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ABSTRACT

EXAMINATION OF TOPIC-SPECIFIC NATURE OF PEDAGOGICAL
CONTENT KNOWLEDGE: A CASE OF SCIENCE TEACHER OF
GIFTED STUDENTS

Caylak, Burak
Ph.D., Department of Elementary Education
Supervisor: Prof. Dr. Jale Cakiroglu

September 2017, 299 pages

The aims of this study were to investigate the topic-specific pedagogical
content knowledge (PCK) of a science teacher working with gifted students, and to
investigate the interaction of the teacher’s PCK components. Single case study
methodology in qualitative nature was utilized, and the case was comprised of a
middle school science teacher who worked in a private school including 7™ grade
gifted students. Three physics topics; work and energy, simple machines, and friction
force were selected to gain rich information about the participant teacher’s teaching
through in a long term observation. The data were collected through card-sorting
activities, CoRe (Content Representation), semi-structured interviews, classroom
observations, and field notes.

The study results showed that the teacher had multiple science teaching
orientations about science teaching and learning. She had also strong knowledge of
curriculum and used science curriculum effectively while designing and applying
related topics. As regarding knowledge of learner, her teaching was affected by
characteristics of gifted students leading the teacher to design and apply enrichment

activities. Moreover, topic-specific instructional strategies were often employed

iv



while teaching related topics. The teacher’s knowledge of assessment included
informal strategies such as questioning and monitoring, and formal assessment such
as quizzes, multiple choices tests, and exams at the end of the unit. Finally, as
regarding the interaction of teacher’s PCK components, the planning and practicing
maps had different characteristics and they had topic-specific in nature. The teacher
knowledge about the characteristics of gifted students and enrichment curriculum

shaped and influenced her planning and teaching related topics.

Keywords: Pedagogical content knowledge, interaction of PCK components, middle
school science teacher, gifted students, and physics topics.



0z

BIR FEN BiLIMLERIi OGRETMENININ PEDAGOJIK ALAN BiLGISININ
KONUYA OZGU DOGASININ INCELENMESI; USTUN YETENEKLI
OGRENCILERIN OGRETMENININ DURUMU

Caylak, Burak
Doktora, Ik gretim Boliimii

Tez Yoneticisi: Prof. Dr. Jale Cakiroglu

Eyliil 2017, 299 sayfa

Bu c¢alismanin amaglari, tstiin yetenekli Ogrencilerin fen bilimlileri
ogretmenin pedagojik alan bilgisinin (PAB) konuya 6zgii dogasini tiim bilesenleriyle
incelemek ve 6gretmenin kullandigi PAB bilesenlerinin etkilesimlerini incelemektir.
Calismada tekli durum (case study) ¢alismasi kullanilmistir. Bu kapsamda ¢alismaya,
ozel bir okulda ortaokul 7. sinif istiin yetenekli 6grencilerin 6gretmeni olarak gorev
yapan bir fen bilimleri 6gretmeni katilmistir. Bu 6gretmenin pedagojisi hakkinda
bilgi elde etmek i¢in onun, ii¢ fizik konusundaki “is-enerji, basit makineler ve
sirtinme kuvveti” ogretimi gbézlemlenmistir. Bu gozlem ile baglantili olarak
caligmanin verileri kart gruplama aktiviteleri, icerik gosterimi (CoRe), yari
yapilandirilmis goriismeler, sinif gézlemleri ve gdzlem notlari ile toplanmaigtir.

Bu verilerden elde edilen sonuglar, Ogretmenin ¢oklu fen Ogretimi
oryantasyonuna ve gelismis bir ortaokul program bilgisine sahip oldugunu
gostermistir. Buna gore 6gretmen, ilgili programi hem planlama hem de konularin

ogretimi sirasinda etkili bir sekilde kullanmaktadir. Ogretmen, 6grenci bilgisi
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acisindan ele alindiginda ise iistlin yetenekli 6grencilerin karakteristik 6zelliklerinden
dolay1 zenginlestirilmis etkinliklere ihtiya¢ duyduklar1 ve bu ihtiyaclarin 6gretmenin
hem planlama hem de Ogretimini etkiledigi goriilmiistiir. Bu bulgulara ek olarak,
Ogretmen tarafindan konuya Ozgii Ogretim stratejilerine siklikla basvurulmakla
birlikte soru-cevap ve gozlemler gibi informal; donem sonu sinavlari, agik uglu ve
coktan segmeli testler gibi formal degerlendirme yontemleri kullanilmaktadir. Son
olarak, 6gretmenin pedagojik alan bilgisi bilesenlerinin etkilesimi incelendiginde,
hem planlama hem de uygulama haritalarinin birbirinden farkli ve konu tabanli bir
karakteristige sahip oldugu gorilmiistir. Calismanin bulgulart genel olarak
degerlendirildiginde, 6gretmenin ilgili konular1 hem planlama hem de uygulama
bilgilerinin, iistiin yetenekli d6grencilerin karakteristik 6zelliklerinden etkilendigi ve
bu Ozelliklerin bilgisi ile zenginlestirilmis aktiviteler bilgisinin, 6gretmenin

ogretimini sekillendirdigi ifade edilebilir.

Anahtar Kelimeler: Pedagojik alan bilgisi, pedagojik alan bilgisi bilesenlerinin

etkilesimi, fizik konulari, {istiin yetenekli 6grenciler ve fen bilimleri 6gretmeni
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CHAPTER 1

INTRODUCTION

Physics topics and concepts are considered by both teachers and students as
abstract and difficult construct for teaching and learning (Ahtee & Johnston, 2006;
Hammer, 1996). Therefore, teaching and learning of any physics concepts require
large number of attempts and efforts to overcome the learning difficulties. For
someone from the outside of school context, this is not very clear to understand and
imagine these challenges and efforts because teaching includes complex process.
Moreover, effective and meaningful teaching arises from multiple resources
(Shulman, 1987). For instance, “work™ concept in the unit of “force and movement”
in the middle school level means to move an object in the direction of applied force.
In other words, in order to create a physical work, an object must be subjected by a
force and the object should be displaced in the same direction with force. The
definition might be also summarized in the formula of Work = Force x Distance. In
this respect, if teaching appears only to saying the definition of work concept, it
would be enough to saying above formula for students or getting the students take
notes of the definition including only two or three sentences. By doing so, this
pedagogical strategy might be considered a teaching and learning of “work™ concept
for someone from outside of school context. However, it is not enough for effective
teaching or meaningful learning due to the fact that there are many things to be
considered by the teachers to make students meaningfully learn. Those things include
subject matter knowledge (SMK), general pedagogical knowledge (PK), or
contextual factors, which materials the teacher used, students’ knowledge and
abilities, etc.

With above example in mind, teaching is complex process and it enables
teachers to have knowledge of what to know and how to know (Shulman, 1987).

Then teachers start to think their plan including such questions; what are our goal
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and purposes to teach the concept?, what are the curriculum objectives and
materials?, what is the student’s knowledge and abilities such as prior knowledge,
misconceptions, or learning difficulties?, which instructional strategies are more
appropriate for both students and the concept?, and how can we assess the students’
performance? (Magnusson, Klajcik, & Borko, 1999). This is only planning stage, and
when looking at practicing part, teachers face to other challenges and difficulties. In
order to handle these difficulties in classroom context, teachers require specific
knowledge base which is different from SMK and general PK.

Along this line, a new type of knowledge has been defined as pedagogical
content knowledge (PCK). A large number of researches in teacher education have
focused on PCK as important teacher knowledge (Abel, 2007; Grossman, 1990;
Loughran, Berry, & Mulhall, 2006; Magnusson et al., 1999). In teaching process,
teachers present particular concepts, skills, abilities, attitudes, or performance skills
by using specific lecturing, performing, demonstrating, or other type of presentations
(Shulman, 1987). In this process PCK plays a crucial role to transfer SMK to
teaching practice, and PCK is defined as “the most useful forms of representation of
those ideas, the most powerful analogies, illustrations, examples, explanations, and
demonstrations-in a word, the ways of representing and formulating the subject that
make it comprehensible to others” (Shulman, 1986, p. 9). It has been used by many
researchers in different context such as, pre-service versus expert teachers,
elementary versus secondary teachers, or topic-specific versus subject-specific. Its
popularity has been still continued because each topic or content is still utilized as a
missing paradigm in the PCK research (Abell, 2008). It is agreed that PCK studies
have not been still enough (Abell, 2008; Loughran, Mulhall, & Berry, 2004; van
Driel, Verloop, & De Vos, 1998) to complete the puzzle, if each PCK study is
accepted a part of this puzzle.

Shulman (1987) clarified the knowledge bases and introduced first PCK.
Then, following researchers focused on the knowledge bases and extended
Shulman’s definition of PCK. Grossman (1990) studied with Shulman’s model of
knowledge bases and she separated pedagogical knowledge from PCK. She also

attributed the component of orientation as separated knowledge teachers need to
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know, and she defined teaching orientation as “conceptions of purposes for teaching
subject matter” (p. 5). Tamir (1988) organized the knowledge bases such as SMK,
general pedagogical knowledge, PCK in order to create a useful framework for
researchers, and added knowledge of assessment components to the framework.
Mark (1990) was another scholar to support PCK model as integrating new
component of “media”. Furthermore, there were some other scholars to reconsider
PCK under different views such as PCK was analyzed under three groups; general
PCK, domain-specific PCK, and topic specific PCK (Veal & MaKinster, 1999), and
integrative and transformative PCK models (Gess-Newsome, 1999).

Until above studies, researchers focused on general teacher education and
knowledge bases. Magnusson et al. (1999) generated a PCK model for science
teachers. They defined PCK as follows;

Pedagogical content knowledge is a teacher understanding of how to help
students understand specific subject matter. It includes knowledge of how
particular subject matter topics, problems, and issues can be organized,
represented, and adapted to the diverse interests and abilities of learners, and
then presented for instruction (p. 96).

Moreover, Magnusson et al. (1999) explained PCK under five components;
science teaching orientation (STO), knowledge of curriculum (KoC), knowledge of
learner (KoL), knowledge of instructional strategies (KolS), and knowledge of
assessment (KoA). This model has provided science teachers education literature
with valuable information about topic specific in nature. Also this PCK model has
been the most used by scholars as a conceptual and analytical framework (Abell,
2007; Gess-Newsome, 2015). After Magnusson et al.’s (1999) conceptualization,
PCK literature has been extended and still continued the development by other
researchers by adding some components (Park & Oliver, 2008) or revising the
teachers’ knowledge bases models (Gess-Newsome, 2015).

To make science teacher’s PCK more clear and understandable, researcher
have agreed to give more attention to the interactions of PCK components (Abell,
2008; Magnusson et al., 1999; Park & Chan, 2012). While teaching any science
concept, teachers use specific components in a combination to present specific

knowledge and abilities. In other words, the components act coherently (Loughran et
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al., 2006) through utilizing that one component informs to others. Moreover, the
interaction among PCK components can explain more clearly the teachers’ teaching
behaviors. Therefore, investigating the interaction components is more important and
it is expected to provide science teacher education with valuable experience and
knowledge (Park & Oliver, 2008).

To sum up, teacher’s PCK has been investigated science teacher education
literature since 1986 and it has valuable or significant knowledge and experience in
order to find out the answers of question “What kinds of knowledge do teachers need
in order to be effective in their classrooms?”” (Tamir, 1988, p.99). This question has
been utilized for general and science teachers to enhance their abilities or knowledge.
However, there is an ignoring part of teacher education for gifted students
(Shaughnessy & Sak, 2015). Gifted learners have some special abilities in academic
domain and present a special performance especially intellectual functioning
different from their peers (Gagne, 2004; Gilman, 2008; Taber, 2007).

Different than the other students, gifted learners have some particular
characteristics observed in science classes. Gifted students interrogate and question
new information (Stott & Hobden, 2016), ask challenging, unusual, and insightful
questions (Miller, 2009; Park & Oliver, 2009), learn science concepts easier and
more quickly than peers (Gilman, 2008; Joffe, 2001; Manning, 2006; Miller, 2009;
Park & Oliver, 2009; Taber, 2007), have perfectionist traits to complete any works
(Joffe, 2001; Park & Oliver, 2009), dislike routine, notetaking, and homework (Joffe,
2001; Park & Oliver, 2009; Samardzija & Peterson, 2015), enjoy participating
complex, discovery, students-centered, self-discovery learning environment
(Friddyment, 2014; Joffe, 2001; Miller, 2009; Samardzija & Peterson, 2015; Taber,
2007), and transfer effectively obtained knowledge and implement it to new
conditions (Manning, 2006; Miller, 2009; Stott & Hobden, 2016).

By taking into account above characteristics, these special abilities lead some
requirements to be handled by teachers in classroom context. In other words, these
characteristics can be turned into educational needs for gifted students. Therefore,
effective and successful teachers should know the characteristics of gifted students

and they should meet the special educational needs of gifted learners (Heath, 1997;
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Pfeiffer & Shaughnessy, 2015) because they are more affected by teachers’ attitude
and behaviors than non-gifted students (Croft, 2003). Although experienced teachers
have necessary knowledge and abilities, these characteristics unfortunately are not
enough to meet the needs of gifted students (Bangel, Moon, & Capobianco, 2010;
Croft, 2003; Manning, 2006; Miller, 2009; Taber, 2007).

