instructional materials instead of relyinga single data source. Then,
| reviewed all the data in order to organize thato categories and themes.
Inductive data analysis: The interactions among P€&knponents were
analyzed inductively.

Participants’ meanings: During this qualitativee@sh process, | focused on
learning the meaning that the participants helduaiboe PCK components
and the interactions among them.

Theoretical lens: In this study, PCK framework weed as the theoretical
lens to compare and constrast the participantghiag of reaction rate and
chemical equilibrium topics.

Emergent design: The design of a qualitative sisdgmergent and flexible.
The initial plan may change. For instance, at thgidming of the present
study, the teachers were supposed to fill the GbRmselves. However, they
were reluctant. Then, | changed my plan and | agetid ask CoRe questions
during the interviews.

Interpretive: As a qualitative researcher, | alwaied to interpret what | see,

hear, and understand in the context of the study.
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9. Holistic account: In this study, | tried to identithe complex picture of the
nature of interactions among PCK components ofte¢aehers with different
levels of teaching experience within the contexteafching reaction rate and
chemical equilibrium topics.

Qualitative researchers have suggested a varietgualitative research
strategies. For instance, Merriam (2009) mentis®maen commonly used strategies:
basic qualitative research, phenomenology, ethpbgranarrative analysis, critical
qualitative research, and case study. They falleunithe umbrella concept of
“qualitative”; however, they are different from éaother in terms of their focus,
research question, sample selection, data collfectiod analysis, and write-up.
Similarly, Creswell (2007) recommended five apptasc to qualitative inquiry
which are popular in social and health science ytodarrative, phenomenology,
ethnography, case study, and grounded theory. Riegathese five approaches,
researchers can study individuals with narrativel nenomenology; find out
processes, activities, and events through casg atud ground theory; or examine a
cultural group in a natural setting (ethnography).

Among these approaches, case study guided thisy studdesigning,
collecting, and analyzing the data. A case stuflsrseio an in-depth description and
analysis of a bounded system (Merriam, 2009). 20Q) described the case study

as “... an empirical inquiry that investigates a emmporary phenomenon in depth
and within its real-life context, especially whére tooundaries between phenomenon
and context are not clearly evident” (p.18). Onghhprefer to use case study as s/he
wanted to comprehend a real-life phenomenon inhjdmit such comprehension
involved substantial contextual conditions-becatisey were highly related to
her/his phenomenon of the study. Case study inslutle research of an issue
investigated by focusing on one or more cases wighbounded system such as a
setting or a context through detailed, in-deptradatllection with multiple sources
of information (e.g., interviews, observations, agp, documents, and audiovisual
material) (Creswell, 2007). A “case” can be an wittlial, an event, or entity.

Moreover, case studies may be conducted about iolesjs programs, the
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implementation process, and organizational chakge 2009). Accordingly, in this
research, the issue (the nature of interactionsngnr®CK components) was explored
through multiple cases (novice and experienced @ignteachers’ teaching) within
a bounded system (the context of teaching reacttas and chemical equilibrium
topics) via in-depth data collection sources (edpservations, interviews, etc.).
Moreover, a case study investigates “how” and “wilgygiestions which examine
contemporary set of events, but when the investigaas little or no control (Yin,
2009). The present study concentrated on contempset of events (novice and
experienced chemistry teachers’ teaching), and memhow the nature of
interactions among PCK components of these teaa@retso what extent teaching
experience is related to the interactions among RGKponents in teaching of
reaction rate and chemical equilibrium topics. Remnore, the purpose of a case
study is to broaden and generalize theories antbribd the statistical generalization
(Yin, 2009). Accordingly, the purpose of this studyto broaden the theory of PCK
especially in terms of interactions among PCK congmts within a specific
discipline. In a case study, the researcher isa@sted in insight, discovery, and
interpretation rather than testing hypothesis (Meny 2009). Additionally, Merriam
(2009) characterized case study as being partisti@rdescriptive, and heuristic.
Particularistic signifies that a case study correges on a specific situation, event,
program or phenomenon. Descriptive signifies rictd ahick description of the
phenomenon under the study. Heuristic refers tase study which enlightens the
reader’'s comprehension of the phenomenon undey.sladhe present case study,
the researcher focuses specifically on the intemastamong PCK components of
novice and experienced chemistry teachers’ teachéagtion rate and chemical
equilibrium topics and tried to illuminate the reasl understanding about the
phenomenon by providing thick description about it.

Creswell (2007) categorized case studies into thrderms of the intent of
the case analysis: the single instrumental casly sthe intrinsic case study, and the
collective or multiple case study. In a single iastental case study, the inquirer
concentrates on an issue or concern, and then eh@me bounded case to illustrate
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this issue. The intrinsic case study concentratethe case itself (e.g., evaluating a
program, or studying a student having difficulty. since the case represents an
uncommon or single situation. Finally, in a colleetcase study or a multiple case
study, the inquirer again focuses on an issue ocexm; however, s/he chooses
multiple case studies to illustrate different pexgpses on the issue. For instance, a
researcher may select a number of programs fromnabar of research sites or
multiple programs within a single site for a stu@gcording to Yin (2009), the logic
underlying the use of multiple-case studies isegithliteral replicationwhich refers

to prediction of similar results, @ theoretical replicatiorwhich refers to prediction
of contrasting results but for anticipatable reasorhe present study comprises a
multiple case study in which multiple cases (novared experienced teachers’
teaching) were compared and contrasted to illesttdterent views on the issue (the

nature of interactions among PCK components).
3.3. Participants

Participants in this study were chosen through @cgss of purposeful
sampling (Creswell, 2007). Purposeful samplinghis inethod of choice for most
qualitative research (Merriam, 2009). Purposefuh@ing strategy means that the
researcher chooses individuals or sites for reBeanoce they can purposefully
inform a comprehension of the research problem @imehomenon in the study
(Creswell, 2007). In this sampling method, the aesleer wants to discover,
comprehend, and gain insight about a sample. Tovere$/he selects a sample that
will help the collection of the richest data (Mam, 2009). According to Paton
(2002), the logic and power of purposeful samplilegive from the emphasis on in-
depth understanding, and this requires selectifgrnmation-rich cases for study.
“Information-rich cases are those from which one le@arn a great deal about issues
of central importance to the purpose of the res$gaticus the term purposeful
sampling” (Patton, 2002, p.46). According to Crel\{#007) and Merriam (2009),
researchers should first decide the criteria ftectmg the individuals or sites to start

purposive sampling. The criteria reflect the aim tbé research and lead the
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identification of information-rich cases (Merria@009). In the present study, three
cases were identified through a process of purpbsfmpling based on certain
criteria in order to achieve a full understandingtlee phenomenon as much as
possible. The first criterion was related the cehtd the study. PCK has a context-
specific nature and is influenced by the contextvimch the teachers work (Van
Driel et al., 1998). Therefore, | selected teacHienn the same context. All teachers
were working in the same private school in Ankdrtha time of the study; therefore,
they had similar instructional materials and equepimin their classrooms. The
second criterion was that teachers had differemtlseof teaching experience. In
order to investigate the interactions among PCK maments of chemistry teachers
with different levels of teaching experience, | sadhree teachers who were suited
to the objective of the study. They were chemistigchers with different levels of
teaching experience. Betlil was a novice teacheh wit three-year teaching
experience at the period of the present study aedtaught both reaction rate and
chemical equilibrium topics for the first time inclassroom environment. Simge and
Burak, who had 12 and 20 years of teaching expegieaspectively at the time of
the study, and they had been teaching both topicenfny years. Both Simge and
Burak had worked for different private schools lbefbeing employed in the current
private school. Betil had worked in a private t@aghnstitution for 1 year. Then,
she started to work the current private school.rdfpam this, all teachers graduated
from the same chemistry education program in tmeesaniversity. Therefore, they
had a similar background in terms of coursework s@iimg of chemistry,
pedagogical, and subject-specific pedagogical esur®nly Simge had a master
degree in science education. They voluntarily atsmepo be involved in this study.
Pseudonyms are used for confidentiality. The tleniterion was subject matter of
teachers. Because of the researcher's major arehemistry education, teachers
who have a major in chemistry were selected. Thiwided the researcher with a
convenient examination of the teachers’ PCK in gjgechemistry topics, reaction
rate and chemical equilibrium. This was an impdrtasue because examining PCK

components in a specific topic required topic dpedknowledge. The fourth
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criterion was to select easily accessible partiipan order to carry out deep
investigation and also find teachers who have tgkdst potential of obtaining deep
information on PCK in a specific topic. Moreovenetappropriate schedules of the
teachers without any overlap help me select thesehers from the same school.
The size of the sample is also a significant denisdo sampling strategy in
data collection process (Creswell, 2007). One ge#nerinciple in qualitative
research consists of both studying a few sites rmlividuals and gathering
comprehensive detail about each site or individdiatiies. The aim of qualitative
research is not to generalize the information butlarify the specific. Therefore, as
the researcher of this study, | could observe tieaehers which took 12 lessons a
week. If | had chosen to study with more numbertezchers, | could not have
observed all teachers’ lessons because of som&apsen their schedules. Table 3.1

summarizes the information about the teachers valnicppated in this study.
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Table 3.1Information about the participants

Teachers Gender Teaching Education Other School Professional
years experiences type Development

Betul Female 3 B.S. -1 year Private In-service
teaching School training about
experience new
in a private chemistry
teaching curriculum
institution

Simge Female 12 M.S. -1 year Private In-service
teaching School training about
experience new
in a private chemistry
teaching curriculum
institution
-Teaching
in different
private
school

Burak Male 20 B.S. -Electric Private In-service
technician  School training about
in a factory new
-Teaching chemistry
in different curriculum
private
school

3.4.The Subject Matter and Topic Selection

The topic of reaction rate and chemical equilibritopics were chosen for
several reasons. First, although two of the obskpaticipants had been teaching
these two topics for years, the novice teacherhiatigem for the first time that year.
The novice teachers had been working in this scfmo? years; however, she had
not taught these two topics before. She had tathgrhistry topics in the™and 16"
grade chemistry curriculum before conducting thisdg. In the third year of her
teaching experience at this school, she startedach chemistry topics in the 11
grade chemistry curriculum. Therefore, | decidedetect chemistry topics from 11
grade level. The topics taught in the ™ Qrade curriculum are enthalpy,
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electrochemistry, reaction rate, and chemical dguiim respectively at the time of
study. Among these topics, | selected reaction aaté chemical equilibrium topics.
Second, scarcity of research on teachers’ PCK andnteraction among PCK

components for teaching reaction rate and chemaglilibrium made me

concentrate on these topics. Third, it was a wtbsted fact that a significant
number of high school students struggle with urtdeding the concepts related to
reaction rate and chemical equilibrium (e.g., VameDet al., 1998; Tyson et al.,

1999; Voska & Heikkinen, 2000; Cakmakci, 2010). Ebuthe two topics | would

select had to be at the same grade level becais#gadion to science teaching is
grade specific (Magnusson et al., 1999). Reactb& and chemical equilibrium are
taught in 11 grade in order. Finally, the time for observinggh two topics was at
researchers’ convenience. Before starting to oleséine teachers, | had to take
permissions both from my department and the scadwolinistration. | also prepared
data collection sources before starting the obsens of instructions (e.g., card-

sorting task).

3.5. Context of the Study

The participants were selected from the same comtbich was a private
high school in Ankara. The objective of this stuggs to compare and contrast
interactions among PCK components of novice andemaipced teachers not to
compare and contrast teachers in different cont@xisrefore, | chose them from the
same context. As a result, the teachers could tictopics with the same curricular
and instructional materials. In addition, | observthe teachers in their real
classrooms instead of bringing them in to a coattigituation.

In the private school, there were 693 studentbatitne of the study. There
were 144 11 grade students consisting of 65 boys and 79 giismiong 11" grade
students, 81 students were in the branch of sciandenathematics. There were four
science and mathematics classes, | chose thrdeewf tor this study. The average
class size was 20, including approximately 10 ginsl 10 boys. The ¥igrade
students’ ages ranged between 16 and 18. In adddithe book offered by Ministry
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of National Education [MoNE] (2000), they also usewther book that was General
Chemistry written by Chang and Overby (2011). Témglage of instruction at this
school is English.

In this context, the classrooms have smart boandscamputers as well as
benches, chemicals and equipment to perform expeatsrand demonstrations at the
back of classrooms (see Figure 3.1). The teachsually used smart boards and
power point slides while teaching the topics. Wineeded, the teachers can make
demonstrations. They sometimes planned experinientgudents. Moreover, in the
chemistry department group meetings, all teacheaisesl their ideas, problems and
difficulties regarding their students as well astinctional materials. In addition,

they prepared instructional materials and alsoeshaork.

| SMART BOARD | BOARD |
COMPUTEF |
TEACHER
TABLE |
DESK DESK DESK
| | |
DESK DESK DESK
| | |
% DESK DESK DESK
ﬁ | | |
g BENCHES

Figure 3.1 Arrangement of the classroom
3.6. Data Collection Sources

Qualitative researchers typically gather multiptenis of data and spend
notable time in the natural setting to collect mation (Creswell, 2007). In
qualitative research, the data collection procesluieclude four basic types:

observations (ranging from nonparticipant to pgséat), interviews (ranging from
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close-ended to open-ended), documents (ranging frdrate to public), and audio-
visual materials (involving materials like videoésp photographs, compact disks)
(Creswell, 2007). In this study, multiple sourcesdata were used because the
complexity of teachers’ knowledge cannot be captiea single instrument (Kagan,
1990). In this regard, in order to gain in-deptformation about the interplay among
PCK components of the participants, multiple sosiroédata such as card-sorting
task, pre-interviews in the form of CoRe, obsensai of instructions, field-notes,
and post-interviews about the instructions were leygal. Figure 3.2 displays the
data collection stages in order. Before starting thbservation of teachers’
instructions, card-sorting task was employed. Idita@h, pre-interviews in the form
of CoRe were conducted at the beginning of eachc.tophen, all teachers’
instructions were observed during the teaching edction rate and chemical
equilibrium topics. At the end of each week, podgéeiviews were conducted. Data
were collected over a two-month period. In thedwaihg parts, all these data sources

will be explained in detail.

Card-sorting task
(before teaching sessions)

y
Topic 1: Reaction Rate
* Pre-interviews in the form of CoRe (at the beginning of teaching
reaction rate)
» Observations of instructions (during teaching of reaction rate)
« Weekly pos-interviews about instructions (at the enieach weel

\
Topic 2: Chemical Equilibrium
* Pre-interview in the form of CoRe (at the beginning of teaching
chemical equilibrium)
* Observations of instructions (during teaching of chemical equilibrium)
* Weekly post-interviews about instructions (at the end of each week

Figure 3.2The data collection stages
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3.6.1. Card-sorting Task

To diagnose the participants’ science teachingntateons for teaching
chemistry, card-sorting task was conducted. Theal-sarting task which was
developed by the researcher based on FriedrichnsgnDana (2003) was utilized
before the teachers’ instruction. The objective waglicit teachers’ purposes and
goals for teaching chemistry.

The root of this study is based on Magnusson & @1999) PCK model.
However, the researcher did not only keep to thosleh regarding science teaching
orientations. Friedrichsen and Dana (2005) anddFdbsen et al. (2011) criticized
Magnusson et al’s (1999) definition and categdiara of science teaching
orientation component of PCK. Friedrichsen and D#R@05) argued against
labeling teachers’ orientations with a single ai@ion. Instead, their orientations are
more complex and broader in scope than those fahtn the literature. Moreover,
they claim that matching participants’ orientatiotos those defined in the PCK
literature is insufficient for characterizing therientations. Teachers might have
multiple science teaching orientations which arerenocomplex and specific to
courses than identified in the literature (Friedsen et al.,, 2011). To show this
complexity, Friedrichsen and Dana (2005) proposastboth central and peripheral
components to better present teachers’ sciencéiteporientations which include
goals related to general schooling, the affectiveain, and subject matter. In this
regard, while developing and writing scenariospdkt chemistry curriculum goals
stated in the Turkish chemistry curriculum (MoNE)12), the goal related to
preparation for high stakes university entrance nexand science teaching
orientation categorization of Magnusson et al.’99@) into consideration. The
scenarios reflecting Magnusson et al.’s (1999) e&eteaching orientations were
about didactic, activity-driven, discovery, conaegt change, academic-rigor,
guided-inquiry, project-based science and prodasaddition to these orientations, |
added some goals from Turkish chemistry curricu{MoNE, 2011). The goals are:
1) to develop an understanding of the historicgbiavement of basic concepts of the
matter (history of science), ii) to develop an ustinding of the effects of these
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concepts on individuals, social, economic and teldgical world (science-
technology-society, STS), iii) to develop skills fatilizing chemical terminology for
explaining those concepts or models (Terminology).

Then, | designed 12 cards including scenarios géldb teaching rate of
reaction and chemical equilibrium topics. Thesenades described an instructional
strategy, planning technique, laboratory activity, assessment strategy mostly
utilized in high school chemistry teaching. Onetloé sample scenarios is “As a
chemistry teacher, you have decided that the bagttavteach how rate of a reaction
changes in time is to let students discover thaticel between time and rate of
reaction on their own” (Discovery). Another scenas “As a chemistry teacher, you
have decided that the best way to teach the difterdoetween instantaneous and
average rate is to use lecturing and writing threnfdas of them on the blackboard”
(Didactic). All scenarios were added in Appendix After the scenarios were
prepared, two experts in chemistry education chat¢keir grammar, wording, and
whether they were consistent with the orientatiategorization of Magnusson et
al.’s (1999) and national chemistry curriculum goaTlhen, the scenarios were
piloted with two chemistry preservice teachers ideo to check whether the card-
sorting task worked in the way | intended.

Before observing the teaching sessions, teachers meguested to sort the
cards into three categories, namely representéitere scenarios that best represent
their teaching), not representative (i.e., scesahat do not represent their teaching)
and unsure (i.e., scenarios that teacher is netwhether s/he teaches in that way).
During card-sorting task, | wanted the teacherghiok aloud because what the
teacher said during the card-sorting task provideate insight into their science
teaching orientations than how the teacher sotedspecific cards (Friedrichsen &
Dana, 2003). As an interviewer, | also took notsgarding which scenarios evoked
negative and positive reactions. For instance,ajrtbe participants shook her head
and stated “I have used this approach before amdttidents did not like it, and so |
will not teach it this way.” Another participantigkly and decisively dismissed one
of the scenarios. After sorting the cards into tdaegories, the teachers were
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requested to describe how the scenarios in theeseptative categories reflected
their purposes and goals for teaching chemistrgyMrere asked in which aspects of
their teachings were similar to or different frohose defined in the cards.
Conducting this task and the semi-structured imt&rs took approximately 45

minutes. All the interviews including the card-&ogt task were audio-taped and
transcribed verbatim. The interview questions uaéidr sorting the cards were
prepared in the light of the literature (e.g., Briehsen & Dana, 2003; Aydin, 2012).
The questions are as follows: How does this scersupport your purposes and
goals for teaching chemistry?, Which aspects o Huenario are similar to your
teaching?, For the representative category, whatle common properties of the
scenarios?, In addition to these strategies irstle@arios, what additional strategies
will you use while teaching reaction rate and cheainequilibrium topics?, Why do

you put the cards in to the not representativegoay®, For the not representative
category, what are the common properties of theaswes?, Which aspects of the
scenario in the not representative category woold ghange if you wanted to use
them?, For the unsure category, what are the conpraperties of the scenarios?,

Why do you think that they do not totally refleciwy teaching?

3.6.2. Interviews

Interviewing was an essential part of data coltecfor this study because the
participants’ feelings, notions and interpretaticosild not be observed. The aim of
conducting interviews is to elicit someone’s pecsppe and opinions (Patton, 2002;
Creswell, 2009). The inquirer wants to elicit “...wha in and on someone else’s
mind, to gather their stories” (Patton, 2002, p)344 a similar vein, the interplays
among PCK components of novice and experiencechéesacould not easily be
observed; therefore, interviews were conductediisidtudy.

Interviews involve face to face interviews with fp@pants, interviews by
telephone, or group interviews (Creswell, 2009)e Tange of structure of these
interviews varies from highly structured to unstwred formats. In highly structured

interviews, questions and the order of the questame predetermined. On the other
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hand, in unstructured interviews, questions arepnetletermined and the interview
is basically exploratory. These interviews are Ugused when the inquirer does not
have enough knowledge about a phenomenon to askedelquestions. Semi-
structured interviews have a place in the middksvben structured and unstructured
interviews and include less structured intervievesjions worded more flexibly. In
semi-structured interviews, the questions are rflexébly worded or consist of both
more and less structured questions (Merriam, 2009)these interviews, the
interview guide may consist of several particulaestions to provide the same basic
lines of inquiry which are directed with each persturing the interview (Patton,
2002). Interviewing in qualitative research is gely more open-ended and less-
structured.

In this study, | conducted semi-structured intemgewhich were pre-
interviews in the form of CoRe at the beginningeafch topic and weekly post-
interviews about the instructions. In general,hiase semi-structured interviews, in
order to capture and represent the teachers’ PC3&t af questions pertaining to
teaching procedure, instructional activities/repreations/materials, and the reason

why they used them were asked through the theafé¢ios of PCK.

3.6.3. Pre-interviews in the Form of Content Representatins (CoRe)

The CoRe (Appendix B) is a matrix including big adéconcepts about the
topic (e.g., Le Chatelier's principle, factors aftieg rate of reaction) in the
horizontal axis. In the vertical axis, there aretdas that affect teachers’ decisions on
such issues as learners’ difficulties and wayssseasing students’ understanding of
concepts (Loughran, Mulhall, & Berry, 2004). TheR&owas developed in response
to the difficulties in capturing and portraying P@Wth traditional ways (Loughran
et al.,, 2004). A teacher's PCK may not be appatenain inquirer within the
boundaries of one lesson or teaching experiencaddiition, because of being partly
an internal construct, observations can ensurdysleited insight into a teacher’s
PCK (Baxter & Lederman, 1999). With this in mindpughran et al. (2004)

developed the CoRe as a research tool with the cdimttempting to capture,
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document, and portray science teachers’ PCK. pshek attain science teachers’
understanding of the content as well as a way pfesenting this knowledge
(Loughran et al., 2004). In other words, it is usedboth capturing PCK and as a
way of portraying this knowledge to others (Loughed al., 2004). It is a useful tool
for talking about teachers’ topic-specific PCK aalwdescriptions of their practice.

Similarly, in this study, | used the CoRe as aaede tool for capturing PCK
and the interactions among PCK components, and a&ya of portraying this
knowledge to others. Similar to Loughran et al.0@Q | utilized the CoRe as a pre-
interview tool with all teachers before they stdrte teach both rate of reaction and
chemical equilibrium topics. In the pre-interviewsnainly asked the items in the
CoRe to deeply understand the teachers’ topic-Bpewture of PCK about the two
topics and how the participants will construct theistructions. In these semi-
structured pre-interviews, | prepared an intervigmde (see Appendix C) mainly
based on CoRe tool as well existing literature .(elgpughran, Milroy, Berry,
Gunstone, & Mulhall, 2001; Loughran et al., 2004&nie et al., 2008; Aydin, 2012,
Demird@en, 2012). During these interviews, | asked alsueséollow-up questions
to understand how they will integrate PCK composenutiile teaching reaction rate
and chemical equilibrium topics. The questions asge follows: What are the
difficulties related to teaching reaction rate tdpiWhich teaching strategies are you
going to use to teach reaction rate topic?, Whatthe specific reasons for using
them?, Which assessment techniques are you goingséoto assess students’
understanding of chemical equilibrium topic?

Each interview took approximately 40 minutes to boar. All the interviews

were audio-taped and transcribed verbatim.

3.6.4. Observation of Instructions

Observations are also primary data source as ietesvand provide some
knowledge of the context, specific events and biglha\(Merriam, 2009). Moreover,
these observations can be utilized as referencatgpdor following interviews

(Merriam, 2009). Accordingly, one of the importaspects of PCK is the translation
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of teachers’ knowledge into classroom practicerefuge, we make observations for
their actual teachings (Baxter & Lederman, 1999her&fore, | conducted

observations to gain some knowledge about conspetific events and behaviors of
the participants (Merriam, 2009). After employinget CoRe, | observed the
participants’ teaching sessions through the thaaldens of PCK. By observing the
teachers in their own classrooms, | gained a beftelerstanding of their actual
teaching practices and the context in which thagh&

In a qualitative research, inquirers take fieldesoabout the behavior and
activities of individuals. In these field notesetimquirers write down activities at the
research field in a semi-structured (utilizing sopn@r questions that the researcher
wants to know) or unstructured way (Creswell, 20@9)cordingly, | observed and
took field notes during all teachers’ instructionsorder to capture the important
aspects of their teaching through the theoretieak lof PCK. While taking field
notes, | tried to be highly descriptive. Thesediabtes included verbal descriptions
(i.e., descriptions of the setting, the teachensd #he activities done in the
classrooms), direct quotations of what the teachaid, and observer's comments,
judgments and ideas related to the observed ey®rsiam, 2009). The roles of
qualitative observers may change from a non-pa#itdi to a complete participant
(Creswell, 2009). In the present study, | had a-panicipant role (i.e., complete
observer), and so | only observed all lessons eft#achers by taking field notes
without participating. For each participant, one théir 11" grade classes was
selected and observed from the beginning to theoéiehching each topic. | spent a
considerable amount of time for observing teachetbeir classrooms. Each of the
class periods was 40 minutes. Specifically, | ob=sgreach participant’'s 17 class
sessions for reaction rate and 18 class sessiomhidéonical equilibrium topics, with
field notes serving as a data source. This enatrledo obtain a more complete
picture of what goes on in their classrooms. Margartantly, the data gained
through observations helped me to formulate my -pastview questions. For

instance, when | observed that one of the teaclssd an instructional strategy (e.g.,
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analogy, demonstration, etc.), | asked the reasgnsihe used that strategy and how
that strategy helped the teacher attains her/lsgo

All class sessions of the two topics were recordadaudiotape and then
transcribed verbatim. Additional data consistedtafients’ assignments, worksheets,

and lab manuals that were handed over to the i@saduring teaching sessions.
3.6.5. Post-interviews about Instructions

After observing the teachers’ instructions, | coctdd weekly face-to-face
and semi-structured post-interviews in combinatioth classroom observations in
order to probe the novice and experienced chemisaghers’ PCK as well as the
sources of their knowledge. In those weekly posgrinews about instructions, |
asked questions to gain an in-depth understandintpeo teachers’ PCK and its
components, teachers’ use of different instruclios@ategies and assessment
techniques. In addition, | asked the reasons why tised them, how they decided to
use them, and whether these strategies helpedtudenss comprehend the topic.
Thanks to these interviews, the teachers had oputés to revisit their instruction
and to articulate the reasons for their instru@iatecisions. After each instruction, |
prepared the weekly post-interview questions baseany observations and field
notes to capture and portray the teachers’ PCK thadinteractions among PCK
components. While preparing the semi-structuredrimtw questions, the existing
literature guided the researcher (e.g., Loughraalet2004; Henze et al., 2008;
Aydin, 2012). Sample interview questions are asofed: Why did you use an
analogy while teaching state of equilibrium?, How ybu think that analogy helps
students learn about this topic?, What knowledgrutibtudents did you use when
doing the demonstration about rate of reaction?y Vil you assess your students’
understanding by using that assessment technique?