Effective teachers should identify and understand their students, and have a
repertory including varied instructional and differentiation techniques such as
acceleration, grouping, or highly enriched curriculum. The designing of
differentiation activities is very difficult for classroom teachers because these
activities require meeting the students’ needs, attracting their attentions, addressing
individual learning. In order to design a differentiation classroom environment, it
requires using deep and extra information, high thinking skills, uncommon subjects,
experience, more speed, self-directed learning, which are competencies for effective
teachers. In this respect, teachers first identify their students’ populations, determine
their needs, and find out the ways that handle the needs of gifted students (Croft,
2003).

After determining students’ needs, teachers should design specific
educational supports including differentiated provisions, and more advanced and
varied activities (Sekowski & Lubianka, 2015) because traditional strategies do not
support to gifted students (Winstanley, 2007). Therefore, the student-centered
instructions are a must, and whoever is gifted in science has to know the nature of
science (Gilbert, & Newberry, 2007). In this regard, in order to design effective
instructional materials, or enrichment activities, teachers should participate in
specific training programs developed to overcome the special needs of gifted
students (Kaplan, 2012; Miller, 2009). Moreover, regular educational supports such
as formal training or certification programs might not be enough to develop teachers’
professional competencies for gifted students due to the fact that those educational
attempts generally include SMK on a specific domain (Miller, 2009; Mills, 2003).
Teachers need to engage in training programs in which they should gain some special
knowledge and abilities so as to enhance creative and productive abilities of gifted



students in addition to improve individuals’ self-fulfillment and to provide society
with gifted students’ future attribution (Renzulli, 2012).

In conclusion, the projects, training programs, or educational supports to
enhance teachers’ knowledge and abilities are very beneficial with regard both
students and teachers (Heath, 1997; Johnsen, Haensly, Ryser, & Ford, 2002).
Moreover, effective and skillfully teachers have ability to determine students’ needs,
and handle those by using particular strategies or precautions. The teachers are able
to answer how much their students need to take enrichment activities, what degree of
speed is more appropriate for the students, and how much challenge and frustration
can be tolerated by the students in enrichment activities? (Pfeiffer & Shaughnessy,
2015). In this respect, to find out the answer to above questions, it is necessary to

have teachers with strong knowledge bases especially PCK.

1.1 Purposes of the Study

In light of the rational of the study, the study had two main purposes (1) to
investigate the nature of topic-specific PCK while the teacher of gifted students was
teaching work and energy, simple machines, and friction force topics, and (2) to
investigate the interaction among all PCK components both planning and practicing

process while teaching of related physics topics.

1.2 Research Questions

1. What is the nature of PCK of gifted students' science teacher in teaching
the topics of work/energy, simple machines and friction force?

a. What is the nature of gifted students’ science teacher’s knowledge of
orientation to science teaching in teaching the topics of work/energy, simple

machines and friction force?



b. What is the nature of gifted students’ science teacher’s knowledge of
curriculum in teaching the topics of work/energy, simple machines and friction
force?

c. What is the nature of gifted students’ science teacher’s knowledge of
learner in teaching the topics of work/energy, simple machines and friction force?

d. What is the nature of gifted students’ science teacher’s knowledge of
instructional strategy in teaching the topics of work/energy, simple machines and
friction force?

e. What is the nature of gifted students’ science teacher’s knowledge of
assessment in teaching the topics of work/energy, simple machines and friction
force?

2. How do PCK components interplay in teaching the topics of work/energy,
simple machines and friction force?

a. How do PCK components interplay in the lesson planning while teaching
the topics of work/energy, simple machines and friction force?

b. How do PCK components interplay in the classroom practices while

teaching the topics of work/energy, simple machines and friction force?

1.3 Definition of Important Terms

This part of the study explained the important concepts mentioned in many
part of the study, and they need to be identified.
Pedagogical Content Knowledge is a;

“teacher’s understanding of how to help students understand specific
subject matter. It includes knowledge of how particular subject matter
topics, problems, and issues can be organized, represented, and
adapted to the diverse interests and abilities of learners, and then
presented for instruction.” (Magnusson, et al., 1999, p. 96).

Subject Matter Knowledge means the knowledge including the amount and
organization of content in a particular domain. Knowledge of the content involves

theories, principles, models, organizations of concepts, and facts (substantive
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structure), and the way and process of obtaining knowledge with using the rule of
evidence and proof to support scientific claims in a specific field (syntactic structure)
(Schwab, 1964, as cited in Tamir, 1988).

Pedagogical Knowledge refers to general teaching knowledge and behaviors
such as general instructional strategies, learning theories, communication skills, and
behavior and classroom management (Abell, 2007). It is also not a subject specific
knowledge for specific teachers such as science teaching or mathematics.

Science Teaching Orientation (STO) refers that teachers have knowledge and
beliefs about goals and purposes at a particular grade level. Moreover, orientation is
conceptualized a general view of teaching science. In other words, this component is
defined general teacher's view of teaching and knowledge of teacher's purposes and
goals toward in planning, teaching, and evaluating of a specific science topic
(Magnusson et al., 1999).

Knowledge of Curriculum (KoC) contains two knowledge bases; mandated
goals and objectives for learners in a subject (physics, chemistry, or biology), and
specific curricular programs and materials (Magnusson et al., 1999).

Knowledge of Learner (KoL) is about learns to help students develop
scientific knowledge and includes two sections such as knowledge of requirements
for learning and knowledge of areas of student difficulty (Magnusson et al., 1999).

Knowledge of Instructional Strategies (KolS) consists of two parts. (1)
Subject-specific strategies are related to general approaches for science teaching.
Teachers’ general teaching views mentioned in STO component include learning
cycles, discovery, conceptual change, or inquiry strategies which are used to reach
specific goals and purposes. (2) Knowledge of topic-specific strategies is teacher
knowledge to provide students’ understanding about specific topics. Teachers can
use representations such as “illustrations, examples, models, or analogies” and
activities such as “example, problems, demonstrations, simulations, investigations, or
experiments” (Magnusson et al., 1999, p.111).

Knowledge of Assessment (KoA) includes the knowledge of dimensions of
science learning to assess (assessment process for a science topic such as scientific

literacy including conceptual understanding, nature of science, scientific
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investigation and assessing) and knowledge of methods of assessment (teacher
knowledge about assessment ways to evaluate learning that occur in students while
teaching a specific topic such as written test, journal entries, laboratory reports
multiple choice tests) (Magnusson et al., 1999).

Interaction of PCK component refers that teachers use two or more
components together in order to provide a presentation, to handle a misconception, or
to detect and handle a learning difficulties while teaching a specific content (Park &
Oliver, 2012) because the teachers PCK components act coherently as a whole
(Magnusson et al., 1999).

Gifted students have some special abilities in academic domain and present a
special performance especially intellectual functioning different from their peers
(Gagne, 2004; Gilman, 2008; Taber, 2007). Moreover, gifted student means that a
child is identified by experts on intelligence, creativity, artistic, leadership capacity,
or specific academic areas in which he or she exhibits high levels of performance
than their peers of children (Ministry of National Education (MNE), 2007).

Characteristics of gifted students mean that gifted students, in general
meaning, demonstrate cognitive ability such as rapid learner, thinking complex and
quickly, advanced comprehension for abstract ideas (Joffe, 2001; Manning, 2006;
Miller, 2009; Park & Oliver, 2009; Taber, 2007), and transferring effectively
obtained knowledge and implement it to new conditions (Manning, 2006; Miller,
2009; Stott & Hobden, 2016), for emotional ability such as having perfectionist
traits to complete any works (Joffe, 2001; Park & Oliver, 2009), dislike routine,
notetaking, and homework (Joffe, 2001; Park & Oliver, 2009; Samardzija &
Peterson, 2015), enjoy participating complex, discovery, students-centered, self-
discovery learning environment (Friddyment, 2014; Joffe, 2001; Miller, 2009;
Samardzija & Peterson, 2015; Taber, 2007).

Enrichment curriculum or activities is defined that regular curriculum
subjects including ideas and knowledge are extended, supported, or differentiated to
greater extent with high level of context, knowledge or ideas in order to meet the
gifted students’ needs (Freeman, 1998; Thomson, 2006).



1.4 Significance of the Study

This study included two powerful aspects; analyzing the nature of topic-
specific science teacher of gifted students” PCK, and investigating the interactions
among the science teacher’s PCK component while both planning and teaching
practicing of the topics “work and energy, simple machines, and friction force”. In
doing so, it is hope that each of them provides in the field of science and gifted
teacher education with valuable evidence.

This study was a part of science teacher education through investigating
topic-specific in nature. After Shulman’s (1986) definition of PCK, a large number
of scholars have conducted PCK studies in order to provide in the field of teacher
education with valuable information about teachers knowledge and abilities, and
each of them supported to teacher education fields by adding new components
(Grosman, 1990; Magnusson et al., 1999; Marks, 1990; Tamir, 1988), new
methodologies (Gess-Newsome, Taylor, Carlson, Gardner, Wilson, & Stuhlsatz,
2017; Kaya, 2009; Padilla & van Driel, 2011; Park & Chen, 2012), new definition
and models (Gess-Newsome, 1999; 2015; Park & Oliver, 2008) of PCK. However, it
is not clear yet the science teacher education in terms of how teachers use their PCK
or how their students affect teachers’” PCK while teaching particular topics. In
addition, science teacher education needs to be conducted more topic-specific PCK
studies (Abell, 2008; Loughran et al., 2004; van Driel et al., 1998). Moreover, there
are still unclear points in PCK, which requires to be reached consensus (Bertram &
Loughran, 2012; Gess-Newsome, 2015; Schneider & Plasman, 2011) such as the
relationships between teachers’ STO and other components (Friedrichsen, van Driel,
& Abell, 2011), effectiveness of teachers’ KolIS including inquiry skills and models;
how they translate into classroom practice; and teachers’ KoA (Abell, 2007), and
teachers’ KoC (Park & Chen, 2012). If PCK is considered a paradigm for science
teacher education and researchers, each piece of the puzzle should be completed by
further research that compares and contrasts teachers' knowledge in different topics
in the same branch (Abell, 2008). In this respect, the current study including the
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nature of topic-specific PCK with physics topics was supposed to find out a piece of
the puzzle in the field of science teacher education.

In addition, so as to complete the piece of puzzle of PCK, topic selection
needs consideration because large number of scholars have studied topic-specific
PCK such as biology topics (Cohen & Yarden, 2009; Friedrichsen & Dana, 2005;
Kéapyld, Heikkinen, & Asunta, 2009; Tekkaya & Kilig, 2012), chemistry topics
(Aydm, 2012; de Jong, van Driel, & Verloop, 2005; Demirdégen, Hanuscin,
Uzuntiryaki-Kondakci, & Koseoglu, 2016; Park & Oliver, 2008; van Driel, de Jong
& Verloop, 2002; van Driel, et al., 1998), and physics topics (Etkina, 2010; Findlay
& Bryce, 2012; Halim & Meerah, 2002; Nilsson, 2008; Seung, 2013). When
comparing the topics to be subjected in PCK studies, physics topics have taken less
attention specifically in Turkish context (Aydin & Boz, 2012), and when comparing
physics topics in the same discipline, researchers especially focused on mechanical
issues (Eyyiipoglu, 2011). Following PCK studies focusing on physics topics which
were used to analyze in a variety from pre-service teachers to in-service teachers,
from elementary level to secondary level, or undergraduate course topics such as
linear motion (speed, velocity, and acceleration) and thermodynamics (heat energy
and temperature) (Veal, Tippins & Bell, 1999), force and electric circuits (Loughran
et al., 2004), light, speed, force, heat (Halim & Meerah, 2002), heat energy and
temperature (Magnusson & Krajcik, 1993), force in floating and sinking (Parker &
Heywood, 2000), thermal physical phenomena (Sperandeo-Mineo, Fazio, &
Tarantino, 2006), electricity and magnetism (Eyiipoglu, 2011), matter and
interactions (Seung, 2012), and electricity, mechanics, temperature, light, and sound
(Nilsson, 2008). This present study had originality in terms of physics topics
comparing with above studies including generally high school physics topics. The
previous studies also did not have topic-specific in nature (Loughran et al., 2004).
They generally examined the relationships between SMK and teachers’ teaching
(Parker & Heywood, 2000; Sperandeo-Mineo et al., 2006), PCK development
process and the effect of content knowledge on teachers’ PCK (Veal et al., 1999), or
few specific components such as KoL or KolS (Halim & Meerah, 2002; Magnusson

& Krajcik, 1993). Stated differently, they have different characteristics from topic-
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specific PCK studies. However, the study investigated physics topics work and
energy, simple machines, and friction force in the middle school level, and topic-
specific in nature with five PCK components.

As the selection of the topics; work and energy, simple machines, and friction
force were investigated because each topic has different features such as curriculum
objectives, materials, difficulties and abstract levels, and they were not studied based
on topic-specific PCK in middle school levels, and gifted students’ context yet. In
this respect, after analyzing and drawing a conclusion about the participant science
teacher’s PCK, behaviors or valuable teaching practices will fulfill several gaps
about issues mentioned science teacher and gifted students’ education literature. The
valuable and significant knowledge and abilities provide (1) in-service teachers
working with gifted and non-gifted students with an alternative example of how
teaching and learning appear in the classroom context while teaching of three physics
topics, (2) pre-service teachers preparing programs with modification or redesigning
programs through getting specific application or activities and concrete example of
PCK arising from the study topics.

To sum up, the study results were hoped to be a significant resource both in-
service teachers and pre-service teachers in terms of professional development of
teachers because the study topics have an abstract, difficult, and complex nature for
learning and teaching (Hammer, 1996). Moreover, both teachers and students believe
that understanding of physics topics requires engaging in difficult process (Ahtee &
Johnston, 2006). In addition to their abstract and complex nature, both pre-service
and in-service teachers have many alternative conceptions about work and energy
(Avci, Kara, & Karaca, 2012; Coban, Aktamis, & Ergin, 2007; Kruger, 1990;
Trumper, 1998; Yiirimezoglu, Ayaz, & Cokelez, 2009), simple machines (Marulcu
& Barnett, 2013), and friction force and energy (Atasoy & Akdeniz, 2007; Hanger,
2007; Hope & Townsend, 1983; Kaplan, Yilmazlar, & Corapgigil, 2014). Therefore,
it was expected that the participant teacher would present valuable pedagogical
decision making process and teaching behaviors which are important sources and
examples of teaching and learning of three physics topics in terms of in-service

teacher and pre-service teacher professional developments.
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The significance of the study also arose from the study context including real
teaching environment. A middle school science teacher was analyzed in the study in
terms of Magnusson et al.’s (1999) PCK model and five components. As we know
that teachers use their PCK, and all components act coherently as a whole while
teaching specific topics. The absence of one or more components in a study context
might inhibit to obtain better understanding of teachers’ knowledge and behaviors
(Magnusson et al., 1999). Some studies aimed to investigate the teachers PCK with
only two or three components; namely, they did not utilize all components in a study.
Besides, in the light of the literature, some studies mentioned above included study
context in which pre-service teachers were engaged. As we know that pre-service
teachers do not present a strong knowledge and behaviors as well as experienced
teachers (Magnusson et al., 1999; Shulman, 1987). In this study, participant teacher
had three years teaching experience, namely, the teacher was neither a pre-service
teacher nor an expert teacher. She was only in her induction period of professional
development. Induction period is that transition process from student to expert
teacher. Stated differently, Induction period is defined as “the first three years of
teaching” (Paese, 1990, p.159) and it is the first professional development of teachers
(Urzua, 1999). In this respect, the participant teacher has gradually given up her
beliefs arising from pre-service teaching experiences, and she has faced real teaching
context. She has also experienced the large number pedagogical difficulties while
teaching particular science topics, and each of pedagogical difficulties provided with
valuable knowledge and behaviors. Moreover, the more pedagogical difficulties a
begging teacher faced in teaching practices, the more likely strong PCK appeared. As
a conclusion, engaging in-service teacher who was in induction experiences and
analyzing all PCK components in the current study increased the significance of the
study, and it was hoped that the study context provided valuable information about
the teacher knowledge and practices.

The investigating interaction PCK components increased the contribution of
the study to science teacher education because science teacher scholars agree that
PCK studies need to consider the relationships among PCK components (Abell,

2008; Magnusson et al., 1999). Moreover, there are few studies investigating the
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interactions in order to better understanding the teachers’ practical knowledge
(Friedrichsen et al., 2011). However, some of the studies have emphasized the need
for more interaction studies (e.g., Abel, 2007; Cochran, King, & DeRuiter, 1991,
Fernandez-Balboa & Stiehl, 1995; Magnusson et al., 1999) as well as conducting
evidence based research (Park & Chen, 2012) to obtain better understanding of
teachers PCK. To date, some studies have investigated the relationships among
knowledge bases such as SMK, PK, and PCK (e.g., Fernandez-Balboa & Stiehl,
1995; Friedrichesen, Abell, Pareja, Brown, Lankford, & Volkmann, 2009; Henze,
van Driel, & Verloop, 2008). Some other studies have provided with evidence based
results to portray the interactions among teachers’ PCK components (Akin, 2017;
Aydin & Boz, 2013; Aydin et al., 2015; Demirddgen, 2016; Ekiz Kiran, 2016;
Pandilla & van Driel, 2011; Park & Chen, 2012). On the other hand, in this respect,
chemistry teachers (pre-service or in-service) and chemistry topics were generally
utilized in above studies including the interactions of PCK components. However, to
the best of my knowledge, there is no study investigating the interactions of PCK
components in physics topics. As a conclusion, the second aim of the study was to
investigate the interaction of teacher’ PCK components both planning and practicing
process of the topics of work and energy, simple machines and friction force.
Therefore, if we considered missing paradigm as interaction of PCK component
field, the current study could be a piece of the puzzle to be needed completed.

The last significance of the study, but not the least, was to have gifted
students in classroom context. Given the importance of science teacher PCK, gifted
students’ teachers also need to be engaged in a professional development process so
as to handle the special needs of the gifted students arising from their characteristics
in classroom context. In the field of gifted students’ education, the large number of
scholars agree that gifted students’ education requires to be conducted much more
evidence based researches (Coleman, 2014; Gilbert & Newberry, 2007) especially
teacher education (Joffe, 2001; Park & Oliver, 2009).

In the gifted education, there are some studies about gifted students
educations, for example, enrichment curriculum or activities (Heath, 1997; Johnsen,

et al., 2002), achievement and socioemotional outcomes (Kim, 2016), teachers and
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students motivation toward science, teachers’ confidence to design and implement
for enrichment activities (Newman & Hubner, 2012), students’ achievement, science
process skills, and attitude toward science (Calikoglu & Kahveci, 2015), students’
analytical and critical abilities (Aljughaiman & Ayoub, 2012), and teachers’
knowledge and perceptions about gifted students (Bangel et al., 2010; Chan, 2001;
2011). In this respect, these studies are generally related to gifted students’
achievement, identification of gifted students, or teachers’ perceptions, however, the
empirical studies focusing on science education is not easy to find out (Gilbert &
Newberry, 2007; Winstanley, 2007). Traditional strategies do not support to gifted
students’ education so different type pedagogical studies are required for obtaining
empirical evidence. Furthermore, topic-specific studies provide more valuable
information about development of both teachers and students’ skills (Winstanley,
2007).

To sum up, weak and inadequate opportunities fail to notice gifted students,
and hinder to enhance their special abilities. Although some efforts or attempts are
offered for teachers to enhance knowledge of characteristics of gifted students, these
supports are not enough for science teacher applications. Therefore, teachers need to
increase pedagogical repertories to design and to apply related instructions (Gilbert
& Newberry, 2007). This present study might help to development of teachers’
pedagogical repertories by clarifying how a specific science topic is designed for
learning of gifted students, and what the reactions of gifted students are to
instructional strategies, and the teacher’s valuable pedagogical strategies to
overcome particular learning difficulties derived mainly from the complex and
abstract nature of physics concepts. In doing so, the best effective and successful
learning environment is tried to create for gifted students’ education. As a
conclusion, it is essential to recognize the gifted students’ needs and to deal with
them by using appropriate ways and different views (Croft, 2003).

Along this line, the present study provided in field of science teacher
education with understanding of the relationships among gifted students’

characteristics, and the teachers’ pedagogical decisions and practices. Moreover, this
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study helped to understand more sophisticated comprehension of how the gifted
students effect on the teacher’ PCK.
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CHAPTER 2

LITERATURE REVIEW

In this part of the study, literature review about PCK models, studies,
theoretical background of PCK, gifted education were presented in the five sub-titles;
(1) definition PCK and historical development of PCK models, (2) research on
science teachers’ topic specific PCK, (3) research on interaction of PCK components,
(4) gifted students’ education and their teachers, and (5) conceptualization of PCK
for this study.

2.1 Definition of PCK and Historical Development of PCK Models.

The investigations focusing on competencies of teacher had been changed
from content knowledge to general pedagogy. However, these two knowledge types
were not considered together in teacher education research, which was called missing
paradigm by Shulman (1986). Shulman and his colleagues in their study of
“knowledge growth in teaching” emphasized that content and general pedagogy
would not be investigated separately. Therefore, they suggested that content
knowledge was considered in three categories; subject matter content knowledge,
pedagogical content knowledge, and curricular knowledge. They also identified that
PCK is “the most useful forms of representation of those ideas, the most powerful
analogies, illustrations, examples, explanations, and demonstrations-in a word, the
ways of representing and formulating the subject that make it comprehensible to
others” (Shulman, 1986, p. 9). Another Shulman’s (1987) study investigated the
development teachers’ content knowledge and pedagogy. They determined
knowledge bases to create a framework in order to achieve meaningful learning. In
addition to Shulman’s (1986) study, according to Shulman (1987) there should be at

17



least knowledge bases as follows; “general pedagogical knowledge, knowledge of
learners and their characteristics, knowledge of educational contexts, knowledge of
educational ends, purposes, and values, and their philosophical and historical
grounds” (p.8). In this regard, Shulman (1987) identified PCK as “special amalgam
of content and pedagogy that is uniquely the province of teachers, their own special
form of professional” (p.8).

After Shulman’s works related to knowledge bases, PCK has been utilized
many scholars in their research and they have extended PCK. For example, Tamir
(1988) organized the knowledge bases of Shulman’s works in order to offer a more
useful and comprehensible framework for teacher education. Tamir payed attention
to SMK, general PK, and subject matter specific pedagogical knowledge which were
similar with Shulman’s ideas but each knowledge type divided into two sub-
categories as knowledge such as “specific common conceptions and misconceptions
in a given topic” and skills such as “how to diagnose a student conceptual difficulty
in a given topic” (Tamir, 1988, p.100). Moreover, general pedagogical knowledge
and subject matter specific pedagogical knowledge include four components such as
student, curriculum, instruction, and evaluation in the Tamir’s framework and
assessment part for each knowledge were underlined a necessary knowledge base for
teacher education.

Grossman (1990) is another scholar to enhance Shulman’s works. She
designated teachers’ competencies as SMK, general pedagogical knowledge, PCK,
and knowledge of context. She also emphasized the importance of contextual
knowledge arising from teachers’ background. In order to show the effect of
teachers’ background, she investigated six teachers (three of them had pedagogical
preparation and others did not have) and their teaching. She used a framework
including PCK and its four components such as knowledge of purposes for teaching
subject matter, knowledge of students’ understanding, KoC, and KoIS. In other
words, Grossman observed the six teachers’ teaching in terms of the framework in
order to investigate the effect of subject specific methods courses on the teachers’
professional developments. According to the results, the teachers in the context

including subject specific methods courses background demonstrated more active

18



teaching skills than others. Grossman argued the differences of professional
development and teachers’ goals and purposes based on the teachers’ preparation of
educational context. Moreover, Grossman (1990) attributed the component of
orientation as separated knowledge teachers need to know and she defined teaching
orientation as “conceptions of purposes for teaching subject matter” (p. 5). However,
her framework did not contain knowledge of assessment.

Marks (1990) remodified and revised the model of PCK based on the
mathematics knowledge constructions by investigating PCK of fifth grade
mathematic teachers. In this study, eight mathematics teachers were interviewed in
terms of PCK as a central idea while they were teaching, determining, and handling
students’ difficulties. Marks portrayed PCK in four major areas: “subject matter for
instructional purposes, students’ understanding of the subject matter, and media for
instruction in the subject matter (i.e., texts and materials), and instructional processes
for the subject matter” (p.3). Figure 2.1 shows the detail information about
description of PCK in mathematics. In this model, media is a knowledge used in
instructional processes and being required for instruction. In other words, unlike
other PCK models (Grossman, 1990; Shulman, 1987), new knowledge type “media”
was integrated into a PCK model. Moreover, Marks mentioned knowledge of
curriculum and assessment and placed them under the component of instructional
process. In this respect, PCK sources were identified and three possible sources
formed the PCK. The first PCK source was SMK, and its general definition was
explained in that source as transforming content knowledge through useful
representations. The second PCK source was related to general pedagogical
knowledge. A teacher should adjust general pedagogical knowledge to specific
context where teaching occurs. The last source was transformation and representation
abilities arising from SMK or general pedagogical knowledge. It also refers to
formulation of teaching activities, selection of instructional strategies, consideration
students’ learning difficulties. Author briefly stated that PCK was arisen from a
synthesizing of the three knowledge sources rather than transforming only SMK and
general pedagogical knowledge.
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Figure 2.1. Marks’ PCK models

Other researchers who worked with Shulman’ PCK framework were Veal and

MakKinster (1999). They critiqued that previous researchers used PCK as an analytic

framework but they did not classify knowledge based as taxonomies. Therefore, they

aimed to illustrate PCK components or attributes’ hierarchical relationships in the

sample of secondary science teachers. They categorized pedagogy into three major

groups such as general PCK, domain-specific PCK, and topic specific PCK. General

PCK refers to having knowledge about pedagogical concepts, strategies, and
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applications which are used by all teachers related to particular disciplines such as
science, mathematics, or history. For examples, general PCK strategies might include
“planning, teaching methods, evaluation, group work, questioning, wait time,
feedback, individual instruction, lecture, demonstration, and reinforcement” (Veal &
MaKinster, 1999, p.7). The second level PCK in the taxonomy is domain-specific
PCK. It implies one specific domain among different disciplines or subject matters.
For example, science discipline includes particular specific domains; physics,
chemistry, or biology. Each domain has specific pedagogical applications or skills
that require being performed by effective teachers. For examples, pedagogical
applications in the chemistry laboratory differ from other domain laboratories and
need to have different PCK competencies. The third level in the taxonomy is topic
specific PCK. It is the most distinct PCK than other levels. Specific topics in a
particular domain or subject require having special abilities or applications (e.g.,
force and motion, work and energy in the physics subject, and cell, photosynthesis,
human anatomy in the biology subjects). In order to obtain effective learning in
related topics, instructional strategies, methods, assessments, and students’
knowledge have different nature. Thus, topic-specific PCK researches have been as a
missing paradigm (Abell, 2008), and broadly used in the science teacher education.