Each interview took approximately 30 minutes. Afletinterviews were
audio-taped and transcribed verbatim. All data sesiralong with purposes, uses,

and duration are summarized in Table 3.2.
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Table 3.2A summary of all data sources

Data Source  Why used How used When used Duration
Card- To diagnose the Cards including Before About 45
sorting task  participants’ scenarios were teaching minutes
purposes and prepared. The sessions
goals for teaching participants were
chemistry requested to sort
the cards into three
categories and
asked the reason of
their choices. The
interviews were
audio-taped.
Pre- To capture, CoRe items and theAt the About 40
interview in  document and questions in the beginning  minutes to
the form of  portray the interview guide of teaching 1 hour
CoRe teachers’ PCK in were asked in the both
reaction rate and interviews. The reaction rate
chemical interviews were & chemical
equilibrium topics audio-taped. equilibrium
and interactions topics
among the PCK
components
Observation To collectdata  Field notes were  Throughout Each of the
s of about the nature taken. All lessons teaching of class
instructions  of the teachers’ were audio-taped. reaction rate periods was
PCK and the and 40 minutes.
interplay among chemical 17 class
the components equilibrium  sessions for
reaction
rate and 18
class
sessions for
chemical
equilibrium
were
observed.
Weekly To probe the Post-interview Atthe end About 30
post- participants’ questions about the of each minutes
interviews PCK, and the teachers’ week
about interactions instructions were
instructions among the conducted. The
components interviews were

audio-taped.
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3.7. Data Analysis

Data analysis is the process of making sense otéxbfand image data in
order to answer research question(s). Making sem#eof the data includes
consolidating, reducing, and interpreting what ipgrants have said and what the
inquirer has seen and read (Merriam, 2009). Dasdysis is a complex and ongoing
process that includes “...moving back and forth betweoncrete bits of data and
abstract concepts, between inductive and deduotiasoning, between description
and interpretation” (Merriam, 2009, p. 176). Thessanings or insights compose the
findings of the study. Findings might be in thenfioof “...organized descriptive
accounts, themes, categories that cut across tae @ain the form of models and
theories that explain the data” (Merriam, 20091 76).

The data analysis procedure involves several ¢@gswell, 2009):

1. Organize and prepare the data for analysis: It istshsof transcribing
interviews, typing up field notes, classifying antjanizing the data into
various types depending on the sources of infoonatin the present study,
first, | completed all field notes by listening amdecords taped throughout
teaching sessions. Then, | started to transcribatalview data and created
electronic files for them. In addition, | arrangatlinstructional materials into
files.

2. Read through all the data: After organizing theadat order to get a general
sense of the information and become familiar whig data, | read and reread
all data carefully. | also wrote some notes in nreg@t this stage.

3. Coding process: Coding is the process of takingdata or pictures collected
during data collection, dividing sentences/paragsapor images into
categories, and labelling those categories witlerant During the coding
process, the researcher can (a) improve codesoontiie basis of emerging
information gathered from participants, (b) utilipeedetermined codes and
then adjust the data to them or (c) utilize sontegration of predetermined

and emerging codes.
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In this study, | used both predetermined and emgrgiodes as Creswell
(2009) stated. As a first step, | used the predetexd codes and fit the data
to them. These predetermined codes used in thiy stirectly came from
PCK literature. Magnusson et al.’s (1999) PCK modih its components
formed the codes in this study. Therefore, five ponents of PCK which are
science teaching orientation, knowledge of learn&nowledge of
instructional strategies, knowledge of curriculurand knowledge of
assessment were the main codes of this study. Mere sub-codes under
these main codes. For science teaching orientabarponent, in addition to
Magnusson et al.’s (1999) science teaching oriemtatategorization, | added
some extra sub-codes. These extra sub-codes weraisthy curriculum
goals stated in the Turkish chemistry curriculumo(\E, 2011), and the
goals related to preparation for high stakes usitierentrance exam into
consideration. The predetermined sub-codes fonsei¢eaching orientation
were didactic, activity-driven, discovery, concegdtahange, academic-rigor,
guided-inquiry, project-based science, procesdptyisof science, science-
technology-society, terminology, and high stakes/ensity entrance exam.
In addition to these sub-codes, | developed a sdle-©n the basis of the
emerging information collected from the particimaniWWhile observing
teaching sessions and then reading the data, Izedalthat some of
participants had a goal about to relate chemistrgdily life. | named this
goal as everyday coping (Roberts, 1988). For knogédeof curriculum
component, the sub-codes were knowledge of goalsobjectives, vertical
curriculum and horizontal curriculum. For knowledgt learner, the sub-
codes were knowledge of requirements for learnkmpwledge of areas of
student difficulty and knowledge of areas of studemsconception. For
knowledge of instructional strategies componentg thub-codes were
knowledge of subject-specific strategies, and keogé of topic-specific
strategies. Moreover, knowledge of topic-specificategies consists of
knowledge of representations and knowledge of #ietsv sub-codes.
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Knowledge of assessment includes teachers’ knowleflgvhat to assess and
how to assess sub-codes. Then, | developed PCKgatalle that includes a
list of predetermined and emerging codes in onairsol sub-codes in
another column, and a definition of sub-codes gt twlumn (see Appendix
D). This coding table was used by another expecotte the data in order to
ensure reliability.

. Generate categories and themes for analysis: Afteting the data, |
generated categories inductively to analyze thesiplesinteractions among
PCK components. Based on the observations of tigins and interview
transcripts, | generated 10 categories reflectiig passible two-way
interactions among PCK components. | prepared la tabshow all possible
interactions among the components (i.e., categoard their explanations
(see Table 3.3). After analyzing all data basedhase categories, for each
participant | prepared PCK maps, which is explaimeddetail under the
heading of “Data Analysis for Interactions amongkPComponents”. Then,

| examined these PCK maps for generating themespatigrns. All the
issues of validity and reliability for coding preseare discussed under the
heading of validity and reliability of the study.
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Table 3.3Categories for analyzing data and their explanatio

Categories Explanation
STO - KolS Interplay Utilizing a specific instructional strategy to attagyoals and
purposes for science teaching

KolS — KoC Interplay Utilizing a specific instructional strategy to adds a
particular curriculum objective

KolS — KoL Interplay Utilizing a specific instructional strategy to hémda
difficulty, misconception or pre-requisite knowledg

KoA — KolS Interplay Reviewing the instructional strategies according the
feedback taken from assessments

KoA — KoL Interplay Utilizing different assessment methods to specifidents’
difficulties, misconceptions or pre-requisite knedde

KoL — KoC Interplay Taking a difficulty, misconception, or pre-requesit
knowledge into consideration while examining the
curriculum regarding what students have learnethsand
will learn about those topics

KoL — STO Interplay Taking students’ difficulties, misconceptions oepequisite
knowledge into consideration according to teachgoals
and purposes for science teaching

KoC — STO Interplay Taking a particular curriculum emphasis in class. (inature
of science objectives) into consideration accorditty
teacher’s goals and purposes for science teaching

KoA — KoC Interplay Utilizing different assessment methods to definarriers’
achievement regarding the goals and objectivesectla the
subjects, or to bring out what students know ablo@ttopic
within a grade and across grades

KoA — STO Interplay Assessing a particular knowledge or skill for deti@ing
whether students reached teacher's goals and msfos
science teaching

STO: Science teaching orientations, KoL: Knowledfdearner, KoC: Knowledge

of curriculum, KolS: Knowledge of instructional ategies, KoA: Knowledge of

assessment.

5. Advance how the description and themes will be espnted in the
qualitative narrative: To use a narrative passagehe most common
approach for conveying the findings of the qual&tanalysis. This can be a

discussion of a chronology of events, the detadisdussion of themes, or a
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discussion with interconnecting themes. In additmthe discussions, visuals,
figures, or tables are used. In this study, giteducing themes and patterns
based on PCK maps, | generated tentative assetimsed on these themes
and patterns. Finally, | discussed the findingseurtiese assertions by using
interview excerpts, specific illustrations, mulgpl perspectives from
individuals, and descriptive information about egalticipant.

6. Make an interpretation or meaning of the data:hiis step, the researcher
should derive a meaning by comparing findings vitftormation collected
from the literature or theories. Furthermore, wltlea researcher utilizes a
theoretical lens, s/he can generate interpretatizaiscall for action agendas
for reform and change. As a result, as a researmh#ris study, | tried to
derive a meaning by comparing the findings wittornfation gleaned from
PCK literature. | tried to explain the similaritiesid differences among the
findings, create cause-effect relationships, deswme conclusions based on
the findings, and manifest the importance of thelifigs. Moreover, | tried to
derive in which aspects of the findings confirm tpasormation or diverge
from it.

After explaining six step of data analysis, | expdal different techniques
used for data analysis for science teaching otiiemis and interactions among PCK

components in detail in the following parts.

3.7.1. Data Analysis for Science Teaching Orientations

This study included an analysis of the participardsience teaching
orientations to gain a better understanding ofitiberactions, because of its pivotal
position in the PCK model. While collecting the alahrough card-sorting task,
classroom observations, and weekly post-intervieksut instructions, | have
realized that participants’ science teaching oatohs were complex, with each
participant having multiple goals and purposes té&aching chemistry. Similar to
Friedrichsen and Dana (2005), | analyzed theimtaiggons by using two categories:

central and peripheral goals. First, the participascience teaching orientations
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were coded according to the pre-determined and gngecodes: didactic, activity-
driven, discovery, conceptual change, academiasrigeided-inquiry, project-based
science, process, history of science, science-tdohy-society, terminology, high
stakes university entrance exam and everyday copingn, their orientations were
analyzed based on two categories which were cergnal peripheral goals.
Friedrichsen and Dana (2005) define central gogla aomponent dominating “the
teacher’'s thinking and [it] appeared to drive tmstiuctional decision-making
process” (p.225). During classroom observationsiamdirriculum units, these goals
are highly apparent and explicit (Friedrichsen & nBa 2005). In addition,
participants may have a variety in the number oftreg goals presented in their
science teaching orientations. For instance, Binak four central goals (everyday
coping, didactic, conceptual change, and proceglsgreas Betul had one central
goal (didactic). In addition, Friedrichsen and Dd2@05) described a secondary set
of goals (i.e., peripheral goals). These goals alodefine the design of the course;
however, still they play a role in teacher’'s thimki They have less effect in
instructional decision-making process than the reérgoals. To illustrate, Burak’s
peripheral goals were academic-rigor, activity-dnmwand preparing learners for high
stakes university entrance exam while Betil's gesrpl goals were activity-driven

and process.

3.7.2.Data Analysis for Interactions among PCK Componerd

After analyzing the participants’ science teachamggntations, | focused on
the data analysis for possible interactions amo@G& lBomponents. In addition to
fulfilling the requirements for data analysis prdaee mentioned above, | employed
Park and Chen’s (2012) approach based on the pentagpdel (Park & Oliver,
2008b) to investigate the interactions among thapmments. A stepwise procedure
for the data analysis for interactions among PCKponents was performed: In-
depth analysis of explicit PCK, enumerative apphnoaend constant-comparative

method. All these approaches will be explainedafollowing parts.
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3.7.2.1. In-depth analysis of explicit PCK

In-depth analysis of explicit PCK (Park & OlivelQ@8a; Park & Chen, 2012)
was used in order to designate the componentsratezinto a teacher's PCK in a
particular “teaching fragment”. In this approacHirst defined “teaching fragment”
from the teachers’ instructions, which include ategration of two or more PCK
components in the pentagon model. In other wordsaehing fragment represented
the existence of two or more PCK components. Initeag a teaching fragment
reflected what the teacher and students did, thehts’s and students’ role, which
components of PCK were interplayed and evidenddefpresence of the portrayed
components. This delineation was derived mainlynfrabservations of instructions,
but completed through interviews and instructiodacuments used in teaching
fragments. In order to determine whether a conoeatias obvious in any of the data
source, | used the categories explained before f{abke 3.3). For instance,
participants’ use of a specific teaching methodatlress a specific curriculum
objective portrays a connection between knowledgeuaiculum and instructional
strategies. A teacher might design an instructionwhich students make an
experiment in order to address the objective indhemistry curriculum [students
understand the effect of catalyst on rate of reagtiAdditionally, these teaching

fragments constituted the unit of analysis for gtigdy (Merriam, 2009)

3.7.2.2. Enumerative approach

Enumerative approach was used to present the laysrpamong PCK
components in a clear and explicit way (LeComptePg&eissle, 1993). After
employing in-depth analysis of explicit PCK andntfying teaching fragments, the
interactions among the PCK components were presdnteutilizing the pentagon
model as an analytic device. This analytic devias wamed PCK map (Park &
Chen, 2012). As seen in Figure 3.3, each map imgobircles indicating each PCK
component. When | found a connection between arthetwo components in the
data, | showed that connection on the map with nk lbetween the related

components. Assume that one interaction was detert®ng knowledge of learner,
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curriculum, and instructional strategies as depiateFigure 3.3. | assumed the same
strength of 1 for each link on PCK maps for analytonvenience similar to what
Park and Chen (2012) did.

Figure 3.3Example of the first step of the enumerative appiho

STO: Science teaching orientations, KoL: Knowledgkarner, KoC: Knowledge
of curriculum, KolS: Knowledge of instructional ategies, KoA: Knowledge of

assessment

The same procedure was followed for all teachiagrfrents. The frequency
of the link between any of the two PCK components wsummed up across all
teaching fragments and it was represented on thé N&p. Therefore, the numbers
on the line designate the frequency of the intevast between any of the two
components. For instance, Figure 3.4 shows Sim§&& map for chemical

equilibrium topic.
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Figure 3.4Simge’s PCK map for teaching of chemical equilibriu
STO: Science teaching orientations, KoL: Knowledfkarner, KoC: Knowledge
of curriculum, KolS: Knowledge of instructional ategies, KoA: Knowledge of

assessment

This map indicates that there are eight teachiagnfients identified, and in
these fragments knowledge of curriculum and insiwnal strategies are
interconnected. Moreover, there are three teachagments identified and in these
fragments knowledge of assessment and instructsinaiegies are connected. The
more interactions among PCK components a teactirtha more interactions on
PCK map are. On a PCK map, the frequency of eathdémonstrated the strength
of the link, because each link is given “1” for ggength. Therefore, the higher the
frequency of the link is, the stronger the link es (Park & Chen, 2012).

In addition, the numbers in each circle indicatewhmany times the
components were linked with other components onRE¥& map. For example,
knowledge of assessment was connected 14 timestlhvatbthers, while knowledge
of instructional strategies was connected 18 timiés the other components. Finally,
| constructed all participants’ PCK maps for bathdhing reaction rate and chemical

equilibrium.
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3.7.2.3. Constant-comparative method

After identifying teaching fragments and constmigtiPCK maps for the
teachers, constant-comparative method (Glaser &uSs$r 1967) was used to
diagnose common patterns and regularities amon&@te maps without using any
prior categories or framework. Constant comparativethod of data analysis is
primarily inductive and comparative (Merriam, 2008¢cording to this method, one
fragment of data was compared with another one doidé similarities and
differences, and then the data are grouped togetiggr a similar dimension. This
dimension is tentatively given with a nhame, an@résents a category or a theme.
Identifying patterns in the data is the overallgmge of this analysis. Accordingly, in
this study, all PCK maps for each topic were comgaand contrasted in order to
recognize the similarities and differences betwiéam. Then, they were ultimately
grouped under similar themes and patterns. Conaélguthe identification of these
themes and patterns indicated nine assertiontiéantegration of PCK components.

3.8. Reliability and Validity Issues of the Study

Ensuring validity and reliability in a qualitativeesearch is different from
quantitative research, because their research rdesage based on different
assumptions. Therefore, many writers should kedglityaand reliability from a
perspective appropriate with the philosophical agstons underlying the paradigm
(Merriam, 2009). These resulted in naming the tedifferently while dealing with
issues of validity and reliability in qualitativeesearch (Lincoln & Guba, 1985).
Lincoln and Guba (1985) recommend using credibilityansferability and
dependability respectively instead of using intenvelidity, external validity and
reliability. Several strategies were offered in erdo improve the validity and
reliability of qualitative studies. The followingapts will present what the strategies
appropriate for maintaining the dependability, doédy, and transferability in the

study are.
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3.8.1. Dependability

Dependability or qualitative reliability displayshet consistency of the
researcher’'s approach with different inquirers difterent projects (Gibbs, 2007).
Creswell (2007) stated that dependability ofteen®to the “...stability of responses
to multiple coders of data sets” (p.210). Merrié&2@(9) emphasized that whether the
findings are consistent with the data gathereches @f the most important questions
in qualitative research. In order to ensure depeaifitta of this study, several
procedures offered by Gibbs (2007) were followddstFI checked all transcripts to
ensure that they did not include any evident mesakade during transcription.
Second, | tried to ensure that there was not &idrthe description of codes, a shift
in the meaning of the codes throughout the codnogess. | tried to overcome this
by constantly comparing the data with the codeskgndgriting notes about the codes
and their description. Third, cross-checking oeiobder agreement was conducted
to determine the level of consistency of the codirtys intercoder agreement shows
whether two or more coders agree on codes utiliaethe same part of the text. In
this study, an external coder who has experiencquatitative research, chemistry
education, and PCK and | coded the interview datdetermine the level of coding
consistency. | gave the PCK coding table to theraal coder to be able to identify
categories for analyzing data. We coded one ofrteeview data independently for
possible interactions among PCK components in tegclragments and then
compared our coding. The important key issue wasrohening whether the same
teaching segments were coded in the same way. VWdynagreed on the coding;
however, some discrepancies between codes were Aedms point, | calculated
inter-rater reliability to decide the consistencynang the number of same
interactions of PCK components. To do this, | usetbrmula recommended by
Miles and Huberman (1994) to calculate reliabifi;

Reliability = Number of agreements/ (Total numbeagreements + disagreements)
x 100

97



Initial agreement on the coding of the data wasutated as 88%. For good
qualitative reliability, Miles and Huberman (19%l)ggested that the consistency of
the coding should be in agreement at least 80%hef time. After resolving
inconsistencies between the coders, we coded anioteeview data independently.
Finally, we reached about 95% agreement, revealiggod level of agreement.

3.8.2. Credibility

Credibility means deciding whether the results aerurate from the
standpoint of the researcher, the participantherreaders of an account. Credibility
is interested in the question how research resulch reality (Merriam, 2009).
Therefore, the inquirer should check for the accyraf the findings by applying
several strategies such as triangulation, membeckahng, prolonged engagement,
peer debriefings, clarifying the bias, and negatiase analysis (Creswell, 2009).

The present study incorporated triangulation, mendbecking, prolonged
engagement, and peer debriefings to increase digdibf the findings of this
gualitative research.

3.8.2.1. Triangulation

The rationale of triangulation is based on “...themise that no single
method ever adequately solves the problem of rexgdlanations” (Patton, 2002,
p.555). Each method brings out different aspectempirical reality. Therefore,
multiple methods of data collection and analysievfgte cross-data consistency
checks (Patton, 2002). According to Creswell (20@Tangulation process includes
corroborating evidence from multiple sources, md#hanvestigators, and theories in
order to enlighten a perspective or theme.

There are four different types of triangulation: thuels triangulation,
triangulation of sources, analyst triangulationd dheory/perspective triangulation
(Patton, 2002). Methods triangulation means goingpugh the consistency of
findings produced by various data collection methobriangulation of sources is

reviewing the consistency of various data sourcilsinvthe same method. Analyst
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triangulation is utilizing several analysts to exaenfindings. Theory/perspective
triangulation is utilizing several theories or gEstives to infer the data. In order to
increase credibility of this study, triangulatioh smurces and analyst triangulation
were used. For triangulation of sourcesjltiple data sources involving card-sorting
task, pre-interview in the form of CoRe, observagioof instructions and post-
interviews about instructions were utilized. Bysthneans, | could compare and
cross-check the consistency of information obtaiméddifferent times and by
different instruments. For instance, | compared plagticipants’ observations of
instructions with their post-interviews about thi@structions. | compared and cross-
checked their card-sorting task with their obseovet of instructions and post-
interviews about instructions. For analyst triamgioin, | used one observer and one
analyst. During data collection process, the olmewho knows PCK literature, its
components and how to observe PCK, observed ahégs’ four teaching sessions
in each topic. After the observations of teachingnd the observer discussed our
observations by focusing on PCK components, and thached consensus on our
discrepancies. Thus, | tried to diminish the pa&tiias that originated from a single
person collecting all data sources. In additionplld assess the consistency of the
data gathered. Moreover, | and the analyst indegrghd analyzed the same
qualitative data and compared our findings. Thislgst had experience on
qualitative research, chemistry education, and P@i. independently coded the
data for possible interactions among PCK componerten, | constructed PCK
maps. After that, we independently compared paditis’ PCK maps. Finally, we

attained a consensus on themes which were obtaidadtively from these maps.

3.8.2.2. Member checking

Member checking is deciding the accuracy of thelifigs by getting the
particular definitions or themes or final reportkdo participants and whether these
participants sense that these findings are accy€reswell, 2009). According to
Lincoln and Guba (1985), member checking is the tmgortant strategy for

ensuring credibility. Instead of taking back therri@anscripts to check for accuracy,
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the researcher should take analyses, interpresatiand conclusions back to the
participants so that they can assess the accuratlyem (Creswell, 2007). After
finishing in-depth analysis of explicit PCK and stmicting PCK maps, | asked the

participants of this study to check the data, aatieg, and interpretations.

3.8.2.3. Prolong engagement

Spending prolonged time in the field gives the aesleer a chance to develop
a comprehensive understanding of the phenomenoar stddy (Creswell, 2009).
Moreover, the researcher can deliver details atfmufield and the participants that
contribute credibility to the narrative account. &ihthe researcher gain more
experience with participants in natural settingdings will be more accurate or valid
(Creswell, 2009). Taking all these issues into antoin this study, | spent more
than two months with the participants and obsertrein in order to gain more
experience with participants of the study. Durihgs ttime, | observed their classes
and talked with them about their instructions, stud, curriculum, and context. This
provided me an in-depth understanding of the phemam, the research setting and
the participants of this study.

3.8.2.4. Peer debriefing

Peer debriefing is used to improve the accuradgphefaccount. It consists of
arranging a person (a peer debriefer) who checksod asks questions about the
gualitative study (Creswell, 2009). Two of my caligies who had experience in
both qualitative research and PCK helped me througtcollecting, coding,
analyzing the data and interpreting the findingeider to enhance the accuracy of
the account.

In addition to all these strategies, Patton (2082jued that credibility of
gualitative inquiry also depends omhé credibility of the researchemyhich is
dependent on training, experience” (p.552) apkiilbsophical belief in the value of
qualitative inquiry that is, a fundamental appreciation of naturalishquiry,

qualitative methods, inductive analysis, purpossfhpling, and holistic thinking”
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(italics are original, p.553). Before conducting fbresent study, | took a seminar on
qualitative research in my faculty. | have read ynqualitative textbooks to explore
qualitative inquiry. In addition, | conducted sealequalitative studies with my
colleagues and | gained experience about quaktatiguiry consisting of qualitative
methods, purposeful sampling, inductive analysig] holistic thinking. All these

evidence supported me to improve my credibility.

3.8.3.Transferability

Transferability is concerned with what extent timglings of one study can be
implemented to other situations (Merriam, 2009)isTimeans, “How generalizable
are the results of a research study?” (p.223)rderao increase the possibility of the
findings of a qualitative research transferrin@tmther situation, the best way is the
use of rich and thick description. This consistsaofdescription of the setting,
participants of the study, a detailed descriptidntlee findings with sufficient
evidence represented in the form of excerpts froartigpant interviews,
observations, and documents (Merriam, 2009). Toieaeh transferability, the
researcher of this study explicitly explained alages of the research design
involving participants, the context of the studgalcollection sources, data analysis
and the findings with sufficient evidence from tparticipants’ interviews, field
notes, and documents. Another strategy for incngasansferability is to select the
sample carefully.

Until now, issues of dependability, credibility, dartransferability were
discussed. The next parts will present databasetsae@searcher’s background and
role, ethical issues, negotiating entry, and ticteeslule in detail.

3.9.Key Words and Databases Searched

Key terms were decided based on the literature.ifitial key terms are PCK,
interplay among PCK components, experienced sci¢éeaehers, novice science
teachers, and science education. General sourads asl Educational Resource

Information Center (ERIC), Science Direct, and in&ional Dissertation Abstract
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were used for searching these terms and locatingapy sources. In addition,
primary sources in Turkey such as Education an@r8ei, Hacettepe University
Journal of Education, Eurasia Journal of Mathersatf8cience and Technology
Education, Eurasian Journal of Educational Reseaasold Educational Science:
Theory and Practice, Elementary Online, Gazi UrsiNgrJournal of Education,
Cukurova University Journal of Education, and Kasiau Education Journal were
searched. Moreover, to reach books, | did resesrdeveral libraries in different

universities (e.g., Middle East Technical Univers@®azi University).

3.10. Researcher’s Background and Role

In qualitative research, the role of the researeéh@omplex and s/he is the
primary instrument for collecting, analyzing andenpreting data (Merriam, 2009).
Therefore, it is important to give information abdlie background and the role of
the researcher.

As the inquirer of this research, | am a PhD caadicind a research assistant
at the Department of Secondary Science and Mathesnatucation in Faculty of
Education in a public university. Throughout my &ay experience as a research
assistant, | assisted various undergraduate couesgs, Practice Teaching in
Science/Mathematics Education, School Experience Soience/Mathematics
Education, Instructional Technology and MaterialvBlepment), and graduate
courses (e.g., Research Methods in Education).r8efenducting this study, | took a
seminar on qualitative research given by an aswogeofessor in my faculty. In
addition, | was involved in various research stadid qualitative research and |
gained experience about qualitative inquiry andhogbdlogy.

One of the important issues related to researchels to decide the extent to
which the researcher will be a participant in te#isg being investigated (Patton,
2002; Merriam, 2009). The role of qualitative resbar may change from a non-
participant to a complete participant (CreswellD20 In the present study, | had a
non-participant role (i.e., complete observer) sincaimed to examine how the

teachers’ integrated their PCK components intortteachings. Therefore, | only

102



observed all lessons of the teachers without paatieg. | took a seat at the back of
the classroom. | observed all teachers’ teachisgismes, responses of the teachers to
students’ questions, difficulties, and misconcepioThroughout observations of
these teaching sessions, | took as much as higlsigrightive field notes.

Another important issue related to researcher iol® decide the extent to
which participants in a study are informed thaithee being observed and stated the
purpose of the study (Patton, 2002). In a studwtigi@ants’ awareness varies from
full disclosure to no disclosure. Participants nigtt quite differently when they are
aware of being observed (overt observations) wiole they act naturally when they
do not know they are being observed (covert obsens) (Patton, 2002). The
ongoing argument is that “...covert observationsraoge likely to capture what is
really happening than are overt observations wiieeepeople in the setting are
aware they are being studied” (Patton, 2002, p.269)the other hand, Instutional
Review Board (IRB) rejects to confirm research ihickh people are observed and
studied without their knowledge or consent (Pat@®02). The participants of this
study were mostly informed that they were beingeobsd and were told the purpose
of the study. | told them the purpose of this stwdgs to examine how they
integrated their PCK components into their teaclohgeaction rate and chemical
equilibrium topics.

The other important issue related to researcHerisdche amount of time that
researcher spend in the context (Patton, 2002prBefonducting this study, | met
with the teachers several times in the school. m@uthese visits, we talked about
how they teach chemistry, their weekly scheduleirttbackgrounds, national
chemistry curriculum, and their workloads. As | eped before, | participated all
teachers’ teaching sessions and spent more thamomths. | had to go to the school
five days in a week because the teachers’ weekigcsdes were different from each
other. During this time, | observed their teachiagsl conducted interviews at the
end of each week about their teaching of reacte and chemical equilibrium. In
addition, | also spent time with them during theieaks. Therefore, we had enough
time to understand and trust each other.
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3.11. Negotiating Entry

First of all, I went to the school to meet the tears. | explained them the
purpose of the study. They reacted very positivetyl accepted to participate
voluntarily in the study. They asked me to speakh®school principal in order to
get necessary permission. After writing a lettemapplication, the department chair
and my supervisor signed it. Then, | applied to sisbool to get the necessary
permission. The school principal was also positimd easily approved of my study.
In addition, they encouraged me to conduct a rekaartheir school. | did not want
the school administration to change anything (epdan, schedule, etc.). After
starting to conduct this research, | did not entewany communication problems
with the participants. | did my best to be a gosteher and observer in each step of

the research.

3.12. Ethical Considerations

Before conducting this study, first of all, ethicsthndards were taken into
consideration. Therefore, | applied to InstitutibReeview Board (IRB) and got the
necessary permission for implementing the reseasfore conducting the study
(Appendix E). This board endorsed that the pariicip would be informed about the
purpose of the study and no potential risk or havere involved in the study.
Anonymity of the school and the participants wasueed. Pseudonyms were used
for all participants. In addition, all the partiaipts voluntarily accepted to attend the
study by signing a consent form. With this congenn, they were fully aware of the
purpose of the study and they were informed abbeir trights. If they felt
disturbance, they could quit participating in thady. Moreover, all participants
were informed about data collection sources andiigeof an audio recorder. In this
way, a possible psychological harm might be pread:nAdditionally, nobody except
the researcher, the supervisor, and other codeat@gbs to the data gathered for the
study. Thus, all the issues pertaining to ethicsaimesearch (deception of the
participants, protection of the participants frorarrh, and confidentiality) were

ensured.
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3.13. Limitations of the Study

There are several limitations of the present stiédsst, this study involves
small number of participants and the generalizghilf the results of this study may
be limited. However, the intent of a case studipibroaden and generalize theories
and not to make a statistical generalization (2009). Accordingly, the purpose of
this study is to broaden the theory of PCK esphlcialterms of the interactions of
PCK components within a specific discipline and rot make a statistical
generalization. In addition, one general principlequalitative research consists of
gathering comprehensive detail about research ignesby studying a few sites or
individuals. Therefore, | observed three teachel@sses which lasted 12 lessons a
week. If | had chosen to study with more numbertezchers, | could not have
observed all teachers’ lessons because of somélgosserlaps in their schedules
and could not have obtained detailed informatiotrield to illuminate the readers’
understanding of the phenomenon by providing rictl thick descriptions about it.
The expectation is that the findings of this reskanay be replicated and developed
upon.

Second, the existence of the researcher in thesrolasm might have
influenced the participants’ behaviors. In orderntinimize my influence on the
participants, | always reminded them of my intehich was to observe their classes
and to talk with them about their instructions,d&mts, curriculum, and context
without criticizing and judging them.

Finally, another limitation of this study was thaissumed the same strength
for each connection among PCK components while ecimy the PCK map
approach. This might lead to a risk of oversimptiythe complex construct of PCK
(Park & Chen, 2012). Still, it is a valuable effdsecause PCK map approach helped
me to identify, quantify, and visualize the intengd among PCK components. Thus,
| made a pictorial demonstration of the relatiopshamong PCK components.
Further studies may investigate the strength aralitguof the interactions among

PCK components across different topics.
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3.14. Time Schedule

Data for the study were collected from three chémigachers working in a
private high school in Ankara at the fall semestdhe academic year of 2013-2014.
A timeline showing the order of events conductedtiie data collection is given in
Table 3.4.

Table 3.4Timeline for the research

Date Events

June 2012 - November 2012 Design of the study

November 2012 - April 2013 Development of actistieand data
collection sources

April 2013 - August 2013 Pilot study of the instrems and the
last version of data collection tools

October 2013 - January 2014 Data collection-Impisiaieon

July 2014 - August 2015 Data Analysis

August 2015 - November 2016 Writing  results, cosido, and

discussion parts

3.15. Assumptions of the Study
There were several assumptions about the partitsigand nature of PCK, which are:

» Participants have enough subject matter knowledgeaching reaction rate
and chemical equilibrium.

» Participants are information-rich cases.

« The same strength of 1 for each link on PCK mamssimed for analytic
convenience.

* The teachers participated and answered all thetiquesin the interviews

seriously and honestly.
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CHAPTER 4

RESULTS

In this chapter, results of the analysis of tea€hBCK maps are presented.
To do this, | carefully examined the CoRes, obdemanotes of instructions and
pre- and post-interviews in terms of whether thexested any interaction among
PCK components of teachers. As a result, the asabfsthe teachers’ PCK maps
(see Figure 4.1) yielded nine assertions regardivg interaction among PCK

components as shown in Table 4.1. In the followoags, each assertion is explained
in detail with examples.
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Reaction Rate Maps Chemical Equilibriurapd

Imed

abwis

yeing

Figure 4.1 PCK Maps
STO: Science teaching orientations, KoC: Knowleaeurriculum, KoL:
Knowledge of Learner, KolS: Knowledge of instrucid strategies, KoA:

Knowledge of assessment
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Table 4.1Nine assertions regarding the interaction amonl§ B@nponents

Assertions regarding the interaction among PCK compnents

1. The novice teacher’s orientations towards scieimcepntrast to the
experienced teachers, were much broad and nonfispadiich impeded
the connections among the components,

2. The integration of the PCK components was idiosyticiand topic
specific,

3. The novice teacher's PCK maps were fragmented windeexperienced
teachers’ PCK maps were integrated,

4. Knowledge of learner, knowledge of curriculum amdwledge of
instructional strategies were central in the ingyp of all teacher maps,

5. The novice and experienced teachers displayedeliféevels of
complexity in their interactions among PCK compdsen

6. The experienced teachers had much more two-wasatitens among
PCK components than the novice teacher,

7. The experienced teachers were more successf@rislating their
knowledge into practice in terms of the integra@nong PCK
components than the novice teacher,

8. Teacher self-efficacy appeared to play a role @irthse of PCK
components and constructing of interactions ambami

9. All teachers taught the same topics with similasten plans and same
instructional materials; however, they differedenms of how effectively
they connect the PCK components.

4.1. The novice teacher’s orientations towards sciee, in contrast to the
experienced teachers, were much broad and non-spgcj which impeded the

connections among the components

To gain a better understanding of the interactidghs study includes an
analysis of the participants’ science teachingragons because it is known that it
is an overarching component of PCK and influendes dther PCK components
(Grossman, 1990). To elicit the participants’ sceeteaching orientations, data were
collected through card-sorting task, classroom asens, and weekly post-
interviews about instructions. First, the resultsard-sorting task conducted before
the observations of the instructions are displayedable 4.2. This table describes
the teachers’ science teaching orientations basdtiree categories: representative,

not representative and unsure. For instance, gctiviven, discovery, conceptual

109



change, process, guided-inquiry were among th@seigeaching orientations chosen
for representative category. The experienced teackelected didactic, history of
science and high stakes university entrance exanmdb representative category,
while the novice teacher did not select anything tftat category. Project-based
science, science-technology-society, terminologyewaamong the science teaching

orientations chosen for unsure category.

Table 4.2 Teachers’ science teaching orientations deriveth fcard-sorting task

before their instructions

_eacher Burak
Scenarios

Simge

Bettil

Representative  Activity-driven Activity-driven Activity-driven
Discovery Discovery Discovery
Conceptual Change Conceptual Change Guided inquiry
Process Guided inquiry Project-based
Academic-rigor Process science
Curriculum goal:
Terminology
Not Didactic Didactic Not been selected
representative Curriculum goal: Academic-rigor
History of science  Curriculum goal:
High stakes History of science
university entrance High stakes
exam university entrance
exam
Unsure Guided inquiry Curriculum goal: Didactic
Curriculum goal: Terminology Conceptual
Terminology Curriculum goal: Change
Curriculum goal: STS Academic-rigor
STS Project-based Process

Project-based
science

science

Curriculum goal:
History of science
High stakes
university entrance
exam

Curriculum goal:
STS
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On the other hand, during classroom observatiodspast-interviews about
the instructions, | realized several conflicts betw teachers’ science teaching
orientations elicited during card-sorting task k@alas ideal orientations) and real
classroom practice. In other words, the informatedicited from the card-sorting
task was not consistent with the observations eftéachers’ instructions and post-
interviews about their instructions. Therefore,ldoatried to elicit their observed
orientations based on long-observation period amdt-imterviews about the
instructions as shown in Table 4.3. This table dess the teachers’ central (e.qg.,

didactic) and peripheral goals (e.qg., activity-eny.

Table 4.3 Teachers’ science teaching orientations: centrdlgeripheral goals from

long-observation period and post-interviews abbatihstructions

Teachers Central goals Peripheral goals

Burak To relate chemistry to daily life To prepare learners to high
(Everyday coping) stakes university entrance
To provide necessary knowledge teexam
learners (Didactic) To make learners active with
To develop conceptual materials and hands-on
understanding of chemistry experiences (Activity-driven)
(Conceptual change) To represent chemistry with
To develop science-process skills difficult problems and
(Process) activities (Academic-rigor)

Simge To provide necessary knowledge toro relate chemistry to daily
learners (Didactic) life (Everyday coping)
To develop conceptual To prepare learners to high
understanding of chemistry stakes university entrance
(Conceptual change) exam

To make learners active with
materials and hands-on
experiences (Activity-driven)
To develop science-process
skills (Process)

Betul To provide necessary knowledge toTo make learners active with
learners (Didactic) materials and hands-on
experiences (Activity-driven)
To develop science-process
skills (Process)
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When | compared the tables 4.2 and 4.3, there s@re differences between
all participants’ ideal and observed orientatioAsclose analysis of these tables
revealed that there were much more differences deivihe novice teacher’s ideal
and observed orientations than that of experieteachers.

According to the card-sorting task conducted befbecteaching sessions, the
novice teacher, Betll, chose the scenarios rdfigctiscovery, guided-inquiry,
activity-driven, project-based science and curdoul goal: terminology for
representative category. During implementing thel-carting task, she frequently
emphasized that one of her central goals wgsdweide opportunities for students on
their own to discover targeted science concégiscovery) The scenario reflecting
discovery was that

Scenario reflecting discovery science teaching origation: As a chemistry

teacher, you decide the best way to teach howafagereaction changes in

time is to let students discover the relation betwgme and rate of reaction

on their own.
In the pre-interview, she also stated that everydaying and guided inquiry were
also her essential science teaching orientationsveider, she could not reflect her
decisions on her teaching sessions that | obserBetlil selected the scenario
reflecting didactic orientation for unsure categdrgwever, it was observed that her
teaching was primarily based on lecturing. She gl information to students
didactically in most of her instructions. Her s@enteaching orientations was
dominated by the view that teaching as telling l@adning as listening. The scenario
reflecting didactic was that:

Scenario reflecting didactic science teaching orig¢ation: As a chemistry

teacher, you decide the best way to teach the reifte between

instantaneous and average rate is to use lectandgwrite the formulas of
instantaneous and average rate on the blackboard.
During post-interviews in combination with classmombservations, | realized that
she only held didactic orientation as a centrall goa activity-driven and process
orientations as peripheral goals. These discrepangiply that the novice teacher’s
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orientations towards science were vague. Duringpthst-interviews, | asked about
the reasons of these discrepancies. She mentibaedbaided chemistry curriculum
and her lack of teaching experience influenceditnsructional decisions. This view
is reflected in the interview excerpt below:

The first reason is that chemistry curriculum ig loaded; therefore, | have to

focus only on covering all the topics on time. ®ezond reason is teaching

experience. Actually, | would prefer to teach mgsiens based on discovery
and inquiry; however, | could not. Giving studemesponsibility to state
hypothesis, define variables, develop procedutesify explanations as well
as guiding students require teaching experienceati(B weekly post-
interview, reaction rate)

This ambiguity related to her orientations influedder interactions between
science teaching orientations and the other PCKpooents. When | analyzed
Betll's PCK maps, | could easily observe that isvilze orientation component with
which she constructed the least of links. In heKRftaps for both topics, science
teaching orientation did not have any link with Wkedge of assessment and learner
components. In order to address students’ miscoiocesp and difficulties, she
usually warned them and re-explained the confugiags without utilizing an
additional instructional strategies or materialsordbver, she did not check her
students’ understanding after her explanationghénweekly post-interview, Betll
answered my questions as follows:

R: Which difficulties did your students have whigaching reaction rate?

B: They had difficulties in expressing reactionerdioth in terms of rate of

decomposition and formation, and equating theseraias.

R: Before the instruction, were you aware thatghmlents might have these

difficulties or did you realize them while teachitige topic?

B: | had predicted.

R: How did you overcome these difficulties?

B: Because | thought that they might have theskcdifies on expressing

reaction rate, | warned them about possible dilties that they might face.
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In terms of peripheral goals, one of the goalshaf movice teacher (Betul)
was to activity-driven which reflects an instructicas “provide students to
participate in hands-on activities used for veation or discovery’

Scenario reflecting activity-driven science teachig orientation: As a

chemistry teacher, you decide the best way to te@emical equilibrium

topic is to have students do laboratory activities.

In order to achieve this goal, she sometimes uabdratory works. For instance,
after teaching factors affecting reaction rate, teher students to do cook-book
experiments related to the factors. She providédritory procedure step-by-step
that the students had to follow. She also told estt&l what data to gather and what
results to expect. It was observed that laborasmtyvities were solely used for
verification, since she always had students coreple® cookbook lab. As a result,
her instructions were mainly traditional, and heresce teaching orientation was
non-specific and didactic in nature which shapeditngructional decisions and how
to implement them. In other words, her non-spedaifid didactic orientation filtered
her instructional decisions.

Similar to Betil, during the card-sorting task, &kir(experienced teacher)
stated that discovery was one of his central g@add, Simge (experienced teacher)
stated that discovery and guided-inquiry were amafniger central goals. However,
they could not reflect these decisions on theichea sessions that | observed.
Although Burak and Simge selected the scenari@e®fig didactic orientation for
not representative category, it was observed tl&t teaching was primarily based
on lecturing. During the post-interviews, | askeboat the reasons of these
differences. They stated that loaded chemistryiautm and high stakes testing
influenced their instructional decisions and immkdReir ideal orientations. The
experienced teachers primarily focused on transmgithew terms and concepts to
students; however, they also gained much moreiadditgoals than did the novice
teacher. For instance, one of the central goathede experienced teachers was to

develop conceptual understanding of chemistry qusagonceptual change).
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Scenario reflecting conceptual change science teaaty orientation: As a

chemistry teacher, you decide the best way to tdaehelation between the

activation energy and enthalpy of reaction is t&enaut their misconceptions
by asking questions and then try to address thisicanceptions.

Additionally, relating chemistry to daily life (exmgday coping) and
developing science process skills (process) weméralegoals for Burak, while they
were peripheral goals for Simge. In addition, Buhatd peripheral goals such as
activity-driven, academic-rigor and preparing leasnto high stakes university
entrance exam. Simge also held peripheral goal® g activity-driven and
preparing learners to high stakes university ectraxam.

Different from the novice teacher, the experientedchers utilized their
distinctive science teaching orientations and teenaining PCK components
intensively. Although their teaching was generélased on lecturing, they enriched
their instructions with analogies, demonstratiar@mations, experiments, daily life
examples and simulations than did the novice teadieey used these instructional
strategies to demonstrate the relationship betwpenific concepts and phenomena.
Particularly Burak, the most experienced teachsedua variety of instructional
strategies and materials in order to eliminate $tisdents’ misconceptions. He
frequently stated in light of his teaching expecenhe was familiar with common
students’ difficulties and misconceptions in eacpid; therefore, he handled them
with an additional instructional strategy effectiveAs an example, he was aware
about students’ difficulties in understanding th#fedence between average and
instantaneous reaction rate. With a didactic se@em®aching orientation view, he
taught the difference between these two concep®rebly lectures supported an
analogy and questions in order to help his stud@usak was able to integrate his
knowledge of instructional strategy and knowledgéearner in light of his science
teaching orientation:

Assume that, you are travelling from city A to cBy The distance between

these two cities is 450 km and it takes approxifgdienours. What can you

say about your average velocity? [Students answérkd answer was 90
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km/h. Then, do you drive with the same velocity, B®/h? [Students
answered] No, it changes. So, are the average rstdntaneous velocity
same or not? [Students answered] No. (Burak, fielés, reaction rate)

In another example, Burak’s process science tegatiientation shaped the

way about how to overcome students’ misconceptitms&ther words, his science

teaching orientation influenced his knowledge oarter and knowledge of

instructional strategies. In the following intei@xcerpt, Burak stated that

| was aware of my students’ misconception thataimrendothermic reaction,
as the temperature is raised, only rate of forwastttion increases. When |
asked the reason, the students stated that acgotdithe Le Chatelier's
principle, for an endothermic reaction, an increaséemperature increases
only rate of forward reaction. Drawing graph is on@ant at this point. To
overcome their misconception, | wanted them to dgaaphs (concentration
vS. reaction path and reaction rate vs. reactidh)pand interpreted them.
They tried to draw these graphs. Then, | checked ttrawings and wanted
them to explain their graphs (Burak, weekly poseiview, chemical
equilibrium).

Similarly, in light of her process science teachingentation, Simge

encouraged her students to draw graphs and solestigns by using graphs for

some concepts and interpreted them in order todtalents develop science process

skills. For instance, in the weekly post-interviedvout the instructions, she stated

that

The students can solve verbal questions. For iogtahey can calculate the
enthalpy of reaction by using the formula (i.ee #nergy difference between
forward and reverse reaction) when the data arengwerbally. However,
when | write the same data on a graph, they casolot it [knowledge of
areas of students’ difficulties]. In addition, Ipect them to draw the graph of
enthalpy of reaction vs. reaction path, and thelyet number of particles vs.
kinetic energy. Therefore, in order for students/igualize the data, | want
students to draw graphs and interpret them [knoydedf topic-specific
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representations]. | believe that they understartteb€Simge, weekly post-

interview, reaction rate).

The excerpt above indicated that Simge’s processnse teaching orientation
informed her knowledge of learner and instructistedtegies components.

As seen in these examples, the novice teacheestations towards science
were broad, which impeded the connections amongctimeponents whereas the
experienced teachers, used their distinctive seigraching orientations and the
remaining PCK components intensively. Thereforeythad much more connections
and coherence among all components, regardles®pie than that of the novice
teacher.

4.2. The integration of the PCK components was idiosymatic and topic

specific

As explained in the methodology part, teacherstatige same topics with
the same instructional materials and similar leggans; however, their PCK Maps
differed from each other. Additionally, each teath®CK Map showed variances
for the two topics. These findings might be reslifrem the idiosyncratic nature and
topic-specificity of the integrations among the P@Emponents as exemplified
below.

First of all, all teachers had more interplay iraaon rate topic than
equilibrium topic in total. In addition, the expemniced teachers (Simge and Burak)
demonstrated more coherently structured PCK Map$dth topics than the novice
teacher (Betul). For instance, in reaction ratectopurak and Simge integrated the
PCK components 63 and 51 times in total whereagl Bgegrated only 28 times. In
chemical equilibrium topic, Burak and Simge conedcthe components 56 and 44
times in total respectively, whereas Betll integgadnly 22 times. For the frequency
of total interactions among PCK components for tieacrate and chemical
equilibrium, see Table 4.4.
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Table 4.4 The frequency of total interactions among PCK congmts for reaction

rate and chemical equilibrium

Topic Reaction Rate Chemical
Teacher Equilibrium
Burak 63 56
Simge 51 44
Betdl 28 22

Additionally, in reaction rate topic, the most expaced teacher, Burak connected
knowledge of learner, instructional strategiesricutum, assessment and orientation
components 30, 27, 29, 21 and 19 times, respegtilrechemical equilibrium topic,
Burak connected the same components, 20, 28, 31artB14 times, respectively.
Simge integrated knowledge of learner, instructiossrategies, curriculum,
assessment and orientation components 24, 27 42@ntl 17 times, respectively, in
reaction rate topic. Simge integrated the same ooents 22, 18, 26, 14, and eight
times, respectively, in chemical equilibrium top©n the other hand, the least
experienced teacher, Betll, integrated knowledgeaer, instructional strategies,
curriculum, assessment and orientation componént$6al, 13, seven, and five times,
respectively, in reaction rate topic. Betul intégththe same components 14, eight,
13, seven, and two times, respectively, in chemaqalilibrium topic. Throughout the
post interviews, Betil often confessed that teagltimemical equilibrium topic was
more challenging than reaction rate topic. Thiswis reflected in the interview
excerpt below:
| taught the “concentrations vs. time and ratetiwse graphs when a change
is made to a system at equilibrium” for the fiisté in chemical equilibrium
topic. Actually, it was difficult for me. | was nature whether | had a
misunderstanding or not. Therefore, before therucsbn, | observed both
Burak and Simge’s teaching of these graphs. Int@ddiin order to learn the
graphs, I tried to draw these graphs many timesrbdhe instruction (Betl,

weekly post-interview, chemical equilibrium).

118



Moreover, Betul expressed that because her studeeds many difficulties in
understanding the concepts in chemical equilibriteaching this topic was difficult
for her as she described below:

As a matter of fact, [in chemical equilibrium topi¢ knew what to teach
them step by step. However, because students h#ctulties in
understanding of heterogeneous and homogeneoudibaqm, and the
reasons of omitting concentration terms for soldsl liquids while writing
heterogeneous equilibrium, teaching chemical dguilim was difficult for
me (Betul, weekly post-interview, chemical equilion).

Another example for idiosyncratic and topic-specifature of interplays was
that the experienced teachers were able to utiimerelate all components whereas
the novice teacher did not make all connectionsrgm®CK components. As an
example, in Betll's teaching chemical equilibriung integration was observed
between her science teaching orientations and ladgel of learner as well as
science teaching orientations and knowledge ofsagsent components. Conversely,
the missing interactions in her reaction rate PC&pMere between science teaching
orientations and knowledge of learner, sciencehiegcorientations and knowledge
of assessment, and knowledge of assessment andtctiestal strategies components.
When analyzed the PCK maps of Betl, it could slyaeen that science teaching
orientation played an active role in missing pabecause Betll's science teaching
orientation was so broad and non-specific thatassussed in previous section.

The most and the least frequent interactions anieZl§ components showed
differences between the topics for the same teaghih indicated the idiosyncratic
nature and topic-specific nature of the interpl@lable 4.5). For instance, Burak’s
reaction rate PCK map revealed that the most fretqugeraction was between
knowledge of curriculum and instructional strateg{@O times), and less frequent
interactions were between science teaching orientataind assessment components
(three times) and between instructional strategresassessment components (three
times). In his chemical equilibrium map, the masigtient interaction was between
knowledge of curriculum and instructional stratsg{@2 times) and less frequent
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interactions were between science teaching oriensatand assessment components
(two times). Simge’s reaction rate PCK map showkdt tthe most frequent
interaction was between knowledge of curriculum andtructional strategies
components (10 times). The less frequent interastwere between science teaching
orientations and curriculum components (two tim&s)l between science teaching
orientations and assessment components (two tinfes). teaching chemical
equilibrium, Simge made more interactions betweaowtedge of learner and
curriculum components (11 times), and less inteacbetween science teaching
orientations and knowledge of curriculum compongoi® time). In Betil's reaction
rate PCK map, the most frequent interactions wéesewed between knowledge of
learner and instructional strategies (six timesy] between knowledge of curriculum
and instructional strategies (six times). In heerafcal equilibrium PCK map, the
interaction between knowledge of learner and culuim components (seven times)
was the most frequent one. In Betll's rate andléguim PCK maps, she did not
connect science teaching orientations with knowded§ learner and assessment
components. In addition, in her reaction rate PC#pymo interplay was observed

between knowledge of assessment and instructitmagékgies components.
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Table 4.5The most and least frequent interactions in thiégyaants’ PCK Map for

reaction rate and chemical equilibrium

The most frequent interactions The least frequent

interactions
Topic Reaction Rate Chemical Reaction Rate  Chemical
Equilibrium Equilibrium
Teache
Burak KoC- KolS (10) KoC- KolS (12) STO-KoA (3) STO-KoA (2)
KoA-KolS (3)
Simge KoC- KolS (10) KoL- KoC (11) STO-KoC (2) STO-KoC (1)
STO-KoA (2)
Betl KoC- KolS (6) KoL- KoC (7) STO-KoL (0) STO-KoL (0)
KoL- KolS (6) STO-KoA (0) STO-KoA (0)
KoA-KolS (0)

STO: Science teaching orientations, KoC: Knowledge curriculum, KoL:
Knowledge of learner, KolS: Knowledge of instruciéd strategies, KOA:
Knowledge of assessment.