Development of PCK model was continued with the definition of Magnusson
et al. (1999). Similar to Grossman’s (1990) definition, they considered PCK as a
transferring of knowledge (SMK, PK, contextual) to new type of knowledge and they
integrated beliefs in knowledge bases. By adding beliefs into model, they argued that
teachers’ pre-knowledge and beliefs serve as filters while planning and teaching any
specific topics. PCK was defined as follows (Magnusson et al., 1999);

Pedagogical content knowledge is a teacher understanding of how to help

students understand specific subject matter. It includes knowledge of how

particular subject matter topics, problems, and issues can be organized,

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

then presented for instruction (p. 96).

Their understanding of science teacher’s knowledge model includes four
main knowledge bases such as SMK and beliefs, PK and beliefs, PCK and beliefs,

and knowledge and beliefs about context that are shown in Figure 2.2. PCK affects
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and is affected by the other knowledge domains because it is composed of
transformation of other knowledge. In this respect, SMK provides teachers with a
strong resource to teaching a particular topic but SMK is not solely adequate to
develop PCK. Other knowledge domains are also enhanced as much as SMK. For
example, school context including disabilities students or gifted students requires
knowledge of specific educational aims, instructional principles, or classroom
management differing from regular school context. It is expected that effective
teachers reflect the knowledge bases effectively on their teaching.

Magnusson and her colleagues also explained the PCK with five components
as shown in Figure 2.3. Orientations toward teaching science component (STO was
used as an abbreviation of science teaching orientation for this component in the
current study) refers that teachers have knowledge and beliefs about goals and
purposes at a particular grade level. Moreover, orientation is conceptualized as a
general view of teaching science. In other words, this component is defined as a
general teacher's view of teaching and knowledge of teacher's purposes and goals
toward in planning, teaching, and evaluating of a specific science topic (Magnusson
et al., 1999). This component was emerged from Grossman’s (1990) definition of
knowledge of purposes for teaching subject matter. Magnusson and her colleagues
refined Grossman’s conception to orientations toward teaching science. In this
respect, STO includes objectives, decision-making process, instructional strategies,
and assessment materials or curriculum materials while teaching and planning a
particular science topic. Furthermore, Magnusson and her colleagues organized STO
by taking the teaching process into consideration as shown in Table 2.1. Each
teaching process or scenario such as academic rigor, didactic, or inquiry reflects
STO’s main role during planning and teaching process of a specific science topic.

Knowledge of science curriculum (KoC) component separates the pedagogue
from the content specialist so this knowledge is utilized as a component of PCK. This
component also contains two knowledge bases; mandated goals and objectives, and
specific curricular programs and materials. First knowledge base is comprised of
teacher knowledge of goals and objectives for learners in a subject (physics,

chemistry, or biology) which needs to be learned by students during one school year
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period. This component also includes vertical curriculum knowledge meaning which

concepts were learned by students in previous years and will be learned in the next

years.
. Instructional
Syntactic S PT—
Substantive Knowledge P Leaming
Knowledge and Beliefs .
and Beliefs Classroom Educations]
\ / Management Aims
Subject Matter Pedagogical
Knowledge Knowledge
and Beliefs and Beliefs
influences influences
PEDAGOGICAL

CONTENT
KNOWLEDGE
and BELIEFS

Knowledge
and Bellefs
about Context

Community

Students School

Figure 2.2. The Relationships among Knowledge Domains of Magnusson
et al. (1999, p.98).
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Table 2.1.The Goals of Different Orientations to Teaching Science

Orientations

Goal of teaching science

Process

Academic rigor

Didactic

Conceptual change

Activity-driven

Discovery

Project-based
science

Inquiry

Guided inquiry

Provide students to enhance their science process skill
abilities

Introduction of a particular body of knowledge
Students are engaged in difficult problems and activities.

Transfer the facts of science
Information is introduced by utilizing lecture or discussion.

Simplify the construction of scientific knowledge through
contradicting students with cases to clarify that challenge
their alternative conceptions.

Engage students in hands-on activities in order to verify or
discover scientific knowledge

Create an environment for learners to explore science
concepts on their own interests

Engage students in investigation process to solve authentic
problems

Engage students in inquiry process to define problems, to
investigate them, to reach conclusions, and assess the
validity of knowledge

Organize a group of students whose participants share
responsibility to wunderstand the nature of scientific
knowledge, specifically using the tools of science.

On the other hand, second knowledge base of specific curriculum program

refers knowing materials and programs for teaching a subject. Over half a century,

science curricula have been developed or subjected to modifications. Therefore,

science teachers are expected to know the development or changes.

Knowledge of students’ understanding of science component (KoL was used

as an abbreviation of knowledge of learner for this component in the current study) is

about learners to help students develop scientific knowledge and includes two

sections such as knowledge of requirements for learning and knowledge of areas of

student difficulty.
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The first knowledge base of requirements for learning refers to teacher
knowledge about knowledge and abilities that students would need for learning.
Students might have different development level, learning styles, or abilities and
teachers should know these requirements in order to teach particular topics in easier
and more comprehensible way. In other words, knowledge of requirements for
learning means to realize all these differences. Moreover, effective science teachers
should know students’ learning needs and meet these needs though facilitating
appropriate methods.

The second knowledge type is the knowledge of areas of student difficulty.
This knowledge includes science concepts challenging the students and leading
learning difficulties, or alternative conceptions. Abstract concepts, problem solving
ability, misconceptions, prior knowledge, and all these factors might affect both
teachers’ teaching and students’ learning. Therefore, teachers should be aware of
these learning difficulties and common mistakes about science concepts. Finally,
knowledge of areas of students’ difficulty helps teachers correctly interpret their
students’ actions and ideas.

Knowledge of assessment in science component (KoA) was first offered by
Tamir (1988) and Magnusson and her colleagues utilized as a PCK component. This
component is composed of knowledge of dimensions of science learning to assess
and knowledge of methods of assessment. The first one is related to knowledge about
assessment process for a science topic. Magnusson et al. (1999) indicated scientific
literacy for assessment in their PCK model. Scientific literacy includes some
dimensions such as conceptual understanding, nature of science, scientific
investigation and assessing and evaluating for each dimension which requires having
specific knowledge and abilities. Thus, effective teachers should know which
dimension of scientific literacy to assess and which properties of those dimensions to
assess on teaching a science topic. On the other hand, second one is the knowledge of
assessment methods. This knowledge is related to teacher knowledge about
assessment ways to evaluate learning that occurs in students while teaching a specific
topic. There are many ways of evaluation and its methods such as written test,

journal entries, laboratory reports, multiple choice tests but it is not appropriate to
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apply the same evaluation method for all cases. Each method is applied to reach a
specific goal and it has advantages and disadvantages in terms of science topics and
scientific literacy dimensions.

Knowledge of instructional strategies (KolS) is the last component and
consists of two parts. First one is knowledge of subject-specific strategies related to
general approaches for science teaching. Teachers’ general teaching views
mentioned in STO component include learning cycles, discovery, conceptual change,
or inquiry strategies which are used to reach specific goals and purposes. Teachers
with this knowledge require knowing application skills of subject specific strategies
and their steps. The second type of knowledge in this component is knowledge of
topic-specific strategies. It is teacher knowledge to provide students’ understanding
about specific topics. In order to reach goals and purposes, teachers can use
representations such as illustrations, examples, or models and activities such as
problems, demonstrations, simulations, investigations, or experiments. However,
each representation or activity has own teaching nature. For this reason, any activity
or representation cannot be applied to teaching of all science concepts. Effective
teachers are knowledgeable about selection and representation of the activity when
they design and implement science teaching.

As a summary, while science teaching, each PCK component appears to be a
different type of subject specific pedagogical knowledge. In other words, knowledge
of components varies from subject to subject. Effective teacher should know all
features of PCK and its components in terms of all topics. Moreover, all components
act as a whole. Inconsistences among components lead to specific problems on
enactment and development of PCK. On the other hand, development of the one or
two components is not enough for the development of teacher PCK as a whole
because the interactions of components are complex in nature. Therefore, according
to Magnusson et al. (1999) it is necessary to give more attention to investigate how
PCK component interplay and how the interactions affect science teaching.

When reviewing the previous studies until Magnusson et al.’s PCK model,
Shulman (1987) clarified the knowledge bases and introduced first PCK. Then,

following researchers focused on the knowledge bases and developed Shulman’s
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point of view. Grossman (1990) studied with Shulman’s model of knowledge bases
and she separated pedagogical knowledge from PCK. She also defined PCK
components as Magnusson et al. (1999) did but her PCK model focused on general
teacher education, namely, it was not subject matter specific. In other words, PCK
models (Grossman, 1990; Shulman, 1987) did not include science teacher specific
knowledge bases. For that reason, Magnusson et al.’s PCK model and its components
provide science teacher education with a comprehensive view of PCK and it is
employed as a useful heuristic tool than the previous conceptualizations (Abell,
2007).

Subject Matter Pedagogical
Knowledge Knowledge

4 J

* Pedagogical Content *

Pedagogical
Knowledge

Knowledge
Contextual ﬂ
Knowledge Contextual

Knowledge

* knowledge needed for classroom teaching (Gess-Newsome, 1999, p. 12)

Figure 2.4. Integrative and Transformative Models of PCK

In a different way, Gess-Newsome (1999) defined teachers’ knowledge bases
and grouped PCK models in two main categories; integrative model and
transformative model. Integrative model does not include PCK as knowledge bases
as shown on the left side in Figure 2.4 but PCK is generated by combination of
SMK, pedagogical knowledge, and contextual knowledge. In other words, teaching
appears as the intersection of three knowledge bases like mixture of substances. On
the other hand, in the transformative model as seen on the right side in Figure 2.4,
PCK is a knowledge bases and it is formed by synthesizing inextricably other three

knowledge bases. Teaching any topic is affected by only PCK and other three
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knowledge bases might be discovered by complex analysis. In other words, when
involving teaching practice, teachers process SMK, pedagogy, and contextual
knowledge which become in transformation process as latent resources. Therefore,
PCK is only utilized by teachers to teach particular concepts in the classroom
practices.

Another PCK model was offered by Park and Oliver (2008) in order to
conceptualize to PCK using insight of empirical evidence and to follow the
development of teachers” PCK. They designed a pentagonal PCK model derived
from the definition of components of Magnusson et al.’s (1999) PCK model. This
pentagonal model provides a heuristic and organizational tool so as to collect and
interpret the data. They used multiple case studies including three chemistry teachers,
and they collected the data through interviews, observations, teachers’ lesson plans
and written reflections, and other works including field notes, and students’
performance. Moreover, they focused on three chemistry subject matter units in their
study. According to the results of study, there were two factors enhancing the
developments of PCK. The first one was the knowledge-in-action; it means that the
teachers gain some experiences, knowledge, or pedagogy, which arises from during
the teaching practices. In other words, the pedagogy is experienced by the teachers
revealed through reflection of the teachers in practices where the teachers generate a
solution or handle unexpected situations. The second factor was the knowledge-on-
action; on the other hand, it means that the teachers gain some experiences, in which
some modifications are carried out by the teachers related to topics such as adding
new topics or materials or moving ineffective activities after teaching targeted topics
or concepts. As a result, the two knowledge bases enhanced the development of
teachers’ PCK.

Another point about the result of this study was that the authors discovered
the effect of the teachers’ self-efficacy on their research. It appeared that teacher
efficacy was related to teaching methods. When the teachers believed that they had
enough knowledge and experiences, they would apply the knowledge and ability in
their actual classroom effectively. Therefore, Park and Oliver added teachers’

efficacy with context specific and domain specific sub-components to their PCK
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model. Moreover, students’ influences were recognized on their results in order to
organize, develop, and validate the teachers’ PCK. The students had an effect on the
development of teachers PCK by asking difficult and challenging questions or
students’ creative ideas, by which the teachers engaged in such experience during
reflection-on-action process. Another point is that the sub-component of
understanding of students’ misconceptions played a critical role to shape the teacher
PCK while planning, teaching, and assessing related topics. In other words, the
teachers believed that misconceptions act as a barrier in their further applications.
Thus, they first focused on determining and handling possible students’
misconceptions. Finally, Park and Oliver (2008) stated that the teachers’ PCK was
idiosyncratic. Although each teacher presented a general knowledge and behaviors,
they had different characteristics of PCK. The characteristics have been shaped by
factors such as the teacher STO, characteristics of students, teaching experiences,
and personal characteristics.

According to the results of the study, Park and Oliver developed hexagonal
PCK model illustrated in Figure 2.5 under the light of empirical data mentioned
above. PCK was placed at the center of the model, and it was developed by the
teachers’ experiences arising from reflection-in-action and reflection-on-action. This
model has six components (adding teacher self-efficacy as a component in the model
which is different from Magnusson et al.’s (1999) PCK model) and sub-components
(adding learner motivations and interest, which is different from Magnusson et al.’s
(1999) PCK model). Moreover, the six components engage in an interactive relation
through the development of PCK. In other words, all components should be
integrated in the development PCK but enhancing only one component is not enough
for the development of the teachers’ PCK.

After Shulman’s definition of PCK based on cognitive theory, many
researchers used, modified, or regenerated definition, research methods, and model
of PCK. Therefore, too many ideas have been yielded and critical differences have
occurred on PCK literature. In order to clarify these ambiguities, 22 science
educators who are active PCK researchers reexamined the conceptualization of PCK.

The researchers investigated the definition of the nature of PCK, models, and its
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relationships with other knowledge bases. Gess-Newsome (2015) explained this
reexamination of the constructing of PCK in detail. The researchers worked in small
groups and reconsidered their PCK models in terms of the relationship between PCK
and other knowledge bases, and assumptions of their models. After all, research
teams focused on the development of a single model, and they agreed on the model

of “teacher professional knowledge and skills” (TPK&S) as illustrated in Figure 2.6.
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Figure 2.5. Hexagon Model of PCK (Park & Oliver, 2008, p.279)

The research teams particularly struggled to handle the weakness of PCK
explained by Shulman (2012); missing parts of PCK (1) emotional and affective
aspects of teacher thinking, (2) much more attention on teacher’s decision making
process than teacher’s real classroom teaching, (3) ignoring of context, (4) ignoring a
teacher’s vision and goals, and (5) students’ outcomes. Therefore, as overcoming of

the weaknesses, the TPK&S model becomes quite different from Magnusson et al.’s
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(1999) PCK model. The researchers agreed that the model of TPK&S has an
explanatory feature to guide future researches. It offers a more robust investigation
about teacher knowledge and behaviors in a predictive way (Gess-Newsome, 2015).

When looking at the model in Figure 2.6 in detail, teacher professional
knowledge bases (TPKB) are seen at the top of the model. Similar to the definition of
Shulman, TPKB involves knowledge bases such as assessment knowledge,
pedagogical knowledge, content knowledge, students’ knowledge, and curricular
knowledge. Moreover, TPKB is not content specific, and it provides to measure
teacher competencies in terms of knowledge bases. “Teachers are seen as the
consumers of this knowledge as translated for use in teacher education programs or
professional development” (Gess-Newsome, 2015, p.32). According to Figure 2.6,
TPKB involves mutual interaction with topic-specific professional knowledge
(TSPK), namely, TPKB affects and is affected by the knowledge.

TSPK is an extension of TPKB and it arises from TPKB in classroom
context. It can also be affected by the development of TPKB, in other words, when
teacher competencies on any knowledge bases (such as assessment or students)
increases, the development of TSPK can be seen. Moreover, TSPK has topic-specific
nature and it is affected by the development of characteristics of students’
knowledge. It includes “knowledge of instructional strategies, content presentations,
students understanding science practices, and habits of mind” (Gess-Newsome, 2015,
p.31). In other words, it involves knowledge and skills by which teacher uses during
teaching a topic. For example, when considering a particular topic, using questioning
technique to determine students’ prior knowledge, using simulations to make better
understanding, using written format measurement to determine students’
misconceptions, etc., regarding above examples, TSPK can be liken to with PCK but
an important difference appears. TSPK is static and visible, namely, it is clearly
revealed by experts facilitating through coding. “TSPK is canonical, generated by
research or best practice, and can have a normative function in terms of what we
want teachers to know about topic and context-specific instruction” (Gess-Newsome,
2015, p.33). Moreover, TSPK can be seen to portray through Content Presentation

(Loughran et al., 2006) in which there are many questions related to big ideas
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selected by participant teachers. These standard questions help reveals TSPK and the

teachers recognize their TSPK.
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Figure 2.6. Model of Teacher Professional Knowledge and Skill
Including PCK and Influences on Classroom Practice and Student
Outcomes (Gess-Newsome, 2015, p.31)

Until now, TPKB and TSPK are related to nature of teacher profession and
they are gained by educational activities and opportunities. However, teacher
amplifiers and filters, which is another knowledge base in the model, are considered
as teachers personalize knowledge due to the fact that teachers can design their
lessons or applications based on their beliefs, orientation to teaching and learning, or
school context. Amplifiers and filters have an effect on teacher teaching, in other
words, teachers’ beliefs, orientations, prior experiences act as amplifier or filter

during teachers’ decision making process and teaching practices. Furthermore,
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amplifiers and filters help to engage the translation of TSPK in teaching process.
Contrary to Magnusson et al.’s (1999) PCK model, the component of teacher’s
orientation and beliefs was removed from PCK, and it was added to amplifiers and
filters part of this model. It is believed that the removal of orientation is more
accordant with PCK studies, and it allows to better understanding to construct PCK
in this model (Gess-Newsome, 2015).

Another part of this model is classroom practices. The researchers focused on
this part as a separated title because classroom context has a dynamic structure, in
which unexpected situation occurs or the instruction might be completed as planned.
Therefore, PCK was located in the classroom practice, and PCK and skill (PCK&S)

was defined as follows;

Personal PCK is the knowledge of, reasoning behind, and planning for
teaching a particular topic in a particular way for a particular purpose to
particular students for enhanced student outcomes (Reflection on Action,
Explicit).

Personal PCK&S is the act of teaching a particular topic in a particular way
for a particular purpose to particular students for enhanced student outcomes
(Reflection in Action, Tacit or Explicit) (Gess-Newsome, 2015, p.36).

Some key points about PCK arise from this definition. First, PCK is a
personal knowledge (not public knowledge) and context specific including specific
topics, purposes, students, etc. PCK has also a specific experience and it is not
generalized. The second point is that PCK and its investigation are separated into two
parts; reflection-on-action and reflection-in-action. First one is related to the
instructional plans whereas other becomes appear in the act of teaching a specific
topic. The third point is that conception of PCK involves skills. Teaching any science
concepts requires some skills to present a specific instructional strategies or
activities. However, all teachers do not have that skill in a similar level. Thus,
integration of skill to PCK model is very important for researchers.

Another knowledge base is student amplifiers and filters in this model. Due to
the fact that students shape the teaching and learning in actively, their success or
failure influences the teachers’ PCK. In this respect, it is focused on external and
internal factors to increase or decrease students’ achievement during classroom

context. External factors are socio-economic status, parental involvement, native
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language, etc. whereas internal factors are motivation, self-efficacy, self-regulation,
intelligence, learning style or approaches, and all the wide range of factors should be
investigated as amplifiers and filters.

Students outcomes is another issue discussed in the model because the effects
of students’ outcomes are felt during all the stages of the model. Students’ products
and performances are powerful reflection opportunities for the development of
teacher knowledge. Teachers can shape their amplifiers and filters by considering
feedback according to students’ outcomes. Moreover, students’ outcomes have the
potential for students to modify their amplifiers and filters.

To sum up, Gess-Newsome and her colleagues developed this model “Model
of teacher professional knowledge and skills including PCK” as a conceptual tool in
order to enlighten future researches. Previous PCK models and definitions have
missing parts, many concerns or unclear characteristics. Thus, the research teams
focused to handle on those strength and weakness of the previous PCK models and
they have agreed on this model.

In conclusion on historical development of PCK models, from introduction of
PCK first by Shulman (1986), educational researchers have been interested in how
teachers transform their knowledge bases on teaching practices. Early scholars
investigated PCK studies about what might construct teachers’ knowledge.
Therefore, they used different conceptualization, and they offered different PCK
models including different components and sub-components. Early models generally
involve SMK, PK, knowledge of context, and PCK. One of them is Magnusson et
al.’s (1999) PCK model which has been the most cited (Gess-Newsome, 2015). The
model considers PCK as transforming other knowledge bases on a new type of
knowledge. Although there are many differences on conceptualization of PCK
literature, nowadays, educational scholars have agreed on a general model which is

called “teacher professional knowledge and skills” (Gess-Newsome, 2015).
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2.2 Research on Science Teachers’ PCK

In this part, PCK studies were particularly explained in terms of some
features; in-service science teachers (as much as possible physics), PCK components,
PCK development, and physics topics. This part was restricted above feature because
there are abundant PCK studies in science teacher PCK literature, and it is difficult to
consider all of them in this part.

The first study in this part is related to STO. Friedrichsen and Dana (2003)
focused on eliciting and clarifying both pre-service and in-service science teacher’
STO. The participants of the study involved biology teachers and multiple data
collection tools were used to investigate teachers’ STO such as interviews,
observations, and teaching artifacts. The researchers also developed card-sorting task
and they applied the card-sorting task with interview. In other words, they enriched
their data by using interview in which process the participant teachers reflected their
opinion about each scenario because using only card-sorting activities revealed the
limited information about STO. After completing the scenarios, the researchers
argued that the card-sorting task is a useful tool in order to portray teachers’
orientations and beliefs. Moreover, the results of study showed that STO has
complex in nature and they were not easily categorized in any scenario. The
scenarios were grouped by the teachers in different way. The pre-service teachers
were likely to ask extra questions to better understand whereas the in-service
teachers tried to infer contextual evidences to reflect their opinion about scenarios.
Finally, contrary to Magnusson et al.’s (1999) nine STO scenarios, they found that
the teachers had multiple STO and they did not classify the teachers in a specific
scenario.

In 2005, Friedrichsen and Dana extended their previous study to construct a
substantive-level theory of the teachers’ STO because they believed that Magnusson
et al.’s nine scenarios have weak empirical evidence. In this respect, they reexamined
the teachers STO in detailed and they worked with four biology teachers in a high
school context. They constructed a set of 20 scenarios including high school goals

and purposes, objectives, materials, instructional and assessment strategies.
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Regarding the results of study, they stated four assertions about the nature of STO.
First assertion was that STO has complex in nature, which can be explained by
central and peripheral goals and purposes. Central goals and purposes can be seen in
the teachers’ decision making process whereas peripheral goals and purposes
represent the complexity of the participant STO. All teachers reflected STO as the
peripheral goals and purposes. STO was also course specific. The second assertion
was that the participants’ STO had affective domain goals including emotional and
motivational factors, general schooling goals including preparation of university or
gaining daily life skills, and subject matter goals. The third assertion was that
teachers’ STO was affected by external factors arising from the out of school
activities. In their study, three participant teachers had engaged in nonteaching works
and those experiences shaped their STO. On the other hand, the participant teachers
did not engage in any educational conferences, activities or collaboration, which
enhance professional development. The last assertion was related to school context
which had a major effect and shaped the teachers’ STO. All these contextual factors
such as students and their feedback about the instructions, teachers’ beliefs, and time
concern about the application of students-centered activities shaped the participants’
STO.

After Friedrichsen and Dana’s (2003; 2005) works on STO using empirical
evidence, Friedrichsen, van Driel, and Abell (2011) had a closer look at STO again in
order to clarify the definition of STO and provide the science educators with
construct of STO. In the literature there are two definitions of STO. First one was
offered by Anderson and Smith (1987) and they defined it as “general patterns of
thought and behavior related to science teaching and learning” (p. 99). The second
definition was offered by Magnusson et al. (1999) as “knowledge and beliefs about
the purposes and goals for teaching science at a particular grade level” (p. 97). In this
respect, some researches included misapplying of definition of STO or some
researchers interpreted STO inappropriate way. For example, Anderson and Smith’s
definition was considered as a model or framework in a particular study; however,
the researchers used Magnusson et al.’s (1999) definition to interpret the data results.

Friedrichsen et al. (2011) investigated 63 papers aiming to portray STO and citing
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Magnusson et al.’s (1999) definition. According to the results of 63 papers, STO was
used various ways or uncertain way. There was also no empirical evidence between
STO and other components. Moreover, STO was considered as one of the nine
orientations. The studies conducted by Friedrichsen and Dana (2003; 2005) showed
that teachers” STO was not categorized in one scenario, and the teachers can have
and present different characteristics from each scenario. According to the
Friedrichsen et al.’s (2011) results, they offered a consensus about STO including
three characteristics; “beliefs about the goals or purposes of science teaching, the
nature of science, and science teaching and learning” (p.373). As a result, STO
studies should include the three dimensions and nine categories should be
reconsidered.