One further example of the idiosyncratic and toggpecific nature of
interplays was the differences in both number andsof interactions among sub-
components of PCK for each teacher in differenic@pBurak could make much
more different types of interactions among sub-conemts of PCK than the other
teachers. In his reaction rate PCK map, Burak ltaty@es of interactions among the
sub-components, and in equilibrium map, he hadypés of interactions. When we
compared Burak's PCK map with the other two teax&henaps in terms of
interactions among sub-components, it appeared Bwabk had 14 types of
interactions in reaction rate and 10 types of adBons in equilibrium topic which
the other two teachers did not construct. As amgn@, solely Burak could connect
everyday coping [subcomponent of science teachimgntations] with teachers’
knowledge of goals and objectives [subcomponerknofvledge of curriculum] in
chemical equilibrium topic. He always tried to teathemical equilibrium concepts
by relating these concepts to daily life. In aduhti except Burak, the other two
teachers could not link knowledge of areas of gitglemisconceptions [sub-
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component of knowledge of learnevith knowledge of methods of assessment [sub-
component of knowledge of assessment] in rate aftien. The following quote
reflects this interaction in which his knowledge agsessment informed his
knowledge of learner:

| prepared a quiz [knowledge of assessment] in rorae test their

understanding of reaction mechanism. Accordincheoresults of the quiz, |

realized that some of the students were still ceinfyithe energy of activated
complex and enthalpy of reaction [knowledge of nea} (Burak, weekly
post-interview, reaction rate).

Simge had 27 types of interactions among the sualpooents of PCK in
reaction rate topic, and she had 24 types of intenas in chemical equilibrium topic.
When we compared Simge’s PCK map with the otherte@chers’ maps in terms of
interactions among sub-components, it appeared $irage had seven types of
interactions in reaction rate and one type of attons in equilibrium topic which
the other two teachers did not construct. For exepgmly Simge could link process
science teaching orientation [subcomponent of seideaching orientations] with
what to assess component [subcomponent of knowleflgesessment] in chemical
equilibrium topic. In the interviews, she always prasized that she wanted her
students to be able to draw graphs and interpesh ttor chemistry concepts. In light
of her view, in the exam she asked a question wivas$t

The Haber process enables the large-scale produatiammonia needed to

make fertilizers. The equation for the Haber predsgiven below:

N2 (9) + 3H (9) <« 2NH3 (g) AH <O

Draw the concentration vs. reaction pathway and vat reaction pathway

graphs for each case: a) Adding@ and b) increasing temperature.

When | asked the reason for asking this questiothenweekly post-interview, she
told that she wanted her students to draw graphlsirserpreted them in order to
develop their science process skills. In the examaidove, her process science
teaching orientation informed what to assess subpoment. Another example from
reaction rate topic, only Simge integrated knowkedgf areas of students’
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misconceptions [sub-component of knowledge of ledrwith knowledge of topic-
specific representations [sub-component of knowdediginstructional strategies] in
topic. This interaction was recorded as:

Researcher: Why did you prefer to use an animaetated to collisions of

molecules with proper and improper orientations?

Simge: Some students have difficulties in undeditap the collisions of

molecules with proper orientations at sub-microgcdpvel. Specifically,

they thought that every collision between reacfaarticles lead to products

[knowledge of areas of students’ misconceptions]oider to help them, |

used an animation [knowledge of instructional sqas] in order to show

collisions of molecules with proper and improperieotations at
submicroscopic level (Simge, weekly post-intervieggction rate).

On the other hand, in reaction rate topic, Betidl lemly 16 types of
interactions among sub-components, and in equilibriopic, she had 15 types of
interactions. When we compared her PCK maps wighadther teachers’ maps in
terms of interactions among sub-components, shehlgdone type of interaction in
chemical equilibrium topic which the other teachdrd not have. She integrated
knowledge of areas of students’ misconceptions-fgrbponent of knowledge of
learner] with knowledge of topic-specific activiigsub-component of knowledge of
instructional strategies] in chemical equilibriuapic. She explained this relationship
in the following excerpt:

Researcher: Why did you prefer to use the simulatibout the equilibrium

reaction of dinitrogen tetroxide (,)?

Betil: Even though chemical reactions can reachlibqum from both sides,

the students thought that equilibrium may only H#amed when only

reactants are added to the system [knowledge ofiddga Actually, when a

system at equilibrium undergoes a change in mdiesaztant or product or

mixture of them, the system will react in orderattain equilibrium (Betul,

weekly post-interview, reaction rate).
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All these findings indicated the idiosyncratic rmatiand topic-specificity of the

integrations among the PCK components.

4.3. The novice teachers PCK maps were fragmented wlglthe experienced

teachers’ PCK maps were integrated

The experienced teachers’ PCK components were nmnuly anore
comprehensive than those of the novice teachealsatdifferently formed in more
highly interacted modes. The experienced teachers able to utilize and relate all
PCK components whereas the novice teacher did nakemall connections.
Therefore, it can be concluded that whereas thécaadeacher's PCK maps were
fragmented, the experienced teachers’ PCK maps iwegrated.

The PCK maps indicated that the novice teachedyran¢éegrated science
teaching orientations and knowledge of assessmemher PCK. As an example, in
Betil's teaching of both reaction rate and chemegglilibrium topics, integration
was neither observed between orientations and deasamponents nor between
orientations and assessment components. Betll coaleé limited connections of
science teaching orientation with only curriculumdainstructional strategies
components for both topics. In reaction rate toplee could link orientation with
curriculum one time and with instructional stragsgifour times. She linked
orientation with curriculum and instructional segies only one time in chemical
equilibrium topic. Since Betil's science teachingwotation was so broad and non-
specific, this situation might decrease the intioac between science teaching
orientation and other PCK components. As | explhibefore, different from the
novice teacher, the experienced teachers used dmginctive science teaching
orientations and the remaining PCK components ettt Additionally, the novice
teacher’s limited topic-specific knowledge abouwrteer, instructional strategies, and
assessment components might also prevent the gtitera among the components.
For instance, in her teaching of reaction rate, sbeld not link knowledge of
assessment with knowledge of instructional stragegand science teaching

orientations. The only connections were observedwd®n assessment and
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curriculum components (two times) and between assesst and learner components
(five times) in reaction rate topic. In her teaghichemical equilibrium, she could
link knowledge of assessment with curriculum (twoes), learner (four times) and
instructional strategies (one time), whereas shealdcmot link assessment with
orientation component. Generally, when comparedexperienced teachers, the
novice teacher had a poor PCK which may preventintheractions among the
components. During the interviews, she frequengl§ected that she did not have
enough experience for teaching these two topiesgetbre she did not have enough
knowledge, for example, about difficulties and roisceptions that students had. She
was aware that students might have difficulties emsiconceptions; however, she
was not familiar with common students’ difficultiesd misconceptions in reaction
rate and chemical equilibrium topics. This viewe#lected in the interview excerpt
below:

Researcher: You will teach reaction rate topictifa first time. Do you think

teaching this topic is difficult for you or not?

Betil: It may be difficult for me in terms of stunte’ misconceptions because

| only know few student misconceptions in reactiate from the articles that

| read. However, | do not know what difficultiesidents have and what kinds

of questions they can ask about the topic whilehieay (Betl,pre-interview

in the form of CoRereactionrate).
Moreover, she stated that when she faced a dif§icalthe classroom, she did not
know the way to address it. She only warned hetesits and re-explained the points
that the students had difficulties. Her knowledféearner was not always connected
to their knowledge of instructional strategies. sThspect was reflected in her PCK
Map in chemical equilibrium topic. In her chemiegjuilibrium map, knowledge of
learner was identified 14 times, but only threetloé 14 were connected with
knowledge of instructional strategies. She did enteavor to help them better
understand it. An excerpt from weekly post-intewieflects this situation:

The students had difficulties in understanding théerence between

equilibrium constant (Kc) and reaction quotient YQihey frequently asked
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why we wrote reaction quotient as equilibrium canst and the difference
between them. In addition, the relation betweenamaoncentration of
reactants and products when the mixture goes tdilagum are another
difficult point for them. In order to overcome thelifficulties, | stressed that
point again and again (Betul, weekly post-interyielemical equilibrium).
Different from the novice teacher, the experientsathers could utilize all
PCK components and integrate them coherently. lildcde observed in their
teaching sessions that all PCK components inforeaeth other many times; this was
not the case for the novice teacher. For exampieg& in contrast to the novice
teacher, had enough knowledge about the learner iastductional strategies;
therefore, she easily connected them. When studedts misconception, she could
easily overcome it. The relationship between thesecomponents is illustrated in
the following quote from weekly post-interview:
Researcher: You used an illustration of quicklirnal¢ium oxide). Why did
you prefer to use this illustration?
Simge: | used it for heterogeneous equilibrium. Shedents had difficulties
in understanding why the concentration of [purdidsoor liquids is constant
[knowledge of learner]. When | explained the presaf the carbon dioxide
does not depend on the amount of Ca@@d CaO, it does not revive in the
students’ mind. In order to show that equilibriumdathe pressure of the
carbon dioxide does not affected by amount of tlsesestances, | used that
illustration (see Figure 4.2) [knowledge of instional strategies] and

explained it in detail (Simge, weekly post-intewjechemical equilibrium).
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CaCO;(s) —m=CaO (s) + COs (g)

P002 = Kp

Pco,does not depend on the amount of CaCO; or CaO

Figure 4.2 Quicklime (calcium oxide).

Similarly, Burak easily identified his students’ataing difficulties or
misconception and attempted to tailor his instardl strategies to overcome their
learning difficulties or misconception in both togi In other words, his knowledge
of learner was frequently connected to his knowdedfjinstructional strategies. For
instance, during the instruction, he drew the fwslteg graph on the board (see Figure

4.3) and asked the students:

Figure 4.3Potential energy vs reaction pathway graph
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Burak: Which step is the rate determining step?

Student 1: We cannot know this.

Student 2: The middle or the left one.

Burak: Please, come to the board and calculatadtieation energies.

Student 2: | do not know how to calculate it [aation energy]. (Burak,

observation of the instructions, reaction rate)
During the instruction, some students did not armlyhe energy and reaction
pathway graph, and which step the rate-determisiag in the reaction mechanism
is. Especially, they did not understand the retabetween slow step and activation
energy. Then, Burak used an analogy that was:

There are two barriers, one of them is low andatier one is high. Passing

over the high barrier needs much more energy ttessipg over the low

barrier. The number of people passing over the bawier per unit time is

much more than that of high barrier. Therefore, e same number of

people, passing over the high barrier will be slowen the low barrier

(Burak, observation of the instruction, reactioteya
Then, he made a connection between this analogyhaneklation between slow step
and activation energy in a reaction mechanism pheoito resolve the students’
difficulties. In the weekly post-interview, | askéde reason for using this analogy.
He stated that “The students could not understaadeaiation between activation and
rate-determining step [knowledge of learner]. Thaes | used that analogy
[knowledge of instructional strategies] in ordee tmake it [the relation between
activation and rate-determining step] much moreeustdndable” (Burak, weekly
post-interview, reaction rate).

As a result, all these examples indicated thanthace teacher’'s weak PCK
components prevented her from establishing powérfklamong them, compared to
the experienced teachers. Therefore, the novicehégd PCK maps were

fragmented while the experienced teachers’ PCK magpe integrated.
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4.4. Knowledge of learner, knowledge of curriculumand knowledge of

instructional strategies were central in the interpays of all teacher maps

The PCK maps indicated that the most central compksnin all teachers’
teaching were knowledge of learner, curriculum aindtructional strategies
components. In other words, all teachers frequantggrated knowledge of learner,
curriculum and instructional strategies componants their PCK. In particular,
Burak integrated knowledge of learner, curriculumd ainstructional strategies
components 30, 29, and 27 times, respectively actien rate topic, while he
integrated the same components 20, 31, and 28 timeequilibrium topic,
respectively. Similarly, in reaction rate topicnfgje connected knowledge of learner,
curriculum and instructional strategies compon@dts20, and 27 times respectively,
whereas, in her teaching of chemical equilibriuhre inked the same components
22, 26, and 18 times, respectively. These compsngeate also central in the novice
teacher’s instruction but not as much as expergtteachers’ instructions. In Betll's
teaching reaction rate, knowledge of learner (iftes), curriculum (13 times) and
instructional strategies (16 times) were the mestral components. In her teaching
chemical equilibrium topic, knowledge of learne# (fimes) and curriculum (13
times) were the most central components. In tiganek | concluded that curriculum,
learner and instructional strategies componentgegdian influential role in shaping
their PCK.

Furthermore, the connections among those three aoemps often appeared
in the teachers’ instruction. The more interactiansong PCK components indicated
its strength. Therefore, it can be inferred that thteractions among those three
components were the strongest among all interactiothe PCK maps. For instance,
in both Burak and Simge’s teaching chemical equililb, a strong connection was
observed between knowledge of curriculum and kndgdeof instructional strategies
(Burak: 12; Simge: 8). The close analysis amongcaubponents of PCK showed
that the experienced teachers’ knowledge abousgoal objectives to learn reaction
rate and chemical equilibrium topics [knowledge coifrriculum] most frequently
informed their knowledge of topic specific repres¢ions [knowledge of
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instructional strategies]. For instance, Simge dcancentration vs. time and rate vs.
time graphs [knowledge of instructional strategiesprder to teach Le Chatelier’s
principle [knowledge of curriculum], which statdsat when a system in chemical
equilibrium is disturbed by a change of a concéiunatemperature, or pressure, the
system shifts in equilibrium composition in a wanglining to respond the change
(observations of instructions, chemical equilibrjuiihen, | asked the reason for
using that graphs in the post-interviews, she dttitat:

They [the students] saw the effects of the chamgethe equilibrium much
more clearly on the graphs. Instead of explainivag the system shifts right
or left to respond the change, | tried to expléi@en with graphs. If they can
draw the graphs properly, they do not definitelyjkena mistake. Therefore, |
try to explain it [Le Chatelier’s principle] in thway [graphs] (Simge, weekly
post-interviews, chemical equilibrium).

Similarly, Burak frequently linked these two sulsgmwonents (i.e.,
knowledge about goals and objectives, and knowledde topic specific
representations). For example, he used the folipvainalogy in order to explain
dynamic equilibrium, which includes a forward reawcf in which reactants are
converted to products, and a reverse reaction, hithwproducts are converted to
original reactants, and the rate of these two m@astare equal (observation of
instructions). When it was asked during the wegkigt-interview; he stated:

In order to explain dynamic equilibrium [knowledggbout goals and

objectives], | used an analogy which was: “assuna¢ there are 12 students

in this class. Among these students, 11 of thensittiag and one of them is
standing. While the student who is standing will at the same time, one of
the students who is sitting will stand. The prodegging on. Anyone who is
looking this class from outside thinks that thex@® change in the number of
sitting students [knowledge of topic specific reganetations] (Burak, weekly
post-interview, chemical equilibrium).

Then, he connected this analogy to the chemicabmyn equilibrium with the

decomposition of dinitrogen tetroxide {&).
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Moreover, among all teachers, Burak connectedticzacate and chemical
equilibrium much more frequently both to the topiasght in previous years (e.g.,
gases, energy and bonding, etc.) and to topicshtamnihin the same grade (e.qg.,
enthalpy, endothermic reaction, etc.) while plagnand enacting their teachings
than the other two teachers. For instance, afehiag Le Chatelier’s principle, he
wanted his students to draw concentration vs. tand rate vs. time graphs of
formation of ammonia reaction when one of reactenélded and removed from the
system. After taking the students’ drawings andasjeéhe drew the graphs on the
board [knowledge of instructional strategies] bhtiag the topic to a previous one
(i.e., reaction rate) [knowledge of curriculum]. bhis example, he used his
knowledge of curriculum (i.e., horizontal relatiookthe topics in the same grade)
while drawing graphs [knowledge of instructionafastgies]. Additionally, he
wanted the students to draw concentration vs. am rate vs. time graphs of the
formation of sulfur trioxide from the oxidation etilfur dioxide when volume of the
system is increased and decreased. After takingttiteents’ drawings and ideas, he
drew the graphs on the board [knowledge of insivnel strategies] by relating the
topic to a previous one taught in previous yeae.,(icalculation of molarity)
[knowledge of curriculum] (Burak, field notes, chieal equilibrium). In this
example, he utilized his knowledge of curriculune.(ivertical relations of the topics
to the previous grade) while drawing graphs [knalgke of instructional strategies].

The novice teacher, Betul integrated mostly knogéedf learner with
knowledge of curriculum seven times in her teaclihgmical equilibrium. When |
analyzed the interactions among sub-componentsestttwo components, | realized
that her knowledge of goals and objectives [knog#edf curriculum] most
frequently informed her knowledge of areas of studdifficulty [knowledge of
learner]. To exemplify for this interaction, whilexplaining heterogeneous
equilibrium and writing equilibrium-constant expsem for a heterogeneous
equilibrium [knowledge of curriculum], she took th&udents’ difficulties in

understanding the reason of omitting concentratigoms for solids and liquids into
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consideration [knowledge of learner] (Betll, obs¢ions of instructions, chemical
equilibrium). This interaction was reflected in ihéerview excerpt below:

| predict that the student might have difficulties writing equilibrium-

constant expression for a heterogeneous equilibramd the reason of

omitting concentration terms for solids and liquidSherefore, while
explaining heterogeneous equilibrium, 1 tried t@ue on their difficulties.

Indeed, | can say that which concentration terngs anitted or not were

difficult for them (Betull, weekly post-interviewhemical equilibrium).

On the other hand, none of the teachers bring rewledge of subject-
specific strategies (e.g., learning cycle, inquingp play while teaching both topics.
Their teaching was generally based on lecturingyvdwer, they enriched their
instruction with topic specific activities and repentations. Burak, the most
experienced teacher, used much more frequentlyc-gpgecific activities (e.g.,
demonstrations, experiments, simulations) and tepecific representations (e.g.,
drawing graphs, daily life examples, analogieshis instructions than the other
teachers (observations of instructions). For irstame provided a lot of daily life
examples such as comparing rate of burning of waad oxidation of iron
(observation of instructions, reaction rate). Dgrihe instruction, he asked:

Burak: Are the rate of burning of wood and oxidataf iron similar or not?

Student: No. One of them is fast and the otheri®sow.

Burhan: Why one of them is slow and the other srfast?

Student 1: It can be related to the energy.

Burak: Can it be?

Student 2: Yes. The necessary energies for statimgeactions are different

from each other.

Burak: Yes, you are right. Have you heard anyttahgut activation energy?

[Some of the students had knowledge about it]. i&eessary energies for

activating them are different from each other. Wil walk about it later

(Burak, observation of the instructions, reactiatey.
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Moreover, he asked several questions related tg lifai in order to teach the effect
of temperature on reaction rate. During the insiong he asked:
Burak: Why do we put our foods into the freezer?
Student 1: In order for foods not to undergo sp@la
Burak: Why do the foods undergo spoilage?
Student 2: Actually, the foods undergo spoilagdahia freezer but it takes
much more time.
Burak: Can we say that temperature have an effectaction rate?
Student 3: Yes. (Burak, observation of the ingtams, reaction rate)
Moreover, Burak made several demonstrations. On¢hem was that a
demonstration with hydrogen peroxide,(@4) [topic-specific activities] in order to
teach the effect of catalyst on rate of reactiomojkledge of goals and objectives]
(observation of instructions, reaction rate). Thisservation was reflected in the
following excerpt:
He put hydrogen peroxide into a beaker and askedstidents how | can
decompose hydrogen peroxide. [Hydrogen peroxideos a very stable
compound; therefore, it is decomposes to watercayden. However, under
normal conditions, the decomposition goes very Bipwhe students told
that we can heat the solution. Then, he heatedahdion. They observed
bubbles. Burak created a discussion environmeohtterstand the reason of
this observation. After that, Burak asked the stislevhat else we can do to
increase its decomposition. One of the studentstt@t we can use catalyst.
Then, Burak put a piece of potassium iodide (Kl)aagatalyst and they
observed much more bubbles, because the reactesirgach more quickly.
Again, Burak created a discussion environment tetstand the reason of
this observation (Burak, field notes, reaction yate
In the weekly post-interview, | asked the reasorusihg that demonstration. He
stated that “I always expected students to makenBarence about the concept.
Therefore, | prepared that demonstration to shavréhationship between concept

and that phenomenon.” (Burak, weekly post-interyimmaction rate)
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4.5. The novice and experienced teachers displayed difent levels of

complexity in their interactions among PCK componets

When PCK segments from the teachers’ instructiorbath topics were
examined and coded, | realized a variety of compjer the interactions among the
components. Some of the interactions were very Isirtipat one PCK component
connected the other one while some others were lomatgd including more than
two different PCK components. In general, the @déons in Betll's teaching were
so simple that one PCK component was related tamther one. For example, her
knowledge of curriculum informed her knowledge oftructional strategies in
reaction rate. In the weekly post-interview, stegest that it was instructive to draw a
potential-energy diagram [knowledge of instructiosteategies] in order to teach the
activation energy associated with energy of thectesds and products, which is
stated in the national chemistry curriculum [knadge of curriculum]. Another
example for simple interaction was observed in Betteaching of chemical
equilibrium topic. In the example below, her knogde of assessment informed her
knowledge of learner:

Researcher: How did you evaluate your studentsérstdnding?

Betil: | prepared an essay type exam [how to asdessexample, there was

a question related to the equilibrium reaction ofilfls dioxide

(2SO(g)+0(g)—2S0s(g)), which was represented by the figure below

(Figure 4.4).

O o A
AA OO

o p oA

Figure 4.4 A Representation for the equilibrium reaction wifier dioxide
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In the figure, S@ is represented by triangle, $@& represented by square,
and Q is represented by circle. The question was thatvdrow the above
representation is changed when temperature andypesis increased.
Betll: In general, my students had difficultiessmiving this question. They
tried to solve this question without taking the fficeent of molecules into
consideration. They also thought that the reactaotecules had to be
consumed in order to reach equilibrium [knowledfjéearner]. This is a big
misunderstanding that | realized, because in ofdlela system to shift in
equilibrium composition, all molecules should be time system (Betl,
weekly post-interview, chemical equilibrium).

On the other hand, the experienced teachers imeecbed several PCK
components in most of their teaching segmeirs.general, Burak’'s teaching
segments in reaction rate and chemical equilibritopics had much more
complicated interactions than the other two teachd@io illustrate, in the pre-
interview, Burak stated

There was an objective in the™grade chemistry curriculum which read “to

explain the effect of temperature on chemical d@ouuim” [knowledge of

curriculum]. In general, the students had diffimdtin understanding the
effect of temperature on chemical equilibrium fondethermic and
exothermic reactions [knowledge of areas of stuglatitficulties]. In order to
help them and make an evaluation, | will designimstruction in which
students perform an experiment, collect and in&trgata, and then draw a
conclusion (knowledge of instructional strategiead aknowledge of
assessment) (Burak, pre-interview in the form of REo chemical
equilibrium).
Then, | observed that he made an instruction irclwvstudents made an experiment
to observe the effect of temperature on chemicailieqqum. After the instruction, in
the weekly post-interview about the instruction, stated that the learners realized
the effect of temperature on chemical equilibriusn €éndothermic and exothermic
reactions during the experiment. He added that tiey answered the questions
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correctly in the experiment report. It appeared thalight of his process science
teaching orientation, his knowledge of curriculund &tudents’ difficulties informed
his knowledge of instructional strategies as welhs knowledge of assessment.
Simge had both simple and complex interactions. aRkgg simple
interaction, for example, her knowledge of curnioul informed the use of
knowledge of assessment. Indeed, the interactitwea® these components was
simple that one PCK component informed the othee. dror example, in her
teaching rate of reaction, | observed that she ected a pop-quiz. In the post-
interview about the instructions, | asked her t@son why she used this pop-quiz.
She stated that:
In order to evaluate my students’ understandingraié expression and
calculation of rate and rate constant [knowledgeuwficulum], | prepared a
quiz [how to assess] and ask a question that weisigvof rate expression of
a reaction, and calculating rate and rate constanbat reaction [what to
assess] (Simge, weekly post-interview, reactioe)rat
The next example was related to complex interactiom her teaching chemical
equilibrium. During teaching heterogeneous equiitr, she tried to teach when a
system in heterogeneous equilibrium is disturbedalshange (e.g., concentration)
how the system shifts in equilibrium compositioreinvay tending to counteract the
change. She wrote the following reaction on thedhoa

CaCQ (s)« CaO (s) + CQ(g) AH >0
She asked her students:

Simge: How does the system shift when we add G&J©

Student 1: The system shifts right.

Simge: Any other idea?

Student 2: [The system] shifts right.

Simge: Please, remember how we wrote equilibriumstant expression for
an heteregenous equilibrium.

Student 3: The concentration the solids and liq@ids not included in the

[equilibrium constant] expression.
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Simge: In an heteregenous equilibrium, reactants @moducts can be in
different phases. The concentration change inahdssand liquids is always
constant. As we did for homogeneous equilibriurtis ldraw concentration
vs. time graph when we add Cagl€). (Simge, observation of instructions,
chemical equilibrium).

Then, she encouraged all students to draw thishgi@pe gave time to the students.

When some of the students had difficulties in dregagraph, she help them to draw

the graph and made necessary explanations. Wheket dher the reason why she

encouraged the students to draw graph, she stated:
While teaching heterogeneous equilibrium [knowleaddecurriculum], as |
expected, my students had difficulties in undeiditagn when a system in
heterogeneous equilibrium is disturbed by a chajujea concentration,
temperature, or pressure, how the system shiggjunlibrium composition in
a way inclining to respond the change] [knowledfdearner]. In order to
address their difficulties, | oriented them to dreencentration vs. time graph
when a change of a concentration, pressure, ordetyse occurs. In my
opinion, when they learn drawing this graph, then aunderstand this
[heterogeneous equilibrium]. [Her process orieptati informed her
knowledge of instructional strategies] (Simge, weelost interview,
chemical equilibrium).

In this example, she realized her students’ diffiea while teaching heterogeneous

equilibrium. To eliminate their difficulties, witthe influence of her process science

teaching orientation she used an instructionatesisa i.e., make them draw graphs.

4.6. The experienced teachers had much more two-way geractions among

PCK components than the novice teacher

To delve into the complexities regarding the natafanteractions among
PCK components, | did an analysis for the direciohthese interactions and drew
maps to show the directions of the interactionscléser look at the direction of

interactions among PCK components for all teachevealed that the interactions
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among the components were one-way or two-way diest An example for one-
way direction was that the teachers’ knowledgeusficulum always informed their
knowledge of assessment in all PCK maps. An exargplévo-way direction was
that in some teaching segments, the teachers’ leulgel of learner informed their
knowledge of instructional strategies whereas imesaeaching segments their
knowledge of instructional strategies informed t@owledge of learner component.