In order to check the validity of Friedrichsen et al.’s (2011) framework,
Boesdorfer and Lorsbach (2014) conducted a study to discover that the framework
can be used as a useful tool in STO research. The research involved a case study
including a chemistry teacher who has 11 years teaching experiences. The study
context had teaching practice reform based on performance and inquiry. Semi-
structured interviews, classroom observations, and teaching documents were
employed to collect the data of study. According to the results of this study,
participant teacher’s goals and purposes for science teaching was to enhance the
students’ problem solving ability by using materials, knowledge. The teacher used
summative assessment technique. On the other hand, the participant teacher had a
facilitator role when analyzing knowledge about science teaching and learning.
When looking at the participant real teaching practices, she applied guided-inquiry
activities. The students engaged in solving a problem by using science process skKills.
To sum up, the teachers’ decision making process and teaching practices were
aligned with her STO. She also had constructivist teaching and learning views,
namely, the students should be built new knowledge on the previous knowledge.
Lecturing was never used by the teacher but some class discussion was conducted, in
which the students were engaged in actively. She did not use any NOS goals and
purposes in her planning and teaching activities. The researchers stated that

Friedrichsen 2011 framework was more appropriate for conducting STO studies.
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However, similar to Magnusson et al.’s (1999) view, the participant teacher’s STO
affected the other components. The participant teacher reflected a STO which is
desired classroom context including students-centered applications, performance
assessment, and community centered. However, she did not provide her students
with high-order thinking works. The students could only reach knowledge,
comprehension and application level in the Bloom’s Taxonomy.

Another study was conducted by Ramnarain and Schuster (2014) to portray
the differences physical sciences teachers’ STO between the teachers in township
and in suburban. This study differed from previous studies in terms of both
methodological and theoretical frameworks. Four central orientations; didactic direct,
active direct, guided inquiry, and open inquiry were used as framework arising from
Ausubel’s Theoretical Framework. The authors used mix methods technique. In
quantitative phase, “the pedagogy of science teaching test (POSTT (Cobern et al.,
2010; Schuster et al., 2007, as cited in Ramnarain & Schuster, 2014))” was used and
included ten pedagogical vignettes. The participants were 44 from township and 47
from suburban 12" grade high school teachers. In qualitative phase of the study
included interviews conducted with five townships and five suburban school
teachers. According to the results of POSTT instrument including an orientation
range, such as didactic is 1 point, active direct is 2 points, guided inquiry is 3, and
open inquiry is 4, there was a significant difference between township school
teachers’ orientation (M=2.1, SD=0.77, which represents active direct) and suburban
teachers’ orientation (M=3.1, SD=0.67 which represents guided inquiry). Moreover,
the qualitative evidence explained the difference between township school teachers’
orientation and suburban teachers’ orientation. School context was a major factor for
the pedagogical preference of teachers such as class size, accessibility of resources
and materials, culture of the schools, parents’ involvement. Characteristics of the
township schools such as large class sizes and inadequate materials and resources
hinder the application of inquiry activities whereas suburban school context had
more opportunity than township schools. Finally, township schools showed poor
performance on national exams so the parental involvement affect the teacher STO,
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and the teachers presented teachers centered activities in order to increase the
performance in national science exam.

Another STO study was recently conducted by Campbell, Melville, and
Goodwin (2017) to explore if the resource activation model of cognition explains the
teacher’s STO and topic-specific PCK. The authors adopted STO model offered by
Friedrichsen et al. (2011) as well as theoretical framework named “resource
activation model of cognition” (Hammer, Elby, Scherr, & Redish, 2005, as cited in
Campbell et al., 2017) because they believed that previous models have not been
enough to clarify teachers’ STO and their classroom applications. The data collection
tools were comprised of three interviews, and class observations of two topics. The
participant teacher worked with the ninth grade high school while teaching earth
science topics. The results of the current study showed that STO might derive from
topics-specific and different activation of resources. The participant teacher reflected
standards-based reform orientation but the degree of reform level could be changed
from the topic to topic. For example, the oceanography topic had more traditional
characteristic than the teaching of the pollution topics in which the teacher reflected
reformed based teaching orientation. The teacher reflected standards-based reform
teacher orientation profile and there was a relationship between teacher’s interview
data and his real teaching practices. Reformed based beliefs were considered by the
teacher in order to enhance students’ meaningful learning. Thus, students should be
engaged in activities where they were able to construct their own knowledge claims.
Moreover, in the topic of pollution, the teacher engaged the students in discussion
environment about pollutions. Then, students were allowed in a process where they
selected correct and appropriate filtration systems and they designed their filtration
system. In this teaching example, the teacher reflected a consistency between her
beliefs and teaching practices. However, teaching sub-topics of oceanography, there
was a mismatch between the teacher beliefs and his teaching. The teacher used
generally didactic teaching during the topics and the teaching was not aligned with
the reform based STO. According to the framework of the study “resource activation

model of cognition”, it can be explained that different epistemic resources were used
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by the teacher while teaching of different topics, which led to inconsistencies
between the teacher beliefs and his applications in cognitive states.

After looking the place of STO in PCK, KoA is another component
investigated to find out the relationships between KoA and PCK. A study was
conducted by Falk (2012) so as to examine the effect of formative assessment on
teachers’ PCK, and which components were used and built while teachers perform
assessment practices. In the study, the combination of two conceptualizing
frameworks was used a model offered by Herman, Osmundson, Ayala, Schneider,
and Timms, (2006) for conceptualizing of assessment, and Magnusson et al.’s (1999)
PCK model for conceptualizing of PCK. In order to conduct study, professional
development for formative assessment context was designed for eight weeks’ period
to enhance teachers’ knowledge and practice with electric circuits unit in fourth-
grade elementary level. The participant of the study involved 11 fourth grade
elementary teachers who had teaching experiences ranging from 3 to 26 years but
they did not have enough experience teaching of electric circuits. The multiple data
collection tools were used ranging from teachers works; video records of
professional development sessions, materials, posters to students’ works. According
to the results, two pedagogical events appeared; teachers used their PCK components
such as KoC, KolS, and KoL, and the components such as KoL, KoC, and KoA were
enhanced during formative assessment process. When looking at usage of PCK
components, teachers employed KoC including sub-components of knowledge of
learning goals and knowledge of local curriculum in formative assessment. KolS was
often utilized in formative assessment process. When teachers monitored the
students’ performance, instructional strategies such as activities and representations
were employed to design instruction based on students’ works, to make inferences
what was the effects of prior instructions on students’ works, and to judge to
determine how well instructional strategies compatible with specific assessment.
Moreover, KoL was used by the teachers to interpret common students’ errors and
students’ alternative conceptions. On the other hand, this study provided teachers
with development of PCK. Each assessment process was enhanced to build PCK

components; KoL was constructed by interpreting students’ responses, KoC was
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built by the teachers to express curriculum goals, and KoA was developed through
teachers’ evaluating and reviewing assessment tasks. To sum up, participant teachers
were engaged in professional development in formative assessment, and they used
actively PCK components of KoC, KolS, and KoL. However, there was no evidence
for usage of KoA and STO. The effects of two components did not appear in the
formative assessment process. On the other hand, while teachers engaged in
professional development, KoC, KoL, and KoA were newly constructed by the
teachers however, STO and KolS were not affected by the formative assessment.
Teachers teaching practices provide substantial and valuable evidence about
teachers PCK. In this respect, Chan and Yung (2015) investigated teachers PCK
development in classroom context in order to discover possible factors which support
PCK development. They used case study methodology in an exploratory nature and
had four science teachers having experience from 6 to 22 years. The study was
designed in the curriculum change context in which the participant teachers would
teach a new topic including from frontier science to polymerase chain reaction in
new senior secondary biology curriculum. In this context, the teachers were expected
to have minimal PCK and during teaching new topic, the participant teachers might
discover possible new instructional strategies or presentations. Therefore, the data
collection tools were comprised of interviews, classroom observations, field notes,
and teacher/students works. The authors used post interviews after class teaching as a
primary data collection tool because the aim of the study focused on the development
of teachers PCK in teaching process which was called on-site PCK development
(Chan & Yung, 2015). Authors used Magnusson et al.’s (1999) PCK model as
framework for analyzing the data and focused on only four components (KoL, KolS,
KoC, and KoA) in their study. According to the results of the study, on-site PCK
development was supported by three factors as trigger. First one was unexpected
students’ responses. This stimulus provided the teachers with modification related to
instructional strategies to response the students’ failure. The teachers first used KoL
to determine students’ prior knowledge about related topics, then they had to change
instructional strategies such as a new analogy “the replication of bacteria

(individually, cannot be seen by the naked eye to form bacteria colonies (which can
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then be seen by the naked eye)” (Chan & Yung, 2015, p.1256). In this stimulus, it
can be seen that KoL had an effect on KolS and helped the development of teachers’
PCK. The second factor was environmental stimulus for development on-site PCK.
An example of this stimulus was seen during teaching of polymerase. When the
teacher wrote the word “polymerase” on the blackboard, some students had learning
difficulties about the meaning of polymerase. Because the students had prior
knowledge about polymerase, they had known polymerase as polymer and monomer
which are translated to primers in the Chinese. Thus, there was a learning difficulties
arising from Chinese word so the teacher handled these difficulties by changing
instructional strategy. The last stimulus was related to unanticipated student
questions. While teaching topics, the teachers faced so many questions. Some of
them lead to pedagogical difficulties for the teachers, and teachers had to change
their instructional strategies. An example was seen while teaching of DNA loading
dye. One student asked a question “as the dye should have no charge, why can it
move?” (Chan & Yung, 2015, p. 1260). Then, the teacher realized that the student
had misconception “dye used in the analysis of PCR products should have no
charge” (p.1260) and so as to handle this misconception, the teacher changed
instructional strategies. To sum up, Chan and Yung (2015) focused on teachers’ real
teaching process in order to clarify PCK development. According to the data, they

offered a model about on-site PCK development as illustrated in Figure 2.7.
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Figure 2.7. The Model of On-Site PCK Development (Chan & Yung,
2015, p.1266)

According to the model, stimuli played an important role to start teachers

PCK development. In this process, teachers’ KoL worked an active role in order to
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realize students’ learning difficulties, misconceptions or lack of students’ prior
knowledge. After recognizing unexpected situation, teachers tried to determine what
the resources of learning difficulties were by using their SMK, PK, or KoL. Finally,
they overcome the learning difficulties by changing from previous instructional
strategies to a specific one. The modification of KolS meant on-site PCK
development, the interaction between KoL and KolS was also seen explicitly in this
study.

Until now in this part, previous studies investigated teachers’ PCK in terms of
one or two components. Contrary to previous studies, Loughran et al. (2004) tried to
explain teachers’ PCK in different way. They engaged in a longitudinal research
project in which PCK was considered in the theoretical view, and understood,
reported, and interpreted the knowledge of science teachers’ teachings in specific
purposes. According to authors, traditional techniques or methods are not enough to
understand the teachers PCK. For example, Shulman’s model including many
knowledge bases (SMK, PK, PCK) is not enough to define teachers real teaching
(Loughran et al., 2004). In this respect, they designed a project lasted two years and
50 high school teachers participated in. The teachers were asked to document their
“Pedagogical and Professional Experience Repertoires (PaP-eRs)” and then, to fill
out “Content Presentation (CoRe)”. The aim of this process was that teachers
engaged in a process where they talked about their decision making and teaching
process, namely, their topic-specific PCK. CoRe including two parts (as illustrated in
Appendix B), in vertical part, there were eight questions about big ideas selected by
teachers. On the horizontal part, teachers wrote big ideas which were concepts,
phrases, or sentences across the content area. Giving answer of eight questions
provided teachers with expressing of their presentations. On the other hand, PaP-eRs
tried to unpack effective classroom practice, in other words, it is “a window into a
teaching/learning situation wherein it is the content that shapes the pedagogy”
(Loughran et al., 2004, p.377). PaP-eRs offered teachers opinion about classroom
action so it was not enough to pose the complexity of PCK. With this in mind, the
authors linked teachers’ PaP-eRs and CoRe in order to better understand. To sum up,

two research tools were developed to uncover and analyze science teachers PCK.
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Bertram and Loughran (2012) conducted a study which derived from a
longitudinal project during two years. The researchers tried to investigate how CoRe
and PaP-eRs might influence on science teachers’ knowledge and practice, and how
the teachers might construct PCK as part of value. Authors designed the study based
on CoRe and PaP-eR framework, and they supported to their data with interview
based approach. In this respect, qualitative methodology was used in an ethnographic
nature. Six teachers were engaged in this study to analyze their PCK development.
Three teachers were working in middle school science from 7" to 10™ grade, one
teacher worked as a senior specialist teaching from 11" to 12" grade physics, other
two teachers were working at primary school. The teaching experiences of the
participants varied from three to 25 years (expect for one teacher had only six mouth
teaching experience). The participant teachers selected a topic (space, interactions of
light and matter, and genetics) in order to design their own CoRe. The results showed
that the participants did not have sophisticated knowledge to construct their PCK at
the beginning of the project. After, the introduction of PCK was offered all
participants, and then, CoRe and PaP-eR were taught. The belief was generated all
the teachers that CoRe was useful tool to prepare lesson planning and to reflect this
plan in practice, and CoRe questions also provided the teachers with deeper thinking
big ideas and students background. Similar to contributing of CoRe, the participants
reflected positive views about PaP-eR which was a reflection tool after teaching, and
shaped their teaching. To sum up, CoRe and PaP-eR increased the participants’
awareness about their own PCK and students’ characteristics. However, the teachers
believed that designing CoRe and PaP-eR require having free times and they
wondered that applying them over curriculum was not applicable. PaP-eR provided
the teachers to better understand their PCK in three ways; “professional practice,
limiting factors, and their relationships with PCK” (Bertram & Loughran, 2012,
p.1038). The development of professional practice included rethinking teaching
practices, thinking explicitly teaching and learning, considering important things for
students learning. As a result, the teachers assessed their previous teaching practice
and they could infer related to next teaching practices.
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Another study was conducted by Lee and Luft (2008) to investigate the
construct of PCK in a context with experienced secondary science teachers.
Researchers tried to determine PCK components and elements, and how these
components are organized by the teachers. The study was a case study in qualitative
nature, and the participants consisted of 4 high school science teachers who had
experience more than ten years and more than 3 years as mentor meaning that
beginning science teachers participated in classroom setting where mentor teachers
helped them enhance their professional development. Data collection tools included
interviews, classroom observations, lesson plans, and teaching reflections of teachers
monthly. The results of the study showed that seven essential components arose from
participant teachers. The first one was knowledge of science. All participants
believed that strong SMK was very important for science teaching, and their
knowledge was continually increased on time. The second component was
knowledge of goals. All teacher designed lessons based on their goals, and a
common goal was to construct the relationships between natural phenomena and
everyday life. The knowledge of goals also shaped their teaching practices, similar to
Magnusson et al.’s (1999) STO shaping other PCK components. The third
component was KoL. All the teachers had knowledge about students’ learning
approaches, their activities, and their lives outside of school. The interaction between
teachers and students provided to acquire KoL, in other words, the classroom
experience enhanced the teachers’ knowledge. The fourth component was knowledge
of curriculum organization. According to the teachers, this knowledge was a tool
linking the other knowledge bases such as subject matter, and other subjects.
Moreover, the curriculum required to be designed in a flexible manner so as to
overcome unpredictable situations. The fifth component was knowledge of teaching.
The knowledge helped teachers design and modify their lesson plans based on taking
feedback students learning. This knowledge was also affected by knowledge of
goals. The sixth component was KoA. Assessment played crucial role in the teachers
teaching because it provided to get feedback about students learning performance
and to determine that the curriculum and instruction have an effect on students

understanding related concepts. The last component was knowledge of resources.
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The resources included materials in and outside of school. Teachers believed that
local facilities or external materials shape their goals and instructions. The teacher
generally engaged in outside of school activities to discover scientific phenomena.
To sum up, the researcher tried to determine teachers PCK from their reflections, and
seven common PCK components appeared in all the teachers teaching. The seven
components had different characteristics form other conceptualizing because the
teachers identified their conceptualizing of PCK. Moreover, this study engaged the
teachers in conceptualizing process, similar to Loughran et al.’s (2004) study, and the
teachers’ views about PCK and components differed from other models.

Similar to previous studies, researchers focused on enhancing teachers PCK.
In doing so, Goodnough and Hung (2009) designed an implementation including
problem based learning (PBL) in order to analyze teachers PCK and monitor the
development of their PCK. The participants of this study were five K-6 teachers
(elementary level) who taught all subjects. One teacher worked with first grade
students, and she was responsible for teaching the model of PBL on “the need of
living things”. Another teacher worked with second grade students and was
responsible for teaching model on “life cycles”, one teacher worked with third grade
students and was teaching the model on “the need of living things”. Another two
teachers worked with fourth grade students and were responsible for teaching the
model of PBL on “habitat”. The models of PBL were designed and applied by
teachers during six weeks’ periods. The data were collected through videotaped
sessions done by teachers their own teaching, pre-post interviews, planning and
debriefing meeting, teachers’ journals entries, and documents and materials. The
authors explained the results of the study in 5 parts; STO, KoC, KoL, KoA, and
KolS. First component was STO, and in this component, teachers’ beliefs about
teaching and learning of PBL mismatched with real classroom teaching. Although
the teachers planned to apply student-centered application based on the nature of
PBL, they continued to teach related concepts in traditional ways. During project,
they challenged to transfer their beliefs to classroom practices, so they also
discovered the difficulties of those transfers. Regarding the component of KoC, after

implementations of PBL, the teachers gained some abilities and knowledge in terms
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of KoC. They recognized curriculum goals and outcomes, and they also discovered
alternative resources. While planning the PBL units, the teachers learned how
curriculum outcomes to be integrated in planning process. As they did so, the nine
step of PBL process including detail thinking manner for each step enhanced the
teachers KoC. Another development appeared in interpreting learning outcomes.
This in-depth planning process provided teachers with interpreting learning outcomes
by designing concept maps involving subject matter, skills, outcomes which were
targeted in the PBL. With this component of KoL, teachers experienced to deal with
students’ prerequisite knowledge, abilities, misconceptions, and skills which were
required for applying PBL. They also learned how students’ ideas were enhanced.
Their students engaged in activities in high motivations, and the teachers compared
and contrasted PBL activities with previous classes so they were very surprised at the
changes that were happening in the students’ learning. As for KoA component, PBL
having authentic assessment techniques enhanced the teachers’ KoA because they
designed and applied so many assessment tools such as journal entries, portfolios,
group reflection sheets, story writing, presentations, creating models, and rubrics.
The teachers had experience to evaluate students’ conceptual understanding and
problem solving skills. Moreover, students’ self-assessment performance attracted
the teachers’ attentions. On the other hand, the teachers witnessed the application of
particular instructional strategies on PBL process, and they inferred the specific
instructional strategies could be applied in general science classes. However, during
PBL planning process, they selected direct instruction but group working or using
models helped to enrich their instructional repertories. To sum up, the elementary
teachers had an experience on a new teaching approach. Before the project, each
teacher had different knowledge and skills, and they enhanced their PCK by
engaging in active learning environment, higher-order thinking, and building
individual and students’ knowledge.

Aydin, Friedrichsen, Boz, and Hanuscin (2014) conducted a study in order to
document teachers PCK and its components in specific topics. Authors compared
and contrasted the teachers’ knowledge bases to better understand the differences

between chemistry topics of electrochemical cells and nuclear reactions. Magnusson
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et al.’s (1999) PCK model was modified based on related literature and used as
theoretical framework. Moreover, similar to other studies, the methodology of this
study involved a case study in a qualitative nature. The context of the study included
a case in which two teachers were working at same private high school and they were
teaching two topics such as electrochemical cells and nuclear reactions. Authors used
multiple data collection tools such as card-sorting activities, CoRe, interviews,
observations, and field notes including students’ and teachers’ works. According to
the results, two teachers’ teaching practices were highlighted in this research rather
than their knowledge. Regarding STO, traditional methods were taken placed in their
teaching, namely, they reflected didactic STO. On the other hand, some activities
such as analogies and demonstrations supported their teaching, and STO moved
nearly out of the traditional view. The teachers also believed that students-centered
activities were more appropriate for the learning of the topics, and students should
discover related concepts in order to gain meaningful understanding. However,
because of some factors such as reality of educational system, university entrance
exam, or loaded curriculum hindered the transforming teachers’ personal beliefs to
practice. When teachers” KolS was examined, authors presented two different
knowledge based on the nature of topics. First one was “content-based and teacher-
centered instruction for teaching electrochemical cells”. In this part, the teachers
were very active factors, and they used hands-on activities, lab works, or
demonstrations but these activities were teacher-centered. Moreover, the participants
did not utilize any subject-specific instructional strategies. Rather, they focused on
topic-specific instructional strategies. After introduction of conceptual objectives,
hands-on activities, lab works, demonstrations were offered in order to provide
meaningful understanding and increase the students’ motivations. The second
teachers’ knowledge about instructional strategies was ‘“less teacher-centered
instruction enriched with implicit NOS and STSE in nuclear reactions”. In this part,
teachers presented conceptual understanding by using lecturing, similar to
electrochemical cells, but some enrichment were engaged in their teaching activities
such as relationships between concepts and everyday life, nature of science (NOS),

and science, technology, society, and environment (STSE) including discussion
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about social scientific issues. Another PCK component was KoC. The teachers
reflected varied knowledge in this component from electrochemical cells to nuclear
reactions, and the teachers had more KoC about electrochemical cells than nuclear
reactions. In electrochemical cells topic, each teacher could make relations related
topic to other topics and disciplines. The teachers could also change the order of
concepts in curriculum, then, presented. In this regard, they had rich knowledge
about national curriculum and materials including objectives, limitations, or
suggestions. Another PCK component was KoL including students’ learning
difficulties, misconceptions, and pre-requisite knowledge. When comparing the
topics in terms of teachers’ KoL, similar to KoC, the teachers had more KoL
including students’ knowledge and possible misconceptions about electrochemical
cells than nuclear reactions. The last component was KoA. On the contrary to other
PCK components, teachers applied different assessment techniques but they were
subject-specific rather than topic-specific component. The teachers used questioning
as informal assessment, quiz, and test as formal assessment, which were not designed
for a specific topic in terms of purposes of assessment and methods. Similar to KoC
and KoL, the teachers had more coherent KoA about electrochemical cells than
nuclear reactions. To sum up, the researchers tried to portray two experience
teachers’ topic specific PCK based on their components. They found that KoC, KolS,
and KoL were topic-specific in nature whereas STO and KoA were discipline
specific. Moreover, Aydin et al. (2014) highlighted that the teachers presented
various kind of knowledge and abilities in different topics. These differences arose
from the teachers’ background such as SMK, national curriculum, or the nature of
the topics.

Similar to Aydin et al.’s (2014) study in the Turkish context, Sen (2014)
conducted a PCK study including five components to explore three middle school
science teachers’ PCK and SMK while teaching cell division topic in 8" grade level.
He used multiple case studies and collected the data by using pre/post interviews,
classroom observations, instrument about NOS, and teacher documents. According
to the study results, the teachers had lack of knowledge about both NOS and SMK

such as cell cycle, allele gene, independent distribution law, which led the teachers to
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constitute insufficient connection between meiosis and genetics. When looking at the
teachers” PCK results, the teachers had STO including to teach objectives in the
science curriculum and to make their students to be ready for high school entrance
exam. Moreover, the participants reflected traditional teaching pattern, namely, they
had teacher-centered orientation. As regarding KoL component, the teachers had
enough knowledge about students’ prior knowledge, student’s difficulties, and
misconceptions. However, they did not effectively handle related misconceptions by
using specific strategies. When looking at KoA, the teachers focused on students’
conceptual understanding about related concepts by utilizing traditional assessment
strategies. They did not assess their students’ SPS, NOS, or interdisciplinary
subjects. As regarding of KolS, the teachers generally used lecturing and questioning
which were parallel to their STO. Finally, the teachers had strong KoC including
objectives, materials, and relationships among related concepts such as cell,
reproduction, growth and development. Stated differently, they followed science
curriculum to prepare their students on upcoming high school entrance examination.
To sum up, Sen (2014) found that the teachers’ STO affected other PCK
components, which is similar to Magnusson et al.’s (1999) PCK model. Moreover,
the teachers” KoC was affected by teachers’ experiences, KoL, KolS, and
environmental factors. Finally, the teachers’ KolIS were shaped by STO, KoC, and
KoL.