In Burak's teaching segments for both topics, theeractions between
instructional strategies and assessment, curricidochassessment, and curriculum
and instructional strategies components showeda@yeedirection (Figure 4.5). This
means that one of the components informed anotieer o

Figure 4.5Map for directions of the interactions in Burakésching segments

To illustrate, in all teaching segments of Burakewenhe linked instructional
strategies with his assessment component, alwaysuational strategies informed
his assessment component. A close analysis amdngasnponent of this interaction
showed that his knowledge of topic-specific repnéstions most frequently
informed what to assess sub-component. For instashoeng teaching chemical
equilibrium, he emphasized that in a closed systathat constant temperature, the
concentrations of the reactants and products meistonstant at equilibrium state.
After stating this condition, he used the followinlgustration which shows a
hypothetical reaction of X (g} Y (g), with X represented by circle and Y
represented by triangle (Figure 4.6) (observatiaih® instructions).
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Figure 4.6 Hypothetical reaction of X (g Y (Q)

He explained the condition stated above by showimg reactants and
products at sub-microscopic level before and aftersystem reaches equilibrium.
When the reason of using that illustration was dsHKering the weekly post-
interview, he stated that in order to picture osudlize the condition at sub-
microscopic level, he used it. After a while, a¢ #nd of the topic, he made an exam
and asked the following question:

The following diagrams represent a hypotheticattiea of A (g) —<B (g),

with A represented by white spheres and B reprededny grey spheres. The

sequence from left to right represents the systertinge passes. Use given

diagrams for questions i and ii

o O o o0 @ o0 [+} o @
o] o o o [+] o o
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i) Do the diagrams indicate that the system reachesqgaiibrium state?

Explain.
i) What is the equilibrium constant for the given teat?
During the weekly post-interview, we talked abdwe exam:
Researcher: There was a question in the exam detatesub-microscopic

level. Why did you ask this question?
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Burak: It is important to visualize the particles smb-microscopic level. |
always paid attention to it [sub-microscopic levalthe classroom; therefore
| tried to ask this kind of questions.

Researcher: Could they solve the question?

Burak: They could solve it much better than | expdc because they

practiced it in the classroom. (Burak, weekly postrview, chemical

equilibrium)

All the explanations above indicated that his kremge of topic-specific
representations (the use of representations atmsctoscopic level) informed his
knowledge about what to assess sub-component.

Regarding curriculum and assessment interactiomaya his knowledge of
curriculum informed his knowledge of assessmenecBigally, his knowledge of
goals and objectives most frequently informed wioatssess sub-component. An
example for this interaction, in order to evalu#tte objective in the curriculum
[students explain that how and why temperaturectsffeeaction rate], Burak asked a
question that was “Why does rate of reaction ireeeavhen temperature increases?”
in the open-ended exam. After the exam, we talkedithe exam and the reason of
using this question. He explained that

When | asked them [students] what is the effe¢enfperature on rate? They

told that it increases rate of reaction. When ledskhem how and why

temperature affects reaction rate, most of thenhdcoot answer it properly. |
am trying to ensure them to explain the things epheally [knowledge of
curriculum]. Therefore, | asked it [the questiokh¢wledge of assessment]

(Burak, weekly post-interview, reaction rate).

Moreover, in all teaching segments where Burak eoted curriculum and
instructional strategies components, always hisM@dge of curriculum informed
his knowledge of instructional strategies. Among-samponents of this interaction,
his knowledge of goals and objectives most fredqyenformed his knowledge of
topic-specific representations. For example, ireotd teach Le Chatelier principle,
he drew concentration vs. reaction progress amdwatreaction progress graphs, and
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expected students to draw these graphs for differeactions (observations of
instruction). During the post-interview, he statedt:

Actually, teaching Le Chatelier [principle] verbalis easy. They only

thought Le Chatelier [principle] as effect and @sge. However, when the

students draw concentration vs. reaction progress rate vs. reaction
progress graphs, they understand much better @&y Hiso understand the
relation between reaction rate and chemical equilb. Therefore, | used

these graphs to teach this principle. They betteletstand what happens in a

system when temperature is increased. In ordersimahze it [Le Chatelier

principle], use of graphs is much better [his krexge of curriculum
informed his knowledge of instructional strategi¢Blurak, weekly post-
interview, chemical equilibrium).

On the other hand, in Burak's teaching segmentsbderved that the
interactions between learner and assessment, teamdecurriculum and learner and
instructional strategies are two-way (Figure 4H)is means that in some teaching
segments his knowledge of learner informed his kadge of assessment whereas in
other teaching segments his knowledge of assessmientned his knowledge of
learner. For instance, Burak realized his studentsconception after using an
assessment task. In the weekly post-interviewtdied that

After the exam [knowledge of assessment], | redlitteatt my students had a

misunderstanding, which is concentrations of red@stand products are equal

to each other at equilibrium state [knowledge arier]. Actually, when
reaction mixture has reached equilibrium, the catra¢ions of reactants and
products no longer change. After realizing theirsumiderstanding, | re-
explained that part again [his knowledge of assessminformed his
knowledge of learner] (Burak, weekly post-interveevabout instructions,
chemical equilibrium).

In another example, his knowledge of learner infarhis knowledge of assessment.

He stated in the post interviews “I knew that thedents had difficulties in

understanding what happens to a heterogeneousbeiguil when a stress is applied.
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[knowledge of students’ difficulties]. Then, | peged a worksheet to decide whether
students were able to cope with these difficultigsibwledge of assessment].
The worksheet questions were:
Given the reaction
CaCQ (s)« CaO (s) + CQ(g) AH >0
1) Decide the direction of reaction when followingesises are applied one
by one and compare the initial and final conceitrat (or mass for solids)

of the substances.

Applied Direction of Mass of | Mass of | Concentration
Stress Reaction CaCQ CaO of CO,
Adding
CaCQ
Adding CQ
(9)
Decreasing
Volume
Increasing
Temperature

2) Draw concentration vs. reaction pathway and ratereaction pathway
graphs for each case

a) Adding CaCQ b) Decreasing volume c¢) Increasing temperature
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Time Time

Similar to Burak, teaching segments of Simge fathkopics revealed that

the interactions between instructional strategied assessment, curriculum and
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assessment, and curriculum and instructional giiegecomponents showed one-way
direction. On the other hand, interactions betwdearner and assessment,
curriculum and learner, and learner and instrueliostrategies were two-way

direction (see Figure 4.7).

KeC =1 KolS

Figure 4.7 Map for directions of the interactions in Simgi#aching segments

For example, regarding curriculum and instructiost@ategies interaction,
always her knowledge of curriculum informed her \Wiexlge of instructional
strategies. Among sub-components of this interactieer knowledge of goals and
objectives most frequently informed his knowledd@eopic-specific representations.
For example, in order to teach activated complex ihan unstable and intermediate
state, she utilized an analogy (Simge, observat@nmstructions, reaction rate).
During the instruction, she started to teach atibwmecomplex. She stated that:

Simge: Have you heard anything about activatedptex?

Students: .... [No answer]

Simge: The activated complex is an unstable grdugtams that occurs in

the highest energy state throughout a chemicaltiogacin a chemical

reaction, the activated complex behaves as annmetiate between the
reactants and the products. It is the temporartabtes group of atoms formed
when activation energy is reached. In this tempostate, all the bonds

between reactant molecules are not completely brokad all the bonds
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between products molecules are not completely fdrmiéhink about it:

[Sevgi], you are tied up with [EIlif]. While you ateaving from Elif, you are

tied up with [Hakan]. Neither you have left fromifelor are you tied up with

Hakan. It is an intermediary complex. (Simge, oba&on of instructions,

reaction rate)

After the lesson, | asked her the reason of uding dnalogy explained above, she
stated that:

| wanted to explain the activated complex whichais intermediate and

unstable complex [knowledge of curriculum]. | usefhnalogy] [knowledge

of instructional strategies] in order to specifiatthall the bonds between
reactant molecules are not completely broken, dhdha bonds between
products molecules are not completely formed (Simgeekly post-interview,
reaction rate).
There was also one-way interaction between cuumubnd assessment in her
reaction rate and chemical equilibrium teaching nsegs. Specifically, her
knowledge of goals and objectives most frequemtigrmed her how to assess sub-
component. For example, in order to evaluate thgctibe in the curriculum
[students determine the rate law for given reastiand calculate rate constant], she
conducted a pop quiz (Simge, weekly post-intervi@lsut instructions, reaction
rate). She provided evidence for this interactiothe weekly post-interview:

Researcher: You conducted a pop-quiz? What isstson of using it?

Simge: They learned rate law and how to calculate constant [knowledge

of curriculum]. In order to evaluate them, | preggrthat pop quiz

[knowledge of assessment]. | noticed that theynkegrwriting rate law and

calculating rate constant and did not have anycditfy in general (Simge,

weekly post-interview, reaction rate).

On the other hand, in Simge’s teaching segmentepderved that the
interactions between learner and assessment, teamdecurriculum and learner and
instructional strategies are two-way (see Figu@./fegarding two-way interaction
between learner and curriculum components, | olesketivat she explained chemical
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equilibrium by using students’ prior knowledge aboate of reaction. She also

explained equilibrium constant by using rate eaqumadis seen below:
Teacher: What is chemical equilibrium?
Student: There should be a reaction. Also, theoailshbe a reverse reaction.
If one reaction is endothermic, the other one [rexereaction] should be
exothermic. It should be reversible.
Teacher: Good. It should be reversible. Equilibriigna state in which there
are no observable changes as time goes by. Cheegjagibrium is achieved
when the rates of forward and reverse reactions eqeal, and the
concentrations of reactant and products remaintanhsPlease, tell me the
rate law for only forward reaction of aA+BB cC+dD.
Student: Rate=k*[A][B]"
Teacher: Good. Let's write it as Rgd@aray-Kk*[A] qB] b | et's tell me the rate
law for reverse reaction.
Student: Ratgverserk*[C] D] %
Teacher: What did we say? What is the first coaditfor the chemical
equilibrium?
Student 1: The rates of forward and reverse reaxthould be equal.
Student 2: We can equate them [rate law for forveard reverse reactions].
Teacher: Let’s write the equation a¥K] B]"= k*[C] [D]".

K= kifk=*([C]°[D]%)/([A]?[B]®) (Simge, observation of instructions, reaction
rate).
In the weekly post-interview, | asked her how skpl&ned chemical equilibrium,

she stated that
First, students should keep reaction rate in maeédrn chemical equilibrium
[knowledge of requirements for learning]. | usetéraquation while deriving
equilibrium constant expression [knowledge abou&lgicand objectives].
Students should see that we can derive equilibdanstant expression based
on rate equation. However, generally our studdmis tthat there was not any
relation between the topics. Therefore, | triedrémind the connections
between topics when it is needed. For instancegnted the students to write
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forward and reverse rate, and then made a ratiwweleet them in order to see

the relation between rate and equilibrium. [Teagheknowledge of

requirements for learning and knowledge about lbotal curriculum
informed each other]. However, some of students @dficulties while
deriving the equilibrium equation and could not makconnection between
them [knowledge about horizontal curriculum infodrteer knowledge about
students’ difficulties] (Simge, weekly post-inteewis about instructions,
reaction rate).

In the example above, Simge’s knowledge of learmed knowledge of
curriculum informed each other reciprocally.

The next two examples showed that in some teaclsiegments her
knowledge of learner informed her knowledge ofrimstional strategies whereas in
some teaching segments her knowledge of instruatistrategies informed her
knowledge of learner. The example below indicateat {Simge utilized a topic-
specific representation to overcome her studenistonception. In other words, her
knowledge of learner informed her knowledge of nimstional strategies. In the
weekly post-interview, Simge stated that

Simge: Catalysts allow a reaction to occur witheasonable rate at much

lower energy. Some of the students think that gstalso decrease heat of

reaction while others think that it increases hehtreaction. This is a

misconception. They could not understand it.

Researcher: How did you address their misconcepilen you realized it?

Simge: | tried to explain it by drawing graphs [$e@gure 4.8] and show that

heat of reaction does not change. The potentiatggnef reactants and

products does not change. The reaction occurs lawtlker activation energy

(Simge, weekly post-interview, reaction rate).
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Figure 4.8 Energy profiles for a catalyzed and uncatalyzedtren

The following example showed that her knowledgénsefructional strategies
informed her knowledge of learner. She showed aulsition for the equilibrium
reaction: NO4(g)<2NO,(g) during the instruction. In the weekly post-iview, |
asked her:

Researcher: Why did you prefer to use the simuiagibout the equilibrium

reaction of dinitrogen tetroxide (,)?

Teacher: | wanted to show that chemical reacti@amsreach equilibrium from

both sides. A system can reach equilibrium by agldgactant, product or

mixture of them. However, as you see, some of tindemits had difficulties in
understanding it [her knowledge of instructionatatdgies informed her
knowledge of learner] (Simge, weekly post-interviegaction rate).

On the other hand, in all teaching segments of IBétibserved one-way
interactions among all PCK components except theraction between knowledge

of learner and instructional strategies compong#s Figure 4.9).
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Figure 4.9 Map for directions of the interactions in Betiigsaching segments

In all teaching segments, Betil's knowledge of icutum always informed
learner, instructional strategies and assessmemipaoents. Her knowledge of
assessment always informed her knowledge of leameddition, her knowledge of
instructional strategies always informed her knalgke of assessment. For instance,
the following interview excerpt below provided esttte for that her knowledge of
assessment component (how to assess sub-companfent)ed her knowledge of
areas of students’ difficulties. She made a quizeaction rate topic. In the post-
interviews, Betll stated:

Quiz results [how to assess sub-component] showatlthe students had

difficulties in writing rate law for elementary gi® in a reaction mechanism.

When | gave them a reaction equation and rate ¢awhis reaction, they are

still confusing that why they are different fromciaother. In addition, while

determining the order of the reaction for a reagttrey are still confusing
whether they decide it based on reaction equatioone of the elementary
steps in a reaction mechanism [knowledge of aréasudents’ difficulties]

(Betul, weekly post-interview, reaction rate).

Another one-way interaction was observed betweetiilBeknowledge of
goals and objectives (sub-component of knowledgauaiculum) and how to assess
sub-component. In the post-interviews, | asked her:

Researcher: How did you assess your students’ staheling in chemical

equilibrium topic?
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Betil: Last week, we solved questions about reagjuotient (Q). Then, in
order to assess them [the students], | conducfempaquiz. Thus, | evaluated
their understanding on this topic.

Furthermore, in all teaching segments, Betul hadly ame interaction
between knowledge of instructional strategies ambwhedge of assessment
components in chemical equilibrium topic. Whiledieimg Le Chatelier’s principle,
she drew concentration vs. time and rate vs. timplg when reactants or products
are added, and volume is changed. For instancedmve concentration vs. time
graph for the equilibrium reaction »(¢)+3H;(g)<>2NHs(g) (see Figure 4.10), if NH
Is added as seen below:

Initial Final
equilibrium Change equilibrium

Concentration

-

lNnme

Figure 4.10Concentration vs. time graph drawn in the classroo

In the weekly post-interview, Betll stated that the final exam, | will ask
the students to draw concentration vs. reactiogness and rate vs. reaction progress
graphs when nitrogen is added, for the equilibrieaction, N(g)+3H.(g)«>2NHz(g).
We discussed these graphs in the classroom. Wesegllwhether they can draw or
not”. In this example, it is seen that her knowlkedd topic-specific representations
informed what to assess sub-component.

On the other hand, two-way interaction was only eobsd between
knowledge of learner and instructional strategm®@onents. The observation of the

instruction and interview excerpt below reflectdte tinteraction in which her
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knowledge of instructional strategies informed k@owledge of learner. Specifically,
her knowledge of topic-specific representationsrimfed her knowledge of areas of
students’ difficulties sub-component. During thetraction, she asked:
Betul: What about the effect of temperature? Ifinerease the temperature,
what is the effect of it on particles?
Student: Their kinetic energy increases and thdijdeoeach other much
more.
Betil: Good. Their energy increases and the numbeollision increases. As
they move faster, the frequency of collisions alsoreases. When we
increase the temperature, we give energy to thecles; and this makes them
move faster. When the particles collide with eattteomuch more, reaction
goes faster. How do you interpret this graph? @egire 4.11). It is an
important graph. The graph shows the relationshgpyéen number of
particles and collision energy. (T2>T1).

Particle Energy and Temperature

Activation
energy

o — Number of particles —f

0 e Collision energy —ir

Figure 4.11Number of particles vs. collision energy

Student 1: ... [No answer]
Betil: What do you think about it?
Student 2: ... [No answer]
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Betll: This parts under the graph, gives me thebrrmof particles that exist
the activation energy. When you look at the tenipeea2 (), the reaction
which occurs at T2, you see the number of partislleish exist the activation
energy is higher than the reaction which occuf, at

Student 3: 1 do not understand it. ifdicates the highest point for the number

of particles, but you said that the number of phes that have activation

energy is much more ab.T

Student 4: Teacher, | do not understand it. Can sepeat it? (Betll,

observation of instructions, reaction rate)

In the weekly post-interview, we talked about thistruction. Bettl stated that

| showed them a graph that was related to the nuwibearticles vs. kinetic

energy [knowledge of topic-specific representatjoiifie graph shows that

when temperature increases, the number of partalsenergy equal to or
greater than the activation energy increases. 8tsdead difficulties in
interpreting the graph. The area under the curvesgihe number of particles;
however, this explanation did not make sense femthThey said that the
curve under the ;I[shows the highest point for the number of paricénd so
how the number of particles that have activatioargy is much more at,T

[knowledge of areas of students’ difficulties]. rletd to explain it (Betl,

weekly post-interview, reaction rate).

The observation of the instruction and interviewcexpt above reflected the
interaction in which her knowledge of topic-specifepresentations informed her
knowledge of areas of students’ difficulties.

Another example reflected the interaction in whiatowledge of learner
informed her knowledge of instructional strategiBetll used an analogy during
teaching reaction rate. That was:

Assume that, you are driving by a car along 240 krakes 2 hours. What is

your average velocity? [Students answered] The angwv120 km/h. Then,

do you drive with the same velocity (120 km/h) ga240 km? [Students
answered] No, it changes. | sometimes drive famtdrsometimes slower. So,
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are the average and instantaneous velocity samet®@r[Students answered]
No. (Betdl, observation of instruction, reactiote)ja
In the weekly post-interview, | asked why she u#gd analogy in her instruction.
She stated that “| realized some of the studermsgiht that reactions occur with an
instantaneous rate. However, the rate of reacti@nges in time. In order to help
them, | used this analogy” (Betll, weekly postimiew). This example indicated
that her knowledge of areas of students’ diffi@dtinformed her knowledge of

topic-specific representations sub-component.

4.7. The experienced teachers were more successful thdre novice teacher in
translating their knowledge into practice in termsof the integration among

PCK components

Results of the analyses of pre- and post-intervisiasved that some of the
interplays were only observed at knowledge levdiilevothers were translated into
practice. For instance, during card-sorting tasfordeethe instructions, Simge and
Betil stated that some of their instructions wobkl based on guided inquiry;
however, | did not observe any lesson based onegduitquiry. It can be also
stressed that | did not observe any subject-spedaistructional strategies (e.g.,
inquiry, learning cycle) in all teachers’ instruis. Instead, their instructions were
mainly based on teacher-centered. Therefore, itbeaconcluded that they were not
able to translate their knowledge about subjectifipanstructional strategies from
knowledge into practice. On the other hand, theypéd to use many topic-specific
instructional strategies (e.g., experiments, ariong), and then they used them
during their instructions. Accordingly, they couidhnslate their knowledge about
topic-specific instructional strategies into preeti

When we compared the teachers, the experiencethesaavere more
successful than the novice teacher in translatiegr tknowledge into practice in
terms of the integration among PCK components. iBpaity, Burak could mostly
translate the connections among PCK components Krmwledge into practice. For

example, he emphasized that the students’ diffeuland misconceptions would
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influence her instructions and lesson plan. Accealyi, in most of his teaching
segments, he used a rich repertoire of topic-sipeaitructional strategies in order
to overcome his students’ misunderstandings andiculiies. He made the
connection between knowledge of learner and instmal strategies and easily
translated his knowledge into practice. To illusgran the pre-interview in the form
of CoRe, Burak stated that

Students usually have difficulties in understandidtymamic equilibrium. In

order to help them, | usually prefer to teach thancept by drawing

concentration vs. time and reaction rate vs. timaplgs when we add
reactants or products, and change volume or teryperd believe that they
will learn better when they understand these grgphsak, pre-interview in
the form of CoRe, chemical equilibrium)
During the instruction, | observed that he drewasration vs. time and reaction
rate vs. time graphs for different reactions agrtemtioned in the pre-interview in
order to increase his students’ understandingiristance, he wanted his students to
draw concentration vs. time and rate vs. time gsdjoi the equilibrium reaction,
H2(9)+l2(g)—~2HI(Q), if a) His added, and b) volume is decreased to half dhién,
he gave time to all students for drawing these ligaple checked their drawings by
rounding in the class. When the students had diffess in drawing the graphs, he
gave the necessary supports. Then, he drew théhgrap the blackboard and
explained them in detail (Burak, observation otrmstions, chemical equilibrium).
It can be inferred that the interplay of knowledgk learner and instructional
strategies were translated from knowledge intcte.

The next example also showed that the interactietavden knowledge of
learner and instructional strategies were trandldtem knowledge into practice.
Before teaching rate of reaction, in the pre-in@win the form of CoRe, Burak
stated that

Students think that catalysts always increase imgacate. But, they do not

take inhibitors into consideration. Since | knowitimisunderstanding, | plan

an experiment in which they use an inhibitor. | krthey will be confused.
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Then, | observed that he made an instruction irclwvstudents made an experiment
to observe the effect of inhibitor on reaction rafe provided laboratory procedure
step-by-step that the students had to follow:
Take two test tubes and place 5 mL of 1M HNi®each. Label them | and II.
Add a spoonful of CdS£Xo the test tube Il. Obtain two pieces of Mg ribbo
in equal lengths, about 1 cm long. Place the risbonthe test tubes at the
same moment and measure the time. Observe the ehamgest tubes and
record the time when Mg ribbons have reacted corelgle
During the implementation of this experiment, | @h®d that most of the students
were confused. The students were talking each atbeut why the rate of reaction
did not increase. They said that Cd3fad to be the catalyst but it decreased the rate
of reaction. What could be the reason for it? Aftery collected the data, they had to
answer the following questions: Which substanagsed as a catalyst? How did the
catalyst affect the rate of reaction? Explain wiyZaddition, they had to write a
conclusion for this experiment. The teacher gameetio the students in order to
answer these questions. Some of the students desttiseir findings and the reasons
for it in groups, while others read the relatedt fil@@m the book. Then, the teachers
collected the answer sheets in order to evaluat® tin the weekly post-interview, |
asked:
Researcher: How was the experiment? Were your stsid®nfused as you
expected?
Burak: The students came into conflict with theindings during the
experiment. Then, they tried to find the reasothed finding. Some of them
remembered inhibitors from the instruction. Someh&im wrote the answer
correctly and stated that CdS an inhibitor. Therefore, it decreases the rate
of reaction. Some of them could not explain it eotty. They lost some
points. While giving feedback to them, | re-exp&nit again and drew their
attention to inhibitors. (Burak, weekly post-intiew, reaction rate)
In the example above, it can be concluded thaintieeaction between knowledge of

learner and instructional strategies were trandlfxten knowledge into practice.
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Similarly, Simge usually were able to translate ihrrelatedness among
PCK components from knowledge into practice. Fatance, in the pre-interview
conducted before reaction rate, she stated that
We need to increase the rate of some reactionsriemvironment while we
decrease the rate of some others. In order to nia&kewe should know the
factors that affect reaction rate. | will give someamples from daily life. For
instance, the recommended duration is 6 monthsniorced meat’ in the
freezer while it is 8 months for ‘meat’. | will atkem what can be the reason
of this difference. In addition, | asked them whg pwut our foods in the
freezer. (Simge, pre-interview in the form of CoRegction rate)
Then, during the instruction, | observed that stowipled daily life examples to teach
factors effecting reaction rate. She initiated scdssion to elicit the students’ ideas
by using these examples from daily-life as she nqan(observation of instructions).
During the instruction, Simge asked:
Simge: Do the meat go off much faster in the freexe®utside?
Student 1: The foods go off much faster outside tha freezer.
Simge: Why?
Student 2: Because, temperature increases ragaction.
Simge: Good.
Simge: In the operating manual of the freezer, sitwritten that the
recommended duration is 6 months for ‘minced mieate freezer while it is
8 months for ‘meat’. Have you ever seen this infation?
Student 3: Yes.
Simge: What can be the reason?
Student 3: Surface area.
Simge: When we increase the surface area, it inesegeaction rate. (Simge,
observation of the instructions, reaction rate)
This example showed that in light of her everydagpieg science teaching

orientation, her knowledge of curriculum informeer lkknowledge of topic-specific
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representations. Therefore, it can be concludeddShmage was able to translate this
interaction from knowledge into practice.

On the other hand, Betlul stated that the studedifficulties and
misconceptions would influence her instructions ésbkon plans. She also added
that when she realized a misconception, she waultbtfind different examples to
solve their misconception. This view is reflectedhe interview excerpt below:

Researcher: How will your students’ difficultiesdamisconceptions affect

your instruction and your lesson plans?

Betil: Actually, while making lesson plan, theiffdiulties affect my plan.

While making lesson plan, | investigate their pblesidifficulties and

misconception and take them into consideration. WWHe realize a

misconception, | try to find different examplesatdress their misconception

(Betul, pre-interview in the form of CoRe, reactiate).

However, in most of her teaching segments, wherstheéents failed to understand
the initial explanations, she usually repeated dxgrlanations didactically without
using an additional instructional strategy such asalogy, illustrations,
demonstrations, etc. (observations of instruction).

Moreover, in the pre-interview in the form of CoRshe stated that she
wanted to relate chemistry to daily-life. In ligbt her everyday coping science
teaching orientation, while teaching reaction tafgc, she stated that she planned to
give daily life examples. In the pre-interview hretform of CoRe, she stated that

For instance, in the industrial area, how muchréaetions occur slow or fast

is very important. In addition, | can also give exades from our body. | can

give examples such as: In which conditions do #aetions in our body occur
or not? Do these reactions need catalyst or not¢®u(Bpre-interview in the
form of CoRe, reaction rate)
However, she did not provide any daily-life exanspia this topic during her
instruction as | observed. She did not reflect degisions on her teaching sessions.
Therefore, for these examples, it can be inferhad $he could not translate her PCK

from knowledge into practice.
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On the other hand, for some teaching segments,cebkl translate her
knowledge into practice in terms of interaction agdhe components. For example,
in the pre-interview in the form of CoRe, she sldteat

Betil: I will use graphs while teaching reactiotera

Researcher: Which graphs?

Betll: Number of molecules vs. time graph. We alattulate average and

instantaneous rate from a graph. First, we drawaplgand then calculate

them. In addition, we draw number of particlesodlision energy graph.

Researcher: Why do you prefer to use the graphkewdaching reaction rate?

Betll: Drawing graphs help students’ understandinDsawing graphs,

making interpretations from a graph, and usingda& from the graph are

important for them (Betll, in the pre-interviewtime form of CoRe, reaction
rate).
In light of her process science teaching orientatio order to teach the concepts in
reaction rate [knowledge of curriculum], she dreapis (e.g., number of molecules
vs. time graph) and sometimes she wanted her studerdraw graphs and make
interpretations [knowledge of instructional stragésj (observations of instruction).
In this example, it is shown that the integratidiretween these components were

translated from knowledge into practice.

4.8. Teacher self-efficacy appeared to play a role inheir use of PCK

components and constructing interactions among them

During in-depth analysis of teaching segments, rtile of teachers’ self-
efficacy in the teachers’ use of PCK componentsvall as their construction of
interplays among the components was observed. EdlgecBetil’'s teaching
segments and the interviews provided representaxeemples of how teacher
efficacy plays a role in the enactment of PCK. Fstance, in the pre-interview, |
asked her

Researcher. How well can you elicit your studentsfficulties and

misconceptions?
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Betll: | feel deficient myself about that point. rFexample, | have been
teaching for different classes, and in these ctasi#gerent things come to
students’ mind that | did not consider before. hid can be confused.
Therefore, | feel inadequate myself about that tpduifficulties and
misconceptions]. | always attribute it to teach@gperience. However, it will
be better in time.

Researcher: Which misconceptions may students tedated to reaction rate?
Betil: [She thought about the question for a whilefoes not come to my
mind.

Researcher: How well can you provide alternativstructional strategies
when your students have difficulties or misconcapiduring teaching?
Betil: | cannot say that | feel sufficient myséTherefore, | am studying the
topic from different sources to find different exales for supporting students
with alternative examples (Betul, pre-interviewtl@ form of CoRe, reaction

rate).

The interview excerpt above indicated that sheigdbrtbelieved her capability to

identify students’ difficulties and misconceptioasid to use alternative strategies or

explanations to deal with them. Moreover, for knesige of instructional strategies,

she answered the question:

Researcher: How well can you use instructionatesgias?

Betil: | do not feel completely sufficient in usirdjfferent instructional
strategies, because | did not apply the strategieh as experiments in this
topic before. | do not have any idea about the iptesssproblems and
difficulties while conducting them [experiments]€i8l, pre-interview in the

form of CoRe, reaction rate).

Moreover, she added that use of analogies and lifailgxamples were easy but she

was not comfortable with using them in class, bseawshe might cause

misconceptions in students’ mind (Betdl, pre-intew in the form of CoRe,

chemical equilibrium). Along this line, she couldtrenact her PCK effectively in

actual classroom. During the teaching of reactiate rand chemical equilibrium,
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when her students had a difficulty in understandirgconcepts, she mostly warned
them and re-explained those concepts again (olsmrvaf the instruction). For
example, during the instruction, she stated that“gre still confusing the effect of
catalyst on chemical equilibrium. Catalyst accdlegaeaction rate; however, it does
not have an influence on equilibrium position.” §ebvation of the instruction). After
the instruction, she stated that “I realized thre $tudents did not understand the
effect of catalyst on chemical equilibrium. Therefo warned them and explained it
again.” (Betil, weekly post-interview, chemical déduium) Actually, she could
have asked the students why they thought like 8ta. also could have explained the
reason of this situation in detail with an addibnnstructional strategy (e.qg.,
animation, simulation, and graph). However, she ida® using alternative
instructional strategies to overcome her studemsficulties since she felt
uncomfortable with using them. Therefore, limitateraction between knowledge of
learner and instructional strategies was obsemdgktil’'s teaching the topics when
compared with that of the experienced teachers.rnbvece teacher, Betil attributed
her low self-efficacy regarding knowledge of leara@d instructional strategies to
her lack of teaching experience, because she tawggtution rate and chemical
equilibrium topics for the first time in a classmoenvironment. During pre-
interview, she stated:
| do not have enough teaching experience; thereforaeay be difficult for
me to identify students’ difficulties and miscontieps about the concepts in
reaction rate and equilibrium topics. In additionhen students have
difficulties and misconceptions during teachinggdd not consider myself
fully capable to provide alternative instructiosalategies to overcome their
difficulties. However, | believe that after a fewears, when | gain enough
experience, it will be better. After gaining exgerce about learners and their
difficulties, next year it will be better for me €Bil, pre-interview in the form
of CoRe, reaction rate).
On the other hand, Betul believed her knowledgeusficulum. The interview data

in combination with classroom observations showeat she frequently integrated
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her knowledge about goals and objectives whereasahld less frequently integrate
horizontal and vertical curriculum knowledge interiPCK when needed. During
pre- interview, she stated:

Researcher. How well could you connect reactiore rand chemical

equilibrium topics to the other topics withinigrade and across grades?

Betil: | do not have an experience about teachiege topics. | sometimes

felt insufficient myself to connect the topics teetothers. | think that | cannot

meet the students’ needs completely. (Betll, prenimrew in the form of

CoRe)

On the other hand, the experienced teachers bdligwveir capability to
perform their PCK effectively; therefore, they addtequently integrate and enact
the components of PCK into their actual classrodamecially, Burak believed his
capability to use different instructional strategi@ order to overcome students’
difficulties and misconceptions. When | asked him

Researcher: How well can you provide alternativstructional strategies

when your students have difficulties or misconaami?

Burak: If I know the students one to one, it is eefficient, because | can

provide different examples [instructional stratefjieelated to students’ own

experiences. There is no limit for me in provididifferent examples. This
happens in time with getting experience and readihgf. If you read much
more, you can provide much more different exampBsgak, pre-interview
in the form of CoRe, reaction rate).
The interview excerpt above provided evidence liat he believed his capability to
provide different instructional strategies wherisineeded. Moreover, he attributed
his high self-efficacy in the enactment of PCK cam@nts to his teaching
experience and reading a lot. | also observed wWan he identified students’
difficulties, he could provide additional instrumtial strategies to overcome their
difficulties (e.g., daily life examples, analogiestc.). For example, before the
instruction, Burak was aware of the students’ gmedilifficulties and described how

he would help them overcome their difficulties. $tad:
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Some of the students have difficulties in undeditag reaction rate at sub-
microscopic level, and why the rate of reactiofas at the beginning of the
reaction. Therefore, | prepared an illustratiostow the reaction in which A
is converted to B (A>B) at sub-microscopic level. They can see the chsng
in the number of particles in terms of A and B acle time interval. In this
topic, they will also learn activation energy anallisions of molecules.
When they understand what happens at sub-micraséegl now, this will
help them comprehend activation energy and cofisiof molecules (Burak,
pre-interview in the form of CoRe, reaction rate).

During the instruction, he initated a discussioawglihe changes in the concentration

of A and B molecules in time at sub-microscopicelexand wanted them to explain

the illustration below (see Figure 4.12).
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Figure 4.12The reaction in which A is converted to B{MB) at sub-microscopic

level

He sensed that some students had difficulties dergtanding concentration
change in each time interval and why the rate attren is fast at the beginning of
the reaction. He tried to elicit all students’ idesnd their reasoning. This discussion
led the students to comprehend that changes ofcdneentration of A and B
molecules in each time interval and why the rateeafttion is fast at the beginning
of the reaction. In the weekly post-interview, Bursaid that “The explaining
concepts at sub-microscopic level is always aadliffy for them. | am aware of it.
With that illustration, we discussed it. | was atiehelp them comprehend it.” This
example showed that Burak’'s beliefs about his cdéipabto make students

comprehend explanations at sub-microscopic levpkaged to play a role in their
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use of knowledge of learner and instructional eggs and the constructing the
interaction between them.

Similarly, Simge’s teaching segments and intevgielata indicated the role
of teacher self-efficacy in her use of PCK compdses well as the construction of
interplays between the components. Simge’'s teachsagments provided
representative examples of how teacher efficacyspka role in the enactment of
PCK. For instance, she believed her knowledge ofidum. She also could
translate her curriculum knowledge into her teagbiwhen needed (obsevation of
instruction). She also stated that “At the begignoi my teaching profession, | did
not have enough knowledge about chemistry curmulMow, | have knowledge
about objectives, what we have to teach and whatlaveot have to teach” (Simge,
pre-interview in the form of CoRe, reaction rat&he attributed her high self-
efficacy regarding knowledge of curriculum to headhing experience. Moreover,
Simge believed her capability to use different nmstional strategies in order to
address the students’ difficulties and misconcegtidVhen | asked her

Researcher. How well can you elicit your studentsfficulties and

misconceptions?

Simge: Actually, I can predict in which points tsteidents have problems. As

time passes, | have learnt the things that theestsdcan learn easily or have

difficulties. For instance, now | am teaching thdifferent classes, and the
students in these classes usually ask the saméiansesThey usually have
difficulties at the similar points or ask the siamilquestions. Consequently,
over the years | have learnt in which points thelents have problems. If the
students do not ask any question related to thesesp | usually draw their

attention to these points and ask questions tat ¢hieir ideas. Therefore,

teaching experience is very important.

Researcher: Which misconceptions may students tedated to reaction rate

topic? Simge: The students do not comprehend tifferelice between

average and instantaneous reaction rate. They hdw¥kculty in
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understanding activation energy. They do not thirdt activation energy is a
requirement for all reactions. This is a misconiept
Researcher: How well can you provide alternativstructional strategies
when your students have difficulties or misconcapiduring teaching?
Simge: | can provide many different examples [ustional strategies] and
solve different questions when | realized theifidifities. | point out them to
the point that they have difficulties and warn th€Bimge, pre-interview in
the form of CoRe, reaction rate)
The interview excerpt above provided evidenceliat she believed her capability to
provide different instructional strategies in order overcome her students’
difficulties. Moreover, she attributed her highfsaficacy in the enactment of PCK
components to her teaching experience. During ésrhings, | observed that when
she realized the students’ difficulties, she copldvide additional instructional
strategies to overcome their difficulties (e.gilydéfe examples, analogies, etc.). For
example, as she predicted, some students thougjhtih activation energy is a not a
requirement for exotermic reaction. During theriastion, one of the student said
Student: Exotermic reactions give energy. Why deytmeed activation
energy?
Teacher: Please, think about burning a piece o&mpap burning of natural
gas. Both of them are exotermic reaction. What dage to burn it?
Student: A match or spark.
Teacher: Yes. Beucase we need energy to initia&aetion. The activation
energy is the minumum amount of energy requiredniitate a chemical
reaction. If the reactant molecules do not haveumumn activation energy,
they do not produce the products.
She sensed that some students had a misundergtdhairwas activation energy is a
not a requirement for exotermic reaction. In oreaddess their misconception, she
asked questions related to daily life. This dismurs$ed the students to comprehend
that the activation energy is necessary for alttiteas to produce reactants. In the
weekly post-interview, Simge said that “They hageally this misonception. They
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do not think that exotermic reactions needs adtwaenergy in order to initiate a
reaction. Therefore, |1 gave daily life exampleghink they undersood it.” This
example showed that Simge’s teacher efficacy appeiar play a role in her use of
knowledge of learner and instructional strategres e constructing the interaction

between them.

4.9. All teachers taught the same topics with similardsson plans and same
instructional materials; however, they differed interms of how effectively

they connect the PCK components.

All teachers taught the reaction rate and chengqallibrium topics with the
same instructional materials and similar lessomglddowever, they differed in
terms of how effectively they interact the PCK caments in their teaching
segments even if they used the same instructioatdnmals. For instance, all teachers
planned to use the same demonstration to showffinet ef surface area on reaction
rate; however, the effectively use of this topiedfic activity showed differences
among teachers. During the instruction, Betll fegplained the effect of surface
area on reaction rate. She stated that “If we ntla&epieces of the reactants smaller,
we increase the number of particles on the sur@deh can react. This makes the
reaction faster. As we increase the surface aneargaction rate increases.” (Betll,
observation of the instruction, reaction rate) Aftlkeis explanation, she started to
make the demonstration. She put some flour onta jplad tried to burn it. Only the
surface of the flour burned. After a few secondsyént out. She stated that the
contact surface area is small. Then, she statedettmincrease surface area. In order
to increase the surface area, she used a stravblamdthe flour to the flame of
Bunsen burner with the straw. They observed a begyflame. She stated that she
increased the surface area and it burned. Thenespkined the reason of the
observation without taking students’ ideas. Sheedtthat as we increase the number
of particles on the surface which can react, reaatate increases (Betul, observation
of the instruction, reaction rate). However, shelldohave asked what students

expect and take their reasons. After the obsemvatidhe demonstration, she could
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have made a whole class discussion. As a resuanitbe inferred that her didactic
science teaching orientation prevented her fronmgushis topic-specific activity
effectively. This topic-specific activity [knowledgof instructional strategy] was
used only for verification to show the relationsbgtween reaction rate and surface
area [knowledge of curriculum]. In the post intemwi about the instructions, she
provided evidence for this interaction. | asked:
Researcher: Why did you prefer to use the burnfripor demonstration?
Betil: It is funny. This demonstration will remaim the students’ mind and
also attracts their attention. It was importantt tthee students observed the
effect of surface area on reaction rate (Betul klyepost-interview, reaction
rate).
Similarly, Simge first explained the effect of sagé area on reaction rate.
During the instruction, she stated:
When we decrease particles size, we increase tfaceilarea. As we increase
the surface area, we increase the number of pgtishich collides each
other at the same time. Thus, we increase theioeaete. When we decrease
particles size, we increase the surface area ofubstances. By the way, we
increase the rate of reaction. You are always nfuthe meaning of
decreasing the particle size and increasing thiacirarea. Actually, they
have the same meaning. In the exams, you are weitiong them. Please, be
careful (Simge, observation of instruction, reattiate).
Based on her previous teaching experience, sheeddhe students about the same
meaning of decreasing the particle size and inorgabe surface area. However,
before warning them, she did not take her studedéss. She preferred to directly
warn them without checking whether they had a ndsustanding or not. Actually,
she could have taken the students’ ideas. It camfieered that similar to Betdl,
Simge’s didactic science teaching orientation inbtbthe use of her knowledge of
learner effectively. Then, she asked the studeniéchwone dissolves faster,
granulated sugar or lump of sugar. Students answhaseyranulated sugar and could
explain the reason why granulated sugar dissob&sf. In this point, she effectively
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used her knowledge about students’ pre-requisitavi@dge. Then, she started to
prepare the same demonstration as Betil made. »§it@ireed what she would do

and what they would observe at the each stepseofiéimonstration. She put some
flour on a plate and tried to burn it. She said

You are sensing a soft smell and only the particleshe surface of the flour

burned, because the surface area is small. Onlyateles on the surface of

the flour gave a reaction. When we use a strawldad the flour to the
flame of Bunsen burner with the straw, you will eb&e a big difference

(Simge, observation of instruction, reaction rate).

Then, she blew the flour to the flame of Bunsembuwith the straw. The students
observed the same things that their teacher t@dthefore. However, she could
have asked what students expect and take theoneaSimilar to Betlil, her didactic
orientation prevented the use of a topic-specititvay effectively. She did not let

her students make a bridge between the surfaceaakaeaction rate. This topic-
specific activity [knowledge of instructional stegly] was only used for verification
to show the relationship between reaction rate simdace area [knowledge of
curriculum]. In the weekly post-interview, | asked:

Researcher: Why did you prefer to use the burnfrfpor demonstration?

Simge: It is a funny demonstration. | wanted tovglehat happens when we

increase surface area. This demonstration proviges to observe the things

[the effect of surface on rate of reaction] thaéxplained them verbally

(Simge, weekly-post interview, reaction rate).

Finally, Burak implemented the same demonstratisimgia more student-
centered approach. Before explaining the relatietwben surface area and rate of
reaction, first he asked his students that:

Burak: We mentioned about dissolving sugar "Atgéade level. Which one

dissolves faster, granulated sugar or lump of sugar

Student: Granulated sugar

Burak: Why?

Student: Because of the increase in the surfaee are
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Burak: Contact surface area of the particles irsggalet’s try to burn flour
with different ways. Observe it. [He put some flaur a plate and tried to
burn it. Then, he blew the flour to the flame ofrBan burner.]What is the
difference between these two states?

Student: We increase the surface area when you thlewlour. [Then, he

initiated a whole class discussion].

Burak: The difference is that we increase the serfrea of flour that contact

with flame. (Burak, observation of the instructipreaction rate)

In light of his academic-rigor science teachingentation, he provided a class
environment in which students were challenged tkama relationship between
surface area and reaction rate by using the demadiost. He effectively integrated
his knowledge of learner, curriculum and topic-speactivities. In the weekly post-
interview, | asked:

Researcher: Why did you prefer to use the burnfrfpor demonstration?

Simge: That demonstration draws their attentioraddition, | expected them

to comprehend that concept [effect of surface aeareaction rate]. |

expected them to make a relationship between thecem and their
observations. With this demonstration, | expecteeirt to make inference
based on their observations (Burak, weekly-postruntw, reaction rate).

In another example, | observed that Betll and Buditikred in terms of how
effectively interplay knowledge of learner and rastional strategies. | observed that
in Betdl's and Burak’s teaching of chemical equiliin, the students had difficulties
in understanding the difference between equilibrioomstant (Kc) and reaction
quotient (Qc). Betll and Burak tried to remedy tthi§iculty with different ways. In
Betll's class, some of the students did not congmwédhthe difference between
equilibrium constant (Kc) and reaction quotient YQ@hen she realized their
difficulty, she explained that part again in a tearecentered approach and warned
them not to forget the difference between them.nTlshe wrote a question on the
blackboard related to the calculation of reactiantegent (Qc), and prediction of the
direction of the reaction to reach equilibrium. mhehe solved the question herself
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without giving time to students for thinking aboamd solving the question. She
explained how she solved the question and predib&direction of the reaction in a
teacher-centered approach. In the post-intervieauialthe instruction, we talked
about that instruction and Betil stated that

Some of the students had difficulties in understagdeaction quotient (Qc).

| think that it has not resolved yet. They thinKyothe time that the system

reach equilibrium and make calculations for theildgium. However, they
could not interpret the given data before the systeach equilibrium at any
time. They did not understand how they used readigtient (Qc). | think it
takes some time. We should perform extra exerqgiBesul, weekly post-
interview, reaction rate).
Although Betll realized the students’ difficultyhes did not effectively use her
instructional strategy [solving the question] toemome their difficulty. It can be
inferred that she did not interact knowledge ofriea and instructional strategy
effectively.

Similarly, while Burak was teaching reaction quoti€Qc), his students also
had difficulties in understanding the differencaween equilibrium constant (Kc)
and reaction quotient (Qc). However, different tiBattl, he used an analogy to help
them. During the instruction, Burak explained reacguotient as

Burak: Reaction quotient is a value that is usedi¢ntify the given reaction

at equilibrium or not. Also, it is used to find théection of the reaction to

reach equilibrium. If reaction quotient (Qc) equadsequilibrium constant

(Kc), this means that reaction is at equilibriufnrdaction quotient (Qc) is

smaller than equilibrium constant (Kc), in whichredition does reaction

guotient shift to reach equilibrium?

If Qc=Kc, reaction is at equilibrium,

If Qc<K, in which direction does reaction shiftreach equilibrium?
Student 1: Right to left.
Teacher: Why right to left?

Student 1: | think both two ways is possible beeats reversible.
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Teacher: In this situation (Qc<Kc), does the rearcts at equilibrium?

Student 2: No, it does not.

Student 1: | did not understand it.

Burak: Please, listen. | have some rice and | woitde 1 kg or not. | use a

balance scale to weigh the rice. | put 1 kg madsfteside of the scale, and

the rice to right side [He also drew the scaletentioard]. If both sides are at
equilibrium, what can | say?

Student 1: The rice is 1 kg.

Teacher: Yes. If left side of the scale is up, wtsat | say?

Student 2: If left side of the scale is up, therig little. We should increase

the rice.

Teacher: In order to make it 1 kg, | have to ade.rNow, assume that the

equilibrium constant is 2 for a chemical reactiéh.any time, | wonder that

the reaction is at equilibrium or not. To decidésth calculate reaction
guotient (Qc) and decide it is equal to 2 or nat predict to the direction of
the reaction to reach equilibrium. Assume that tieacquotient (Qc) equals
to 1.5. In which direction does the reaction simforder to reach equilibrium?

Student 3: Reaction shifts to the right.

Teacher: When we calculate the reaction quotiem),(@e can decide the

reaction is at equilibrium or not. Could | explaip

Students: Yes.

Teacher: Let's solve several questions. (Burak,nob& equilibrium,

observation of instructions)

It should be noted that at the beginning of cheh&qailibrium topic, he used
the scale example, but he emphasized the differbet@een static and dynamic
equilibrium in order not to cause a misconceptlda.stated that

Teacher: Why do we use scale?

Student: It is used for measuring mass.

Teacher: You put something on one of side of tladesdf both sides have the

same masses, you say that they are at equilibkinat does the meaning of
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“they are at equilibrium™? Both sides of the scd&lave equal masses.

However, do not forget that the equilibrium that arn in this chapter and

the equilibrium of the scale are different from leaither. One of them is

static equilibrium and the other one that we lgarthis chapter is dynamic

equilibrium. The process in dynamic equilibrium ttones in both directions

on the contrary to static equilibrium.
After giving the analogy, he wrote a question om bloard and gave time to students
for solving the question. After a while, he wantate of the students who did not
understand the concept to solve the question.dmakekly post-interview, he stated
that “I used that analogy for the first time. Thadents did not understand reaction
quotient (Qc). That analogy came to my mind at thaiment. | think they
comprehended it [reaction quotient]” (Burak, weekbppst-interview, chemical
equilibrium).

As a conclusion, in both of Betll's and Burak’'sssles, the students had
difficulties in understanding the difference betweaeaction quotient and chemical
equilibrium, and the teachers chose different wayselp them. It was obvious that
even though all the teachers taught the same tepitssimilar lesson plans and
same instructional materials, they differed in terof how effectively they connect

the PCK components.
4.10. Summary of the Results

In this study, the nature of the interactions amB@iK components of novice
and experienced chemistry teachers in the teacheagtion rate and chemical
equilibrium were examined. Moreover, what exteacteng experience is related to
the interactions among PCK components regardingetth®o topics were explored.
The main findings of this study are as below;

The novice teacher's orientations towards scierioe,contrast to the
experienced teachers, were much broad and nonfispesihich impeded the
connections among the components. There were mocé differences between the

novice teachers’ ideal and observed science tegcbmentations than that of
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experienced teachers. This ambiguity influenced rtbeice teacher’s interactions
between science teaching orientations and the &#& components. In her PCK
maps for both topics, science teaching orientatish not have any link with
knowledge of assessment and learner componentsrdif from the novice teacher,
the experienced teachers utilized their distincgegence teaching orientations and
the remaining PCK components intensively. Therefdleey had much more
connections and coherence among all componentrdiegs the topic, than that of
the novice teacher.

The integration of the PCK components was idiosgticrand topic specific.
The teachers’ PCK Maps differed from each othechBEaacher's PCK Map showed
variances for the two topics. All teachers had materplay in reaction rate topic
than chemical equilibrium topic in total. The expaced teachers demonstrated
more coherently structured PCK Maps for both topi@n the novice teacher. The
experienced teachers were able to utilize andereddit components whereas the
novice teacher did not make all connections amdd PBomponents. The most and
the least frequent interactions among PCK compaengmbwed differences between
the topics for the same teacher. There were afferelces in both number and kinds
of interactions among sub-components of PCK fohdaacher in different topics.
Burak could make much more different types of imtépns among sub-components
of PCK than the other teachers. All these findimyght be resulted from the
idiosyncratic nature and topic-specificity of thateigrations among the PCK
components.

The novice teacher's PCK maps were fragmented wihiée experienced
teachers’ PCK maps were integrated. The novicehtzaarely integrated science
teaching orientations and knowledge of assessmémitheir PCK. In her teaching
reaction rate and chemical equilibrium, she coulst fink science teaching
orientations with knowledge of assessment and érain addition, in her teaching
reaction rate, she could not link knowledge of assent with instructional
strategies. Different from the novice teacher, éRperienced teachers could utilize
all PCK components and integrate them coherentlyPEK components informed
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each other many times in their teaching sessibimsyas not the case for the novice
teacher.

Knowledge of learner, knowledge of curriculum andokledge of
instructional strategies were central in the inegrp of all teacher maps. In other
words, all teachers frequently integrated knowleddelearner, curriculum and
instructional strategies into their PCK. The intdéiens among those three
components were the strongest among all interaxirothe PCK maps. Additionally,
the most experienced teacher, Burak connected ioeactite and chemical
equilibrium much more frequently both to the topiasght in previous years (e.g.,
gases, energy and bonding, etc.) and to topicshtaughin the same grade (e.g.,
enthalpy, endothermic reaction, etc.) while plagnand enacting their teachings
than the other teachers. On the other hand, nonéhefteachers bring their
knowledge of subject-specific strategies (e.grnie@ cycle, inquiry) into play while
teaching both topics. Their teaching was genetadised on lecturing; however, they
enriched their instruction with topic specific aties and representations.

The novice and experienced teachers displayedreiiffdevels of complexity
in their interactions among PCK components. Soméhefinteractions were very
simple that one PCK component connected the other while some others were
complicated including more than two different comeots of PCK. In general, the
interactions in Betll's teaching were so simpld three PCK component was related
to the other one. In general, Burak’s teaching ssgmin reaction rate and chemical
equilibrium topic had much more complicated intéats than the other two
teachers.

The experienced teachers had much more two-wayasitens among PCK
components than the novice teacher. In Burak’s@inthe’s teaching segments for
both topics, the interactions between instructiosélategies and assessment,
curriculum and assessment, and curriculum anduicisbnal strategies components
showed one-way direction. In Burak’'s and Simge'sckeng segments, the
interactions between learner and assessment, teamdecurriculum and learner and

instructional strategies showed two-way directionall teaching segments of Betdl,
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the interactions between instructional strategied assessment, curriculum and
assessment, and curriculum and instructional gfiege learner and assessment,
learner and curriculum showed one-way directionofway interaction was only
observed between knowledge of learner and instmalistrategies.

The experienced teachers were more successfultbi@ganovice teacher in
translating their knowledge into practice in terrof the integration among
knowledge components. Specifically, Burak could tiyosanslate the connections
among PCK components from knowledge into practice.

Teacher self-efficacy appeared to play a role @irthse of PCK components
and constructing interactions among them. In Bsti#aching segments, teacher
efficacy appeared to play a role in the enactmém@K. She partially believed her
capability to identify students’ difficulties andisnonceptions, and to use alternative
strategies or explanations to deal with them. Shedcnot enact them effectively in
actual classroom. Therefore, limited interactiommaen knowledge of learner and
instructional strategies was observed in Betll&héng the topics when compared
with that of the experienced teachers. The expee@nteachers believed their
capability to perform their PCK effectively; theoeé, they could frequently integrate
and enact the components of PCK into their actlzsscooms. They believed their
capability to use different instructional strategie order to overcome the students’
difficulties and misconceptions.