In the science teacher education, there are many study focusing teachers PCK
and their development since 1986. It is difficult to review all PCK studies and to
document for this part. However, a review study might help to summarize PCK
studies, and provide us to see general pattern about teachers’ education. Schneider
and Plasman (2011) searched the science teacher literature in order to better
understand which factors enhance teacher knowledge, and which knowledge bases
increase. However, authors did not aim how teachers transfer the knowledge to
classroom practice. In this respect, the studies published from 1986 to 2010 and
including science teachers’ learning were searched by using following key words;
“pedagogical content knowledge, science teachers, teacher knowledge, knowledge

base for teaching, teacher thinking, teacher professional knowledge, teacher
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expertise, teacher learning, mentors, mentorship, leaders, and leadership” (Schneider
& Plasman, 2011, p. 535). Moreover, seven journals and electronical databases were
investigated: “Electronic Journal of Science Education, International Journal of
Science Education, Journal of Research in Science Teaching, Journal of Science
Teacher Education, Research in Science Education, Science Education, and Teaching
and Teacher Education” (p.535) and databases “ERIC, Educational Full Text,
Educational Research Complete, EBSCOhost, and Academic Search Complete”
(p.535). The researchers determined 91 articles matching the above criteria. Each
article was analyzed based on PCK models including different frameworks such as
Friedrichsen et al. (2011), Magnusson et al. (1999), etc. The results showed that in
the science teacher education, there were many studies about pre-service teachers’
PCK and few studies for in-service or experience teachers. Five longitudinal studies
were determined over 2 or more years. When STO analyses were examined, authors
separated STO under three sub-components. First one was teachers’ goal and
purposes about teaching science. The studies generally including the definition of
goals and purposes which were not used consistently, and the research only focused
on teachers’ goals as objectives. On the other hand, teachers’ purposes of science
teaching were reflected as “gaining students’ attention, then developing students’
skills, followed by supporting understanding, and finally focusing both on value and
understanding” (p. 541). Moreover, the data results showed that there were
differences among teachers why science should be taught. Whereas pre-service
teachers’ views were organizing students for life and enhancing knowledge and skills
for next level schooling, elementary teachers focused on enhancing student’ curiosity
and engaging students in funny learning environment. On the other hand, secondary
teachers aimed students to build confidence and enhance students’ awareness of the
usefulness of science. Regarding of teachers’ primary goal, pre-service teachers
focused to teach on conceptual learning while experience teachers focused to take
precautions on students’ misconceptions as well as conceptual understanding. The
second sub-component was NOS. The teachers did not enough knowledge about
NOS and they generally did not consider NOS as a goal for teaching science. In other

words, understanding and learning of NOS was not developed a notion for science
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teachers. The last sub-component was the nature of learning science for students.
Many teachers believed that teaching could be transferred into students by using
lectures, note taking, presentations related materials. However, some teachers
explained that students need to read different resources and engage in hands-on
activities in order to discover targeted information. Some pre-service teachers
believed that students could learn the topics by using auditory learning skills to listen
their teachers. Conversely, teachers’ views about inquiry teaching were that inquiry
was not the best way to provide students’ meaningful learning. Teachers’ views
about learning and teaching science have been affected by their previous education,
or experiences. For example, pre-service teachers believed that student-centered
activities were most useful tool to provide learning because they were engaging in
reform based science methods course. However, they had challenged to practice
those activities. On the other hand, experience teachers supported to apply teacher-
centered activities because of their teaching experience, except teachers participating
reform based curriculum activities, or in-service education. When looking at KoL
analysis, in many studies, researchers focused on teachers’ knowledge about
students’ misconceptions, and other sub-components such as students’ learning
difficulties, or pre-requirements were ignored. Thus, many studies showed that
participant teachers did not have enough knowledge about students’ thinking about
science. This finding was compatible with teachers STO because teachers considered
that the learning was a transformation of knowledge, and they believed that students
would not have any previous knowledge or idea before learning related concepts.
Pre-service teachers had less knowledge and ability about why students believe that
learning science concepts are very difficult than experience teachers. If they gained
some teaching experience in classroom context, they could be aware of those
difficulties. When looking at KolS analysis, researchers reported only the
instructional strategies used by participant teachers; however, they did not explain
why the teachers had selected those strategies. Moreover, multiple teachers believed
that inquiry was a process in which the students make investigation. In science
education, inquiry applications have been taken attention, and there has been an

effort to apply inquiry in pre-service education. Thus, pre-service teachers tended to
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apply as far as possible. However, the reports showed that teachers misused the
definition of inquiry, and they enacted inquiry activities with missing parts. For
example, hands-on activities, lab works, or discovering any concept were considered
as an inquiry application. The teachers applied generally instructional strategies such
as “students participating in hands-on activities; reading about science; viewing
scientific videos, pictures, or physical models; or hearing descriptions of real-world
applications” (p.551). In addition to above examples, discussion and explanations
were considered discourse strategies including writing and reading assignments.
Discussion was used nearly all reports but the definition was not clear. Moreover,
some studies reported students-centered strategies but the teachers did not interpret
correctly this definition, and when they applied any activities, they thought that it
was student-centered activity. Appling small group activities, KWL chart, students’
journals, all activities were reported in the studies as student-centered. When looking
at KoC analysis, new teachers did not have enough knowledge about what science
concepts in order to design lesson, or what resources could be reached. The teachers
were also unfamiliar with scope, sequence, standards, or material in a curriculum.
However, this unfamiliar situation was removed by having teaching experience.
When looking at KoA analysis, the component of KoA was the most ignored
components in the research. Some findings of study showed that pre-service teachers
or new teachers did not emphasize the assessment part in their lesson plan, or using
informal questions was considered as an assessment. However, some educational
supports provided teachers with authentic assessment strategies such as “portfolios,
performances, presentations, and journals” (Schneider & Plasman 2011, p.554).
Some teachers used test or exams at the end of units. In other words, they considered
assessment as summative. Some new teachers were aware of alternative assessments
but they did not explain their lesson plan. On the other hand, experienced teachers
emphasized that instruction and assessment should be acted parallel so as to monitor
students’ performance. To sum up, this review study summarized the research
findings, and portrayed the current situation of science teachers’ knowledge and
abilities. Moreover, these findings provided the science teacher education with

valuable information about the strengths and weaknesses of science teachers, and this
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study results will guide the future research aiming to enhance teachers’ professional
development.

In recent years, Gess-Newsome et al. (2017) conducted a study to investigate
the relationships between teachers’ knowledge bases and the model of teacher
professional knowledge. Researchers focused on three teacher’s knowledge;
academic content knowledge (ACK), general pedagogical knowledge (GenPK), and
PCK. They designed a project including educative instructional materials where
teachers engaged in inquiry based learning. A total of 50 high school biology
teachers were chosen to engage in professional development. The intervention
included educative curriculum materials comprising of two biology curricula such as
“Insights in Biology” and “A Human Approach” and each curriculum had similar
content: “cell biology, heredity, interdependence, evolution, and matter, energy and
organization” (Gess-Newsome et al., 2017, p.5). A mix method was used to collect
the data. ACK was measured by Major Field Test in Biology (MFTB), and students’
achievement test was also used to evaluate students’ performance. In order to
determine teachers GenPK, the Reformed Teaching Observation Protocol (RTOP)
was used. In order to measure PCK, three constructs were determined; PCK-CK
(content knowledge), PCK-PK (pedagogical knowledge), and PCK-CxK (contextual
knowledge). They were measured by Project PRIME PCK Reflection Instrument,
and the Project PRIME PCK Rubric. Students’ achievement was measured with a
test including 5 topics and each topic has 20 items. Finally, teachers’ interviews were
used to support quantitative data. According to the data analyses, researchers tried to
measure PCK by using a tool including written reflections, interview reflections, and
video recorded classroom observations. Based on data results, PCK was comprised
of two constructs such as PCK-CK and PCK-PK. In other words, the teachers’ topic-
specific content and applications were explained at least two factors. When looking
at the effectiveness of the project, the intervention of educational curriculum
materials had a significant effect on teachers’ knowledge and skills. Regarding
students’ achievement, there was a significant change in favor of post-test [t
(4717)=58.39, p< .001]. Moreover, teachers’ ACK, GenPK, PCK-CK, PCK-PK, and

teaching practice were increased at the end of the project. These quantitative results
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were also supported by qualitative data. In order to validate the model of teacher
professional knowledge, researchers conducted correlation analyses based on
teachers’ knowledge bases. According to the results, ACK was correlated to PCK-
CK, and PCK-CK was correlated to GenPK. However, PCK-CK was moderately
related to PCK-PK. Moreover, a significant correlation appeared between GenPK
and classroom practice. The last step their analyses were to determine how teachers’
knowledge and practice influence to students’ achievements. According to the data
results, only teachers” ACK had significant effect on students’ achievement. Other
knowledge bases such as PCK-CK, GenPK, and PCK-PK did not provide any
evidence to support students learning. In other words, having strong PCK is not an
indicator for the increasing students’ achievement. Another aim of the study was to
validate the theoretical path of study arising from the model of teacher professional
knowledge and skill (Gess-Newsome, 2015), and so the results did not validate the
effects of teacher practice and knowledge on students’ achievement, except for ACK
significantly explained students’ achievement.

Another current study was conducted by Melo, Cafiada, and Mellado (2017)
to construct the development of PCK of two physics teachers and to determine the
relationships between the emotions and teachers PCK. The participant teachers were
working at high school with students’ ages from 17 to 19. The researchers designed a
project including an innovation of electric fields topics to assume that affective
domain and teachers’ knowledge bases unpack the transformation and integration of
PCK into project. In this study, Alonzo and Kim’s (2016) PCK definition was used.
They characterized PCK in three steps such as declarative, design, and action. The
authors assumed that one factor is emotions might affect teaching and learning, and
emotions effects should be investigated as well as cognitive factors. Within this
minds, the authors aim was to define two physics teachers’ PCK and to conceptualize
the emotions’ effect on teachers PCK while the teachers were engaging in an
innovation project. In order to collect the data, semi-structured interview, open-ended
questionnaire, and CoRe were employed. Open-ended questionnaire was used to
determine teachers’ decision making process in terms of instructional strategies and

to obtain their think about curricular design. The data was analyzed based on four
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PCK components such as KoC, KoL, KolS, and KoA. Each component was
categorized in three group tendencies such as teacher-centered tendency, student-
centered tendency, and intermediate tendency in which teachers presented
knowledge and skills somewhat closer both teacher-centered or student-centered.
According to the data results, the project provided the teachers with development of
their PCK. For one teacher, KolS and KoC were subjected to the biggest progression
from teacher-centered tendency to mixed tendency. This teacher did not have a
change on KoA. Other teacher was less successful in PCK progression than previous
teacher. KoC including objectives, and KoL including learning difficulties and
reasons were subjected to innovation. However, KoA was changed from constructive
tendency to teacher-centered tendency. For one teacher, the resources of emotions
arose from the curriculum, the content, the pupils, and the context. The content factor
provided the teacher with positive emotions such as satisfaction, capability, security,
and confidence deriving from the teacher’s content knowledge, and her successful
application of lab work and experimental activity. On the other hand, the teacher had
negative emotion such as frustration and anxiety related to mathematical challenges
to use for physics, and the teacher had experience the emotions from university
years. After project two years later, the emotions related to KoC and KolS did not
show significant changes because the modification of content and presentation based
on project aims led to increase both satisfaction and concern. Moreover, student-
centered application and evaluation caused to teacher to feel anxiety, disappointment,
and frustration while applying those activities. Other teacher reflected similar feeling
during the project. KoC, KolS, SMK, the relationships with the students, and the
context were main resources for positive and negative emotions. For this teacher, the
topic of electric charge and electrification phenomena provided the teacher with
positive feeling. However, some topics were considered by the student as boring,
which led to teacher to feel negative emotions such as pessimism, disappointment,
and boredom. However, in the second year of project, there were some changes such
as increasing positive emotions, and decreasing negative emotions. On the other
hands, the relationships between students and teacher in physics lab caused the

classroom management problems, which was reflected a negative emotion.
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Regarding the relationship between emotions and content, one teacher had positive
emotion during the first year of project but the second year of project, both positive
and negative emotions appeared especially in the topics of electric field lines,
electrostatics and electro kinetic. On the other hands, the other teacher was subjected
to slightly emotional change from first to second year. He experienced a negative
emotion about electric force, superposition of the electric field, and the difference
between field and force. However, he gained a new presentation skill about topics,
then, this modification provided the teacher to feel more positive emotions except for
lines of force topic. To sum up, during the project, the teachers PCK were developed
gradually, and some components were enhanced (not all of them). The teachers’
tendency about teaching of electric field was categorized on three phases such as
teacher-centered, intermediate, and innovative. Similar to teachers STO, a
component of PCK, which was not considered in this research, the researchers had
difficulties to label a teacher teaching tendency as student-centered or traditional
because each category included mix or more than two tendencies. Moreover, as
Gess-Newsome (2015) mentioned amplifiers and filters, the effects of emotions acted
both amplifiers and filters in the teachers’ decision making process and practicing. In
other words, the negative or positive emotions shaped the teachers’ PCK similar to
the beliefs in STO.

To sum up, science teacher PCK studies have a tendency to enhance teachers’
professional development (Bertram & Loughran 2012; Gess-Newsome et al., 2017;
Goodnough & Hung, 2009; Melo et al., 2017) though longitudinal project, and
researchers have tried to collect evidence to validate PCK models or frameworks
(Boesdorfer & Lorsbach, 2014; Newsome et al., 2017; Melo et al., 2017) though
using different methodologies and engaging different variables to gain better

understanding science teachers’ PCK.

2.3 The Studies about the Interaction of Science Teachers’ PCK Components

Science teaching and learning are complex process, thus many knowledge act
together to transfer knowledge to students. Researchers have emphasized that the
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teacher knowledge bases should be considered together. Shulman (1986) defined that
knowledge bases and separated seven categories but other researchers following his
framework did not isolate knowledge bases prominently (Grossman, 1990, Marks,
1990). Cochran et al. (1991) defined PCK as pedagogical content knowing in
accordance with the constructivist approach and they utilized four knowledge bases
“knowledge of environmental context, knowledge of pedagogy, knowledge of
students, and knowledge of subject matter” (p.23) in their model. The knowledge
bases are combined and interrelated when teaching is employed but cannot be
separated. Pre-service teachers can combine the knowledge bases slightly or
fragmented whereas experience teachers can present more strong interrelation. On
the other hand, this combination might occur more dominant among two or three
knowledge bases. For example, classroom observations for pre-service teacher
enhance the knowledge of school context, or the teacher engages in teaching
experience on difficult concept first can enhance SMK and knowledge of learners
(Cochran et al., 1991). If the teacher faces the similar context, he will combine and
integrated these knowledge bases to generate his PCK