All teachers taught the same topics with similagster plans and same
instructional materials; however, they differed terms of how effectively they
connect the PCK components. All teachers differeteims of how effectively they
interact the PCK components in their teaching segseven if they used the same
instructional materials and similar lesson plarse ost experienced teacher, Burak,
connected PCK components much more effectively th@he other teachers.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this chapter, | will initially discuss the retslof the present study by
comparing and contrasting with the other studieP@K in the literature. Then, |
will present my conclusions based on the results/elé from the study. Finally, |
will present implications and suggestions for preise and in-service teacher

education and for science education research.

5.1. Discussion

This study aims to portray the interactions amor@KRcomponents that
shape the teaching of novice and experienced clkrgrteachers working at the same
high school. In the following parts, the results tbe study consisting of nine
assertions regarding the interaction among PCK oompts are discussed by

comparing and contrasting with the other studie®GK in the literature.

5.1.1. Discussion of the results regarding the assertiotnat the novice teacher’s
orientations towards science, in contrast to the g@erienced teachers, were
much broad and non-specific, which impeded the cormttions among the

components

The results of this study showed that there werehmmnore differences
between the novice teachers’ ideal and observeehtations than those of the
experienced teachers. The novice teacher emphasiaediscovery, guided-inquiry,
and everyday coping were among the central goals mbpresent her teaching
reaction rate and chemical equilibrium. Howeveg sbuld not reflect these goals on
her teaching sessions that | observed. These fisdserved as evidence for the fact
that the novice teacher’s orientations towardsnegewere vague, broad and non-
specific (Friedrichsen & Dana, 2003). The novicacteer mentioned about these
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discrepancies during the interview, and statedithptementing an instruction based
on discovery and inquiry required teaching expegerLack of teaching experience
might impede the novice teacher’s ideal orientatransfer into her teaching practice
and the interactions between orientations and atberponents. Teachers develop
their PCK in their actual classrooms, because wgrkvith learners enables them to
learn about student difficulties, misconceptiond @rerequisite knowledge about a
specific topic, and they also learn which instrocél strategies work well for
teaching specific topics (Grossman, 1990).

Moreover, Betul's PCK maps for both reaction ratd ahemical equilibrium
evidently revealed that she could construct thestled# links between science
teaching orientations and the other componentssklence teaching orientations did
not inform her learner and assessment knowledgmantbe inferred that her broad
and non-specific view of orientations may inhibiet interactions between
orientations and the other components. Severaliestualso provided consistent
findings about the fact that teachers’ sciencehiegcorientations might inhibit the
interactions among PCK components (Friedrichseal.e2009; Park & Chen, 2012;
Aydin & Boz, 2013; Aydin et al., 2015; Demirgén, 2016). In addition to the
ambiguity of the novice teacher’s orientations todgascience, Betul mostly had
didactic science teaching orientation which shaped instructional decisions and
implementation of them. Although she had periphayaals (e.g., process), her
central didactic orientation might have power tthluence her instructional decisions
by inhibiting the other orientations’ influence. rFmstance, she used laboratory
activities, but only for verification of the chenrg concepts. These findings are
compatible with the research stating that begint@aghers have simplistic views of
teaching and learning, and explain ideas througttutes and verification
laboratories (Friedrichsen et al., 2009). In additi the novice teacher was
knowledgeable about some of the difficulties of #tadents in reaction rate and
chemical equilibrium. However, in order to overcothese difficulties, she preferred
to warn them and re-explained the confusing p#rtsan be inferred that her strong
didactic orientation might filter her instructiondecisions and implementation of
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them as well as the interactions between scieraghiieg orientations with learner
and instructional strategies. These findings suptie view that teachers’ beliefs
serve as filters and determine how specific PCK mmments are used in teaching
practice (Magnusson et al.,, 1999; Abell, 2008; Broet al, 2013; Demirdien,
2016). Similarly, Park and Chen stated that a gtidactic orientation significantly
controlled knowledge of instructional strategiesd aconsequently isolated this
component which impeded it from connecting withestkomponents. The novice
teacher’s broad and traditional view of teachind Bearning might be resulted from
her background experiences as a K-12 student gnelsarvice teacher (Brown et al.,
2013). In addition, it seems that her 3-year oth&ag experience was not enough to
develop her science teaching orientations.

On the other hand, the experienced teachers usad distinctive science
teaching orientations and the remaining PCK comptsneoherently, in both topics.
Unlike the novice teacher, the results showed thate was a little difference
between the experienced teachers’ ideal and olieor@ntations. The only
difference between ideal and observed orientatmmBurak was discovery. The
differences between ideal and observed orientatafnSimge were discovery and
guided-inquiry. The experienced teachers providedemce about these conflicts
during the post-interviews, and underlined thathblataded curriculum and high
stakes testing were a significant barrier for thiemattain their goals. Apart from
these differences, their ideal orientations weras@tent with the observed ones.
Although the novice and experienced teachers hedldctc science teaching
orientations focusing on transmitting informatiom the learners, their ways of
teaching these topics showed differences, whiclsimilar to the findings of
Mohlouoa et al. (2013). The experienced teacheyse@ally Burak, enriched their
instructions with analogy, demonstrations, illustnas, etc. in most of the cases.
Moreover, the experienced teachers gained additgmels (e.g., everyday coping,
conceptual change etc.) throughout their teachiofepsion. They could reflect their
decisions on their teaching sessions that | obdeftvalike the novice teacher, both

experienced teachers could construct the relatipashetween science teaching
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orientations and the other components. These sepudtvided evidence for the fact
that the experienced teacher’s orientations towactence were much more distinct
than that of the novice teacher. Furthermore, tleience teaching orientations
influenced their teaching practice by shaping cuttim, assessment, learner and
instructional strategies knowledge in most of thees. These findings are consistent
with the literature (Magnusson et al., 1999; Brostral., 2013; Demirdgen, 2016)
which emphasized that teachers’ science teachimgtations had a pivotal role in
the growth of their PCK.

All these findings infer that teaching experiencaynmhave a role on the
teachers’ science teaching orientations. The measehing experience they gained,
the more distinctive orientations they had. Thigling is not compatible with the
view that prior teaching experience made littlefed#nce in science teaching
orientations between the inexperienced group aedgtioup with 2-year teaching
experience (Friedrichsen et al., 2009). This figdimas acceptable knowing that
teachers’ orientations are robust and resistarthémge (Friedrichsen et al., 2009;
Brown et al., 2013). However, it should be noteat improving a more sophisticated
science teaching orientation for teachers is aepresite to advancing other PCK
components (Brown et al., 2013).

5.1.2. Discussion of the results regarding the assertiothat the interplay of the

components was idiosyncratic and topic-specific

Analysis of PCK maps indicated that the interpldythee components was
idiosyncratic and topic-specific. While the idiogyatic nature and topic-specificity
of PCK have been empirically supported by many kchoGrossman, 1990; Van
Driel et al., 1998; Loughran, Mulhall, & Berry, 280 my results, however,
recommended that those features not only stem fildfarent PCK components
involved in a teaching fragment but also differeméractions of the components and
sub-components included in a teaching fragmenhaigh this corresponds with the
conclusions of previous research (Park & Chen, 2@42in & Boz, 2013), to the

best of my knowledge, the interplays among sub-aorapts of PCK have not yet
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been fully explored. The explicit analysis among-somponents is very important
in order to compare and contrast the teachersgiat®n of PCK components in
detail, as well as to capture and portray idiosgticmature of these integrations.

In this study, the findings indicated that idiossatic and topic-specific
nature of the interactions of PCK components wasenied since all participants’
PCK maps showed differences for the teachings @ction rate and chemical
equilibrium. In addition, each teachers PCK mapms fach topic displayed
differences. These findings confirm Park and Ch2®12) who suggest that the
topic-specificity can be link to not only which cponents compose a teacher's PCK
for a specific topic but also how and what degteesé components interplay with
each other. Moreover, the findings showed thatetkyigerienced teachers had much
more coherently structured PCK maps for both topiwn the novice teacher.
Different from the experienced teachers, the noveacher's PCK maps in both
topics had some missing parts (e.g., there wa®npection between orientation and
assessment). In addition, the frequency for eank hetween any two PCK
components was mostly different from each othee Uike of any PCK component
showed differences for each teacher as well aseémh topic. Furthermore, the
results revealed that the most and the least fréquseractions among the
components, and the number and kinds of interast@mong sub-components of
PCK showed differences for each teacher in diffetepics. The most experienced
teacher, Burak, possessed much more and diffeneds lof interactions among sub-
components of PCK than Betul and Simge. All thesdifigs might result from the
idiosyncratic nature and topic-specificity of thearactions among the components
(Park & Chen, 2012; Aydin & Boz, 2013). For all papants in this study, the
context, the topics, and the lesson plans were sts@e. Additionally, their
educational backgrounds were similar. Therefore,garticipants’ level of teaching
experience, an important source of PCK, might sheéqe idiosyncrasy of the
teachers’ PCK integration. In addition to teachiexperience, science teaching
orientations, personal characteristics and chaiatits of students might shape the
idiosyncrasy of teachers’ PCK (Park & Oliver, 20Pp8a
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Moreover, the findings showed that novice and erpeed teachers
integrated the components into their PCK much niomeaction rate than chemical
equilibrium. The novice teacher, Betil provideddevice that her students possessed
many difficulties in understanding terms and exptams in chemical equilibrium;
therefore, teaching this topic was challenginghfer. Simge, the experienced teacher,
also expressed that relating chemistry to daiby ilif chemical equilibrium topic was
more difficult for her than reaction rate. Thesedfngs are consistent with the view
that chemical equilibrium is one of the most complgpics in chemistry; therefore,
most teachers and students themselves struggle switie concepts of chemical
equilibrium (e.g., Van Driel et al., 1998; Tysomeagust & Bucat, 1999; Voska &
Heikkinen, 2000; Cakmakci, 2010). In addition, d@sntent is very abstract and it
requires a high degree of connections with othgictoin chemistry as well as
content and terminology of specific explanationgs@n, Treagust & Bucat, 1999). It
can be inferred that in order to learn chemicalildayium, learners need to have far
more prerequisite knowledge. In a similar veinclteas are required to have much
more knowledge about vertical (e.g., gases, boeits) and horizontal curriculum
(e.g., reaction rate, chemical reactions and enegy) to fulfill learners’ needs. As
a result, the nature of topic is an indicator onvhamd to what extent components
interact with each other, which is also supportedark and Chen (2012).

5.1.3. Discussion of the results regarding the assertiotnat the novice teacher’'s
PCK maps were fragmented while the experienced tehers’ PCK maps

were integrative

The findings indicated that the novice teacher'&K(Raps, in contrast to the
experienced teachers, were fragmented since there some missing interactions
among the components. In addition to the existasfceach PCK component, the
degree of the interactions and coherence amongaimponents showed the level of
a teacher's PCK (Park & Oliver, 2008a; Friedrichs¢ral., 2009). The appropriate
interplay among the components might be the mastairfactor for the teachers’

successful teaching (Fernandez-Balboa & Stiehl,519Brom this point of view,
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although the novice teacher had separate PCK coempgnshe could not utilize
them in harmony in her teaching reaction rate dragcal equilibrium. This finding
supported the view that the novice teachers haaitetd PCK level in spite of their
science backgrounds (Lee et al., 2007). Theretbeeinadequate level of the novice
teacher's PCK may cause fragmented integrationGX Pomponents. For instance,
Betil could not connect science teaching orientatiwith learner and assessment.
She showed little evidence of interactions of sogemeaching orientations with
curriculum and instructional strategies. Theseifigd can be anticipated because her
broad, non-specific and strong didactic sciencechieg orientations presented
barriers to forming connections among all PCK congrds. Moreover, the novice
teacher showed a limited repertoire of topic-spedinowledge about learners,
instructional strategies and assessment, whichrafsdted in fragmented PCK maps.
On the other hand, the experienced teachers’ PCEsmaere integrative,
because they could utilize all PCK components caftér. This result can be
anticipated because the experienced teachers’ kdg@lbases were more extensive
than those of the novice teacher. Therefore, theyldcuse and link all PCK
components to each other. Based on their teachipgriences, the experienced
teachers, in contrast to novice teacher, easigmgited to tailor their instructional
strategies to meet the students’ learning needseattion rate and chemical
equilibrium. These findings were similar with thiner studies (e.g., Clermont et al.,
1994) revealing that the experienced teachers reoved the students’ difficulties,
sources of these difficulties and knew the waysadfiressing them much more
frequently than did the novice teachers. Similaffyrjedrichsen et al. (2009)
compared preservice teachers with no teaching exymer and full time teachers with
2 years teaching experience. Their findings inédathat the teachers showed
evidence of interplay among some components, lapthservice teachers did not.
They supported that teaching experience promotedntierplay of the components.
This finding is also similar to the studies (Browshell and Friedrichsen, 2008;
Brown et al. 2013) advocating that as preserviaehers gain more teaching
experience, the interactions among PCK componeruslops. Teaching experience
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reinforces the growth, choice and utilization oflP({Gess-Newsome, 1999). On the
other hand, this finding is inconsistent with tlesearch stating that the experienced
teachers could not integrate some PCK componenile wdaching redox reactions
and electrochemical cells, which indicated thath&zg experience was not enough
to promote the integration of the components (Ay&liBoz, 2013). However, when
the topic- and person-specificity of PCK are taka&io account, this inconsistency

among the different research seems natural.

5.1.4.Discussion of the results regarding the assertiothat the knowledge of
learner, knowledge of curriculum and knowledge of nstructional

strategies were central in the interplays of all tacher maps

The findings pointed out that knowledge of learneurriculum and
instructional strategies played an influential rmleshaping the three teachers’ PCK
maps, because they frequently integrated them ih&r PCK. Regarding the
teaching of reaction rate and chemical equilibridhe most frequent interactions
were observed among these three components; thereh® interactions between
them were the strongest among all interactionsInsdmu (1986) conceptualized PCK
as knowledge of learner and instructional stragegikich were the key components
of PCK and most scholars have agreed with him athaheir descriptions of PCK
differ (Magnusson et al., 1999; Park & Oliver, 2@D8In this regard, the close
connection between knowledge of learner and instnal strategies can be
anticipated considering that teachers should kninests’ prerequisite knowledge
and difficulties in a specific topic in order to mapose instructional strategies
(Magnusson et al., 1999. Therefore, the presertysampirically supported that
knowledge of learner and instructional strategiesenthe key components of PCK,
and they were influential in shaping the teach®GK maps (Park & Chen, 2012;
Aydin & Boz, 2013). At this point, Park and Olivg2008a) provided a consistent
finding related to knowledge of learner. They asgkthat “...teachers’ capacity to

“read” students is essential to their PCK developimeecause students’ responses
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can influence teaching practices only when a taaishaware of their significance”
(italic is original, p.279).

Additionally, knowledge of curriculum was anotheoshfrequent component
in the present study. This finding is inconsistevith the research stating that
curriculum component is less frequently connectedther PCK components (Park
& Chen, 2012; Aydin & Boz, 2013). However, reseaat$o has provided evidence
that curriculum knowledge is probably the tool withe highest potential for
improving teacher knowledge (Arzi & White, 2007 xzAand White (2007) reported
that “the required school curriculum is the sing@st powerful factor affecting
teacher content knowledge, serving as both knoweeuiganizer and source” (p.230).
According to the analysis of interactions among-soimponents of curriculum
knowledge, all participants referred to curriculumostly to identify the goals and
objectives in order to cover the topics. Of theséhteachers, Burak showed greater
awareness than the other teachers in the sequénice ourriculum within a grade
and across grades while planning and enacting ¢ashings. He had a more
sophisticated understanding of curriculum than Bettid Simge. Similarly,
Friedrichsen et al. (2009) found that the teachexs a broader view of curriculum
knowledge than the preservice teachers. This evidifierence may stem from the
teachers’ different levels of teaching experienbecause teaching experience
reinforces the development and use of PCK as dmmed by Gess-Newsome
(1999). Moreover, Sickel (2012) concluded that b@ag experience helped the
teachers develop their knowledge of horizontaliculum.

On the other hand, none of the participants broupgbir knowledge of
subject-specific strategies (e.g., learning cyideuiry, etc.) into play while teaching
both topics. This implies that teaching experiealome did not make any difference
in implementing subject-specific strategies regagdieaching these two topics. This
finding aligns with the research reporting thathopteservice teachers and teachers
had limited knowledge of subject-specific instrootl strategies (Friedrichsen et al.,
2009), and that the experienced teachers did ndbrpe any subject-specific
instructional strategies during their instructigAgdin et al., 2014). Instead of using
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subject-specific instructional strategies, theyspreed the content didactically. This
could be linked to several factors. First, becafdbeir science teaching orientations
which directly shape their instructional decisiotiggy might prefer to use didactic
teaching (Magnusson et al., 1999; Friedrichsenl.e2809). Their strong didactic
science teaching orientation might filter the teash instructional decisions
(Friedrichsen et al., 2009), which resulted in lessm for the influence of other
orientations on their subject-specific instructibdacisions. It should be noted that
the central goals are very important and resistardthange (Haney & McArthur,
2002). Didactic science teaching orientation was ohthe central goals of all the
teachers. Second, teachers might have difficultidle implementing subject-
specific strategies (Settlage, 2000, Brown et2013). For example, Brown et al.
(2013) stated that during teacher preparation progprospective secondary science
teachers learned about, experienced, and desigBethsbructional sequences in
science methods courses; however, they did not 5E& in their internship
classrooms. They were unable to implement the BEtheir teaching. Third, the
choice of instructional strategies can also beuerited by national curriculum and
high stakes testing (Haney & McArthur, 2002). Dagritme interviews, the teachers
stated that the need to cover the entire chemestrigculum and high stakes testing
influenced their instructional decisions. In corsitun, all these factors appeared to

be obstacles to the implementation of the subjeetific instructional decisions.

5.1.5.Discussion of the results regarding the assertiothat the novice and
experienced teachers displayed different levels afomplexity in their
interactions among PCK components

The findings of this study revealed that the lesklcomplexity among the
components might differ. In other words, some @f ithiteractions were simple while
some of them were complex. This finding might refwam the nature of PCK which
is that the interplays among PCK components doawour as a linear process;
instead, multiple variations may appear concurye(fdernandez-Balboa & Stiehl,

1995). Of the three teachers, the most experietescher, Burak, had much more
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complex interactions than that of the other teaxhde integrated two or more PCK
components into his PCK in most of his teachingrsags.

Although research has revealed that PCK componmstetsct with each other
in a highly complex way (Magnusson et al., 1999kR&a Oliver, 2008a), very few
empirical studies have investigated the level aégmation complexity among the
components (Aydin & Boz, 2013). Aydin and Boz (2DpEXamined the complex
interactions among PCK components of experiencadhtrs and asserted that the
level of complexity of integration might vary. Déifent from the results of this study,
| examined the complexity of interactions amongRI@K components of novice and
experienced teachers. | concluded that the interectin the novice teacher’s
teaching were much simpler than that of the expegd teachers. The experienced
teachers’ instructions revealed much more compiéaractions consisting of more
than two components than the novice teacher’s. ddud be linked to their teaching
experience, since teaching experience promotedntlgration of the components
(Brown et al., 2008; Friedrichsen et al., 2009; vignoet al., 2013). Although this
study put an effort to understand the complex matir integration among PCK
components, still there is a need for researchhencomplex nature of interactions

among the components (Magnusson et al., 1999;&aiken, 2012).

5.1.6.Discussion of the results regarding the assertiothat the experienced
teachers had much more two-way interactions among @K components

than the novice teacher

The findings showed that directions of the intacacds among PCK
components were one way or two-way. Specificallythe experienced teachers’
(Burak and Simge) teaching segments for both topits interactions between
instructional strategies and assessment, curricidochassessment, and curriculum
and instructional strategies showed one-way dwasti However, the interactions
between learner and assessment, learner and dumnicuand learner and
instructional strategies showed two-way directidds.the other hand, in the novice

teacher’'s teaching segments for both topics, theraotions among all PCK
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components, except the interaction between leamnerinstructional strategies were
one-way. It is evident that the experienced teachHwad much more two-way
interactions among the components than the noe@eher. The novice teacher was
mostly able to connect PCK components in one-wagcton. For instance, her
knowledge of assessment always informed her knaeled learner. There was not
any evidence for the interaction in which her knedge of learner informed her
knowledge of assessment. It seems reasonable; deetlaroughout interviews she
provided evidence that she was unfamiliar with cannstudents’ difficulties and
misconceptions. She expressed that after the aseets®f students’ understanding,
she realized their difficulties and misconceptiofts.a result, she did not possess all
components and sub-components of PCK, which migiience her use of PCK
components simultaneously. Therefore, it seemssfiiuthat no example could be
found revealing that her knowledge of learner infed her knowledge of assessment.
The teachers developed different components and@d@uiponents of PCK over time.
Therefore, the differences in the way of the inteoas seem reasonable when the
different levels of teaching experience were tak#o consideration. In a study
conducted by Henze et al. (2008), they reported ttie teachers’ development of
PCK over the years were qualitatively different tine connections of PCK
components.

On the other hand, it appeared that there were ssiméarities in the
directions of the interactions among PCK componeb&ween novice and
experienced teachers. In all teachers’ teachingheats, where the teachers linked
their instructional strategies with assessment kedge, instructional strategies
always informed their assessment knowledge (one-guagction). Additionally, in
all teachers’ teaching segments, curriculum knogéedalways informed their
instructional strategies and assessment knowleolge-Way). A common two-way
interaction was observed between knowledge of &aand instructional strategies.
However, the close analysis among sub-componemwesh that there were some
differences in the interactions among sub-compan@fhtthese components. For

instance, in Simge’s teaching segments, knowledggoals and objectives most
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frequently informed how to assess sub-componenBuraek’s teaching segments,
knowledge of goals and objectives most frequentfprmed what to assess sub-
component. It is expected to observe similaritissweell as differences in the
directions of the interactions in different topfcs different teachers. This could be
linked to the person- and topic-specific natur®GK (Hashweh, 2005). For instance,
in a study examining experienced chemistry teathe¥, Aydin (2012) observed
that the interactions between learner and assessiaeh curriculum and learner
were two-way. On the other hand, the interactioesvben instructional strategies
and learner, curriculum and instructional strategad assessment and instructional
strategies were one-way. The experienced teachetheopresent study mostly
showed similar directions of the interactions ie gtudy of Aydin (2012). To the
best of my knowledge, there has not been any odserarch to present the nature of
PCK in terms of the direction of the interactiomacmg the components and sub-
components. Therefore, the present study providegireal evidence for
understanding the complex nature of the PCK integgran terms of the directions of

PCK components’ interactions.

5.1.7.Discussion of the results regarding the assertiothat the experienced
teachers were more successful than the novice teachn translating their
knowledge into practice in terms of the integration among PCK

components

The findings indicated that in some cases, evethef teachers had the
knowledge, they could not translate their knowledde practice. For instance, the
teachers had some goals and beliefs concernindnitepscience (e.g., guided-
inquiry, discovery); however, they could not trarsthese beliefs into practice.
Moreover, they could not translate their subjedesic knowledge from knowledge
into practice. On the other hand, they were abldraaslate their topic-specific
instructional strategies into practice. Considerihg nature of PCK which is that
“...PCK is both an external and internal construet,itais constituted by what a

teacher knows, what a teacher does, and the redesorthe teacher’s actions”
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(Baxter & Lederman, 1999, p.158), this finding dosst seem surprising. The
translation of teachers’ knowledge into classrogactice is an important feature of
PCK and this forces us to observe actual teachignfents (Baxter & Lederman,
1999). Additionally, when the PCK definition, whicls based on teachers’
understanding and their enactment (Park & Olivé@0@a), is taken into account, it
seems plausible to observe some of the interacibkaowledge level, while others
were translated from knowledge into practice. PQ@#wgh incorporated knowledge
acquisition and knowledge use. They were interedla@uring instructional practices
rather than following the sequence acquisition emactment (Park & Oliver, 2008a).
Moreover, comparisons of connections among the ooemts put forward

that the experienced teachers were more succetisdnl the novice teacher in
translating the integration of PCK components fronowledge into their teaching
practice. In other words, the experienced teachmsld integrate the PCK
components and enact them much more in the coofaetaching reaction rate and
chemical equilibrium than did the novice teach&r an effective teaching, teachers
should integrate the components and enact themnwdticontext (Park & Oliver,
2008a). The enactment of PCK in a topic requiresaaher to interplay various PCK
components (Park & Oliver, 2008a). Accordingly, thevice teacher’s fragmented
PCK might prevent her from translating the inteiat of PCK components from
knowledge into practice. It can be inferred thadacteng experience might help
teacher achieve translating integration of PCK comemts from knowledge into
practice. Park and Oliver (2008a) supported theathers should produce knowledge
for a teaching based on their own experiences tl@dtrongest changes in teacher

knowledge stem from experiences.

5.1.8.Discussion of the results regarding the assertiotinat teacher self-efficacy
appeared to play a role in their use of PCK compomds and constructing

interactions among them

The findings revealed that teachers’ self-efficappeared to play a role in

the teachers’ use of PCK components and constgutieractions among them. The
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experienced teachers relied on their own capabilityperforming their PCK
effectively. Therefore, they could frequently integ and enact the PCK
components into their actual classrooms. For imgtathey believed in their own
capability to use different instructional strategiam order to address students’
difficulties and misconceptions. Therefore, it dainferred that their high teacher
efficacy may have a role in frequent use of PCK ponents and the construction of
interactions among them. Conversely, the novicehiapartially believed in her
own capability to perform her PCK in an actual stasm. Therefore, she sometimes
could not display her PCK effectively in an actu#hssroom. For example, she
partially believed in her own capability to idestifstudents’ difficulties and
misconceptions and to use alternative strategiesxptanations to manage them.
Therefore, it can be inferred that her low teackkficacy may play a role in the
limited interactions between knowledge of learnsat astructional strategies. These
findings also align with the research providingderice for that teacher efficacy has
a strong effect on teaching effectiveness and PK#oljlauch & Woolfolk Hoy,
2008; Park & Oliver, 2008a). Actually, there is iditectional relationship between
PCK and teacher efficacy (Park & Oliver, 2008a).rdtaver, Park and Oliver (2008a)
advocated that PCK consists of two dimensions: rataleding and enactment. At
this point, teacher efficacy served as a conduttansfer PCK from understanding
into enactment. High teacher efficacy enables t@&cto enact their understanding.
“When the enactment was successfully performedsheaefficacy was in turn
increased” (Park & Oliver, 2008a, p.284). Furthemmowhen it was asked, the
experienced teachers (Simge and Burak) attributenl high teacher efficacy in the
enactment of PCK components to their teaching éspee. The novice teacher
attributed her low teacher efficacy regarding PGinponents to her inadequate
teaching experience. It seems reasonable, becalisdfcacy beliefs are developed
through enactive mastery experience (Bandura, 19¥f§¢ mastery experiences
acquired in the form of successful teaching ismapdrtant source of teacher efficacy
(Mulholland & Wallace, 2001; Park & Oliver, 2008a).
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Finally, this assertion also supports the idea thaeems plausible to view
teacher efficacy as a component of PCK (Park & @|i\2008a; Gess-Newsome,
2015), because it plays a critical role in definprgblems and determining teaching
strategies to solve the problems (Park & OliveQ&4). Furthermore, this finding of
the present study can also be explained by a rewemel proposed by Gess-
Newsome (2015). According to this model, teachefgssional knowledge and skill
(TPK&S) is relatively different from the one origilty introduced by Magnusson et
al. (1999). In the model of TPK&S, teacher orieiotas and beliefs such as teacher
efficacy, motivation, and dissatisfaction are reeshfrom the PCK construct and
viewed as amplifiers or filters for classroom pieet Based this point of view, the
role of teacher efficacy beliefs regarding the o$eand establishing connections

among PCK components appears to be plausible.

5.1.9Discussion of the results regarding the assertiorhat all teachers taught
the same topics with similar lesson plans and sanmgstructional materials;
however, they differed in terms of how effectivelythey connect the PCK

components

All teachers taught the reaction rate and chengqalilibrium topics with the
same instructional materials and similar lessomglddowever, they differed in
terms of how effectively they integrate the PCK paments into their teaching
segments, even if they used the same instructimadérials. The findings showed
that the most experienced teacher (Burak) conne@d components much more
effectively than the other teachers (Simge and IRellhis result may stem from
person-specific nature of PCK (Hashweh, 2005). #aehers’ different levels of
teaching experience may influence the effectivegrdation of PCK components,
because PCK can be improved through teaching expri(Lee et al., 2007). It can
be inferred that as they gain experience, they treghance robust PCK and enact
their PCK effectively in an actual classroom. Maeg as | discussed before, the
teachers’ didactic science teaching orientationhingrevent them from integrating
PCK components effectively (Friedrichsen et alQ2®Park & Chen, 2012; Aydin &
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Boz, 2013; Aydin et al.,, 2015; Demirgén, 2016). Teachers’ science teaching
orientations acted as a barrier to improve morehistipated PCK (Brown et al.,
2013).

5.2. Conclusion

In this study, the nature of interaction among R&khponents of novice and
experienced chemistry teachers in the teaching tiomacrate and chemical
equilibrium were examined. Moreover, the role oadeng experience in the
interactions among PCK components regarding tegchiiese two topics was
investigated. The Park and Chen’s pentagon PCK hveale used for the analyses of
the interactions among PCK components. Based oarhlyses of the participants’
PCK maps and the discussions of findings, the ¥alig conclusions can be made:

PCK is more than the sum of the essential compsnemtd the coherent
interactions among the components increase thetyju# PCK. Moreover, the
growth of a single component may not be enougtafohange in teachers’ practice
because the teachers may not integrate that compmte their PCK during practice.
In addition, lack of coherence among PCK componeatscause problems in using
and developing PCK.

Science teaching orientations influence the teatheCK as well as the
interactions of PCK components. The novice teasherentations towards science
are broad and non-specific, which impedes the astems of the PCK components.
On the other hand, the experienced teachers ugedikgnctive science teaching
orientations and the remaining PCK components @uttigr It can be concluded that
teaching experience has a role in the teachemshseiteaching orientations. Lack of
teaching experience prevents the novice teachem ftoansferring her ideal
orientations into her teaching practice, and bnoddithe interactions between
orientations and the other PCK components.

The interplay of PCK components is idiosyncratid d@apic-specific. The
idiosyncratic nature and topic-specificity of theearplay of PCK components stem

from different PCK components’ involvement in a deag fragment and also
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different interactions of the components and suljwanents in a teaching fragment.
Moreover, the teacher’s level of teaching experesitapes the idiosyncrasy of the

PCK integration.

The existence of each PCK component, the degreheointeraction and
coherence among the components show the leveltedcher's PCK. The use of
PCK components and a coherent integration amonyg dre mainly influenced by
teaching experience. The teachers gain topic-spdeK in an integrative mode
through their teaching experience. In other wotdaching experience appears to
lead an increased level of integration of PCK conguas.

Knowledge of learner, curriculum and instructiorstrategies play an
influential role in shaping the teachers’ PCK madps;ause they frequently integrate
them into their PCK.

The interplays among PCK components do not occua éisear process;
instead, multiple variations may appear simultasgouAdditionally, teaching
experience promotes sophisticated integration®@PGK components.

Teaching experience enable the teachers to cotimed®CK components in
two-way. Moreover, teaching experience helps tlaehers translate integration of
PCK components from knowledge into practice. Taagleixperience has a powerful
influence on effective integration of PCK comporsent

The teacher efficacy has a role in use of PCK compts and the
construction among them. A teacher with a high heacfficacy frequently uses
PCK components and connects them. In additionhtegcexperience is influential
on teacher efficacy.

5.3. Implications and Suggestions for Practice

This study provides evidence for the lack of claabout the nature of PCK,
its components and interactions among componentsl @s development.
Specifically, this study provides valuable inforioatfor the dynamics, complexities
and directions of the interplays among components saib-components of PCK in
chemistry teaching. Therefore, not only understagaif chemistry teachers’ PCK
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but also understanding of how the interactions agn&®&CK components will
contribute to our overall understanding of whathhguality science teaching looks
like. All these findings may inform science teachducators and policy makers.

For science teacher educators, the findings ofstiiidy imply a need to focus
on developing the teachers’ PCK and interconneetgsiamong the components in
teaching specific topics within the same disciplifRCK demonstrates a dynamic
nature, not static, and so teachers can improvie B@K over time (Fernandez-
Balboa & Stiehl, 1995; Kind, 2009). If preserviceathers are supported to
comprehend PCK as knowledge during teacher educgirograms, this may
positively contribute to their professional devetmmt as novice science teachers.
Therefore, preservice teacher education prograroslétprovide opportunities for
preservice teachers to be aware of PCK and dewlep PCK as well as the
integrations of the components. Professional cowde and disciplinary
background are among the sources of PCK (Grossaf280). Therefore, during
preservice teacher education courses, PCK constntiegration of the components,
and its nature should be explicitly introduced teservice teachers as a professional
knowledge base for science teaching. For instandége courses related to methods
of science teaching, preservice teachers shoutd Ezout PCK, its components and
its nature. They should learn subject-specific ampic-specific PCK, what they
explicitly mean and the difference between thenmshibuld be emphasized that a
teacher should possess different PCK for variolgests and topics. They should
learn subject-specific instructional strategiessttience teaching. Preservice teachers
should be dissatisfied with their simplistic view$ teaching and learning, and
provided plausible ways to make teaching and legrmnore student-centered. In
addition, these courses should provide opportumitte teachers to learn how to
implement instructional strategies in differentitspin order to overcome students’
difficulties and misconceptions. After explicithntroducing PCK to preservice
teachers, they should be expected to consider P@Kponents coherently while
lesson planning and performing that plan. In theserses, it may be helpful to
present CoRe as a lesson planning tool. Preseea@mhers should learn how to use
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CoRes while planning a lesson, and how each dirmensi CoRe relates to PCK
components. In addition, the components of PCK loandeveloped in different
courses during teacher education. For instancan ieffort to develop knowledge of
curriculum component of PCK, in the courses relatedurriculum, PCK should be
explicitly emphasized by encouraging preserviceliess to have awareness in the
sequence of the curriculum within a grade and acgpade levels. Moreover, some
courses should be offered to preservice teachersrder to examine students’
misconceptions, difficulties and necessary premgtpiiknowledge in each topic
within a discipline with the purpose of enhancirteit knowledge of learner
component of PCK. In a similar vein, during the rs@s related to instructional
technology and material development, preserviceh&a should be supported to
develop topic-specific materials in specific topiaad consider how these materials
are used to overcome students’ difficulties andcomnseptions. While doing these,
the integration among PCK components should bemtgyh as well. In the courses
related to measurement and evaluation, the usessd#sament knowledge and the
integration of this knowledge with other componest®uld be emphasized. For
instance, while assessing student learning asecklat stated goals, the interaction
between assessment and curriculum should be emapdadvioreover, in practice
teaching courses, preservice teachers should gevblir PCK, and design and
experience instructions by using that knowledge mmore effectively. Preservice
teachers should be expected to use and enacP@&iin their teachings consciously.
For that, microteachings should be used to obdsowepreservice teachers put their
PCK into action as well as to develop their PCK.thiese microteachings, they
should manage students’ difficulties and misconoept connect the topics within
and across grades, and implement instructional assikssment strategies while
planning and enacting their teachings simultangougldditionally, teachers’
reflection upon their own teaching influences the€K development. Therefore,
during microteaching sessions, preservice teadtesld find opportunity to reflect
on their own PCK, to realize and discuss both weall strong parts in their
instruction considering PCK components and thegnatiions of them. They also
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might be expected to draw their own PCK maps ireotd visualize their own PCK
integration. This provides them to realize the congmts that they have difficulty
while interacting with other components. Instrustaf these courses also should
give feedback to preservice teachers focusing anthey effectively use their PCK
as well as the integrations of the componentsdtht@n to these, veteran teachers in
cooperating schools should give feedback to theictie teachings performed in
these schools considering the components of PCEsdteachings may be followed
by reflective writings on weak and strong partshair instructions considering PCK
components and the interactions among. Moreovaircaive mentoring may be
provided to preservice teachers by instructor achiéng assistants of the course in
order to improve their CoRe implementation, explige of PCK, and the integration
of the components into their microteachings.

The findings of this study also indicated that teag experience, another
essential source of PCK, plays a critical roledailftation of more interplay among
the PCK components. Therefore, it seems reasonaldeggest effective teaching
experiences for preservice teachers in order talyzd a dynamic relationship
among PCK components as well as PCK developmendlitiddally, this study
implies that teacher efficacy mediates teacheoasti Teacher efficacy appears to
play a significant role in teachers’ use of PCK poments and construction of
interactions among them, as well as teaching éflmoess. Therefore, teacher
education programs should place more emphasisazhée beliefs. Considering the
relation between teacher efficacy and teaching mapee, teacher education
programs should provide preservice teachers witbxaensive practicum experience
in cooperating schools so that they gain successgtery experiences to increase
their teacher efficacy, which in turn to develogithPCK. For instance, practice
teaching courses may be revised to increase preserteachers’ teaching
experiences in cooperating high schools.

Moreover, the findings of this study imply severaplications for in-service
teacher education programs. The findings showetdtéaghing experience plays an

influential role in obtaining distinctive scienagathing orientations. Still, the novice
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and experienced teachers had strong didactic atient Moreover, this study
implies that both novice and experienced teachleosild be guided in translating
their ideal orientations into their instructionaiaptices. The findings also showed
that both novice and experienced teachers neegwrujpr implementing subject-
specific instructional strategies, which is corems$twith their ideal orientations.
Therefore, teacher educators need to pay attentiionthe science teaching
orientations held by in-service teachers, which na#fect their use of subject-
specific instructional strategies. In professiomi@velopment programs, teachers
should be dissatisfied with their simplistic viewd teaching, and provided
opportunities to make their teachings much mordesiticentered and reform-based.
Teacher educators should guide and provide megtdhem to transfer their ideal
orientations into their real practices. For insignduring professional development
activities, teachers may design an instruction hyizing a subject-specific
instructional strategy (e.g., inquiry, learning l&y¢ which is more student-centered
and reform-based. In this way, they can find anoojynity to translate their ideal
orientations (e.g., discovery and inquiry) intoithastructional practices as well as
integrate their orientations with their subject«fie instructional strategies.
Moreover, this study implies that in-service teasheespecially novice
teachers, need support for the use of PCK compsrsamiultaneously in their own
classrooms. Novice teachers need support to ttenske integration of PCK
components from knowledge into their teaching pcactMentoring program that
MoNE provides to novice teachers by assigning gmee&nced teacher to each of
them to enhance their instruction should explicitgus on both PCK components
and integrations of them. To the observation fotiret experienced teachers use
during this program, all PCK components should dded in an integrative way and
novice teachers should be evaluated in terms of itbegration of the PCK
components. For an effective teaching, novice teackhould be supported in order
to integrate PCK components and enact them withicomtext by the help of
professional development activities. These acéisitshould focus on making PCK
much more explicit in different science topics mer to enable them to notice the
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process of the interactions of the components.ifsiance, in-service teachers may
be introduced with CoRe as a lesson planning tduthvhelps teachers develop their
topic-specific PCK and integration of the composeiihey may prepare CoRes for
different topics in groups. After preparing the @sRkRgroups may make reflections
on the CoRes by focusing on PCK components andntlegrations among them.
Then, they may implement these CoRes in their aclaasrooms and take video-
records of their own instructions. After that, dhgyi professional development
programs, by watching these videos, they may metltections on their performance
focusing on how they apply their CoRes, how theydtate the integration of PCK
components from knowledge into their teaching pecactThese critical and detailed
analyses of their performance provide teacherse®tbeir own strong and weak
parts of their performance. Then, they may initetdiscussion on how they develop
their teaching as well as the integration of PCKnponents. As a conclusion,
teaching performance and specific performance feadiirom a colleague/expert
may provide them mastery experiences and verbalpsion, which enhance their
teacher efficacy. Particularly for novice teach@rsaddition to mastery experiences,
verbal persuasion in the form of encouragementaaivice is a powerful source of
efficacy (Mulholland & Wallace, 2001). Moreover,rthg professional development
activities, sample cases may be analyzed. Thess caay draw a profile of how
experienced teachers integrate their PCK componiattstheir teachings. After
watching experienced teachers’ teaching, they esguss the use of their PCK and
the integration of the components. Experiencedniact rich repertoire of teaching
specific topics and how they connect PCK componeéutsg instructions serve as a
guide/model for novice teachers in order to develmgr own teaching. This may
provide vicarious experiences, one of the sourdesfficacy, for the in-service
teachers (Bandura, 1977). When in-service teadiesrve a credible model teaches
well, the efficacy of the observer teachers majniq@oved.

Finally, the findings of this study imply severahplications for policy
makers. For example, in Turkey, MoNE identifiedctear qualifications in 2011. For
chemistry teaching, these qualifications consistsalbject matter knowledge and
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PCK. While identifying these qualifications, PCKneponents have been presented,
but mostly in a linear/fragmented way. Instead, siering the findings of the
present study, it can be suggested that the iritegsaof PCK components should be
pointed out much more in these qualifications. Mee¥, teacher education
programs should inform preservice teachers abasetlgualifications. Professional
development programs should notify in-service teestabout these qualifications.
Therefore, MoNE should encourage teacher educdtorerganize professional
development programs in order to help teachersiroliteese qualifications. In-
service teachers should be supported to attengegetprograms as well. Moreover,
in-service teachers should be evaluated in termthede qualifications at regular

intervals and necessary feedback should be gividreta by teacher educators.

5.4.Suggestions for Science Education Research

This study has also several suggestions for seiedacation research, which
will contribute to a research on PCK, the intei@tsi among PCK components and
PCK development:

This study is an endeavour to understand the compdéure of integration
among PCK components and sub-components in teaosagion rate and chemical
equilibrium. However, still it is necessary to uretand how the PCK components
and sub-components interact, and how their intemagtinfluence the teachers’
teaching in different topics within the same diso. Further studies, therefore,
should investigate the complex nature and dynamfcsiteractions among PCK
components and sub-components as well as the eftéanteractions in different
topics within the same discipline on teaching pcact

In addition, this study helps making explicit whatvice and experienced
chemistry teachers actually do -how they utilizeithPCK and connect PCK
components to each other- when teaching reactienarad chemical equilibrium. In
further studies, researchers may employ longitudihalies to examine whether the
interactions among teachers’ PCK components graviraprove significantly over
time for different topics within the same discig@inBy studying with both novice
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and experienced teachers, researchers may exandnempare how these teachers
construct their topic-specific PCK and the relasioips between the components for
teaching different topics. Moreover, future studieay focus on novice teachers in
particular, which may help us specify the composéhat the novice teachers have
difficulty in while integrating other componentsrfdifferent topics within the same
discipline.

The present study displays an effort to understaeccomplex nature of the
interaction between science teaching orientatiors the other components. Still,
there have been few empirical studies particulamyestigating science teaching
orientations of secondary science teachers (Fdesken & Dana, 2005). In addition,
Friedrichsen et al. (2011) underlined that becaofets complex nature, most
published papers are not clear about the interstid science teaching orientations
with the other components, or simply omit mosthef tomponents. Therefore, more
research should be conducted to investigate tleeactions between science teaching
orientations and other PCK components with all se-components in different
topics within the same discipline. Still, more engal studies are needed to
understand the role of teaching experience in seiégaching orientations.

Furthermore, utilizing PCK map approach helps mesigiate the
components that teachers have difficulty in whiieegrating other components for
different topics within the same discipline. In d#gh, this method helped me
comprehend how PCK components are structured fachteg reaction rate and
chemical equilibrium. In this regard, in furtheudtes, this approach can be used to
examine how PCK components are structured for tegchlifferent topics in
chemistry. Moreover, with further research effoREK map approach can be used
to investigate how PCK relates to student outcomsich is an unanswered
question in PCK literature. In addition, PCK magach should be developed to
be able investigate the strength and quality of whieractions among PCK
components across different topics. Therefore h@urtstudies which examine the

strength and quality of the interactions will predwseful implications for practice.
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APPENDIX A

CARD-SORTING ACTIVITY (IN TURKISH)

KART GRUPLAMA AKT 1IVITESI

Bir kimya @&gretmeni olarak,

1. Ogrencilere anlik ve ortalama reaksiyon hizeierinin ayrimini gretmenin en
etkili yolu, diz anlatim yodntemiyle tahtaya anhe ortalama reaksiyon hizi
formullerini yazip ikisi arasindaki farki anlatmakiDidactic)

2. Kimyasal denge konusunugi@tmenin en iyi yolu, @rencilere laboratuar

aktiviteleri yaptirmaktir. (Activity-driven)

3. Reaksiyon hizinin zamanla nasiggé gini 6gretmenin en etkili yolu, grencilerin

hiz-zaman ikkisini kesfedebilecekleri bir etkinlik planlatmaktir. (Discery)

4. Reaksiyon isisi ve aktivasyon enerjisi arasindiagliyi 6gretmenin en iyi yolu,
sorular sorarak yaslikavramalari belirlemek ve sonrasinda sahip olduktanlis

kavramalari gidermeye cainaktir (Conceptual change)

5. Le Chatelierilkesini @retmenin en iyi yolu, konu ile ilgili farkli ve zogorular

cbzmektir. (Academic-rigor)

6. Reaksiyon hizinin g oldugu etkenleri @retmenin en iyi yolu, grencilerin
degsiskenlerine  kendilerinin  karar verdikleri bir deney asarlamalarina,
uygulamalarina ve elde ettikleri sonuclari yorumddamna olanak ggamaktir.
(Guided inquiry)

7. Endotermik ve ekzotermik tepkimelerde denge sahitencaklikla olan igkisini
ogretmenin en etkili yolu, farkl reaksiyonlar icinesaplanan Kc derlerinin
sicaklikla dgisimini iceren veriler kullanmaktir. Daha sonrgréncilerden “neden

bazi reaksiyonlarda Kc deri sicaklikla artarken bazi reaksiyonlarda Kgete
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azalir” ile ilgili hipotez kurmalarini, verileri yamlamalarini, analiz etmelerini ve

sonugclarini siniftaki ger &srencilerle paylamalarini istemektir. (process)

8. Reaksiyon hizlari ve kimyasal denge Unitesfintetmenin en iyi yolu, grencilerin
gunluk hayatta bu nite ile ilgili olarak kaestiklari gercek bir problemin ¢ézumi
Uzerine bir proje yapmalarinigamaktir. (Project-based science)

9. Reaksiyon hizlari ve kimyasal denge Unitesindekirdalarin tarihsel gelimi
hakkinda bilgi vererek konuya gamak, bu konuyu anlatmanin en etkili yoludur.

(Curriculum goal: History of science)

10. Ogrencilere, icinde reaksiyon hizi ve kimyasal dekgeramlarinin anlamli bir
sekilde kullanildgl grup oyunlari oynatmak, bu konulagrétmenin en iyi yoludur.

(Curriculum goal: Terminology)

11. Ogrencileriniz icin yapabileggéniz en iyi seyin onlari Universiteye hazirlamak
oldugunu diunir ve bu nedenle, konuygréttikten sonra soru ¢c6zmeye gabiniz.

(High stakes university entrance exam)

12. Bu konuyu @retmenin en iyi yolu, konuyu anlatirken teknolojirgusu yapmak
ve teknoloji ile toplum ikkisini 6ne ¢ikarmaktir. (Curriculum goal: STS)
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APPENDIX B

CONTENT REPRESENTATION (CoRe)

IMPORTANT SCIENCE IDEAS/CONCEPTS

What you intend theBigldeal

students to learn about

this idea

Big Idea 2

Etc.

Why it is important for
students to know this

=

What else you knov
about this idea (that yo

[

do not intend students to

know yet)

Difficulties/limitations
connected with teaching
this idea

Knowledge about
students’ thinking whick
influences your teaching
of this idea

Other factors that
influence your teaching af
this idea

Teaching procedures (and

particular reasons far

using these to engage

with this idea)

Specific ways of
ascertaining students’
understanding or

confusion around this
idea(include likely range
of responses)
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APPENDIX C

SAMPLE INTERVIEW QUESTIONS

Ornek Gortisme Sorulari

Fen ve Kimya Qgretiminin Amaglari
Sizce lisede neden fen/kimyagrétiyoruz? Sizin kimya gretmedeki

amagclariniz nelerdir?

2. Bahsettginiz bu amaclari/hedefleri nasil belirlediniz?

=

N

Fen @retiminde @retmenin ve grencinin rol nedir?

Konuyu Bilmenin Onemi

. Ogrencilerin reaksiyon hizi/kimyasal denge konusuniimédsi neden

onemlidir?
Ogrencilerin reaksiyon hizi/kimyasal denge konusupremeleri onlara ne

gibi avantajlar sglar? Neden?

Ogretim Programi Bilgisi

Sizce @@rencilerin reaksiyon hizi/kimyasal denge konusurig@enmesi
gereken en 6nemli kavramlar/noktalar nelerdir? Bur&mlari/noktalar1 nasil
belirlediniz?

Ogretim programinda reaksiyon hizi/kimyasal denge ukona temel
olusturan konular nelerdir?

Ogretim programini  kullanmada ne kadar iyisiniz? Nedéyi/kotu

oldugunuzu diguntyorsunuz? Ya da bu kaniya nasil vardiniz?
Ogrenci Bilgisi
Ogrenciler reaksiyon hizi/kimyasal denge konusuriieebilmeleri igin

hangi 6n bilgi ve becerilere sahip olmalidirlardse?

. Ogrenciler bu bilgileri neredengdenmi olabilir?
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3. Reaksiyon hizi/lkimyasal denge konusund&reicilerin zorlandiklari
noktalari/yang kavramalari ortaya cikarmada kendinizi ne kadaerjie

hissediyorsunuz?

Ogretim Stratejileri Bilgisi

1. Ogrencilerinizin reaksiyon hizi/kimyasal denge komdaki kavramlari
anlamasina yardimci olmak icin hangrétim stratejilerini kullanacaksiniz?

2. Reaksiyon hizi/kimyasal denge konusurgretirken @rencilerinizin yanlg
kavramalara sahip olduklarinin farkina varsaniyapmgarsaniz?

3. Ogrencilerin kafasi kagtiginda ne kadar alternatif aciklama ya da 6rnek

s&layabilirsiniz?

Degerlendirme Bilgisi

1. Ogrencilerin reaksiyon hizi/kimyasal denge konusumda @rendiklerini
hangi 6lgme tekniklerini kullanarak 6lgersiniz?

2. Bu olgme tekniklerini kullanmay: tercih etmeniziebepleri nelerdir?

3. Ogretiminizi deserlendirme yollari bulmada ne kadar iyisiniz? Nedetkot

oldugunuzu diguntyorsunuz? Ya da bu kaniya nasil vardiniz?
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APPENDIX D

PCK CODING TABLE

PCK coding table used in this Study (Roberts, 1988gnusson et al., 1999, MoNE,

2017
Codes Sub-cades Definition
Science Didactic Transfer the facts of scier
teaching Activity-driven Make learners active with materials and hands-on
orientations experiences
Discovery Supply opportunities for learners to discover
aimed science concepts on their own
Conceptual Ease the improvement of scientific knowledge by
change contradicting learners with contexts to clarifyttha

Academic-rigor
Guided-inquiry

Project-based

challenge their naive conceptions

Present a specific body of knowledge

Found a community of students whose members
share responsibility for comprehension the
physical world, especially with respect to utiligin
the tools of science

Include learners in examining solutions to

science authentic problems
Process Help learners improve science process skills
History of Develop an understanding of the historical
science improvement of basic concepts of the matter
Science- Develop an understanding of the effects of
technology- concepts on individuals, social, economic and
society technological world
Terminology Develop skills for utilizing chemical terminology
for explaining those concepts or models
High Stakes Prepare learners for high stakes university
University entrance exam
Entrance Exam
Everyday coping Use science to understand everyday objects and
event:

Knowledge Knowledge o Teachers’ knowledge of goals and objecti

of goals and related to their subjects for students

curriculum  objective:
Knowledge of Teachers’ knowledge of curriculum abc
horizontal relations to other topics in the same grade irrthei
curriculurr subject
Knowledge of Teachers’ knowledge of curriculum abwertical
vertical relations of the topic to the earlier and laterdgs
curriculum
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PCK coding tabl used in this Study (Roberts, 1988; Magnusson £199¢, MoNE,
2011)) (continued

Knowledge Knowledge of Teachers’ knowledge about prerequi:

of learner  requirements for knowledge needed for learners in order to learn
learning particular scientific topic
Knowledge of Teachers’ knowledge about science concep
areas of student topics that learners find difficult to learn.
difficulty
Knowledge of Teachers’ knowledge about learners’ id

areas of student different from scientifically accepted description
misconceptio

Knowledge Knowledge of Teachers’ knowledge about assessme
of dimensions of students’ learning as related to stated goals
assessment science learning

to assess (What

to assess
Knowledge of Teachers’ knowledge of how to assess stu
methods of learning as related to stated goals
assessment (How
to asses:
Knowledge Knowledge of Teachers’ knowledge of strategies usec
of subject-specific  teaching science which are more general and
instructional strategies for particular to only teaching science (e.g., learning
strategie science teachir  cycle, inquiry
Knowledge o Teachers’ knowledge of tof-specific
topic-specific representations (e.g., analogies, models,
strategies for examples) and topic-specific activities (e.g.,

science teaching experiments, demonstrations, simulations) for
teachingspecific topics in scienc
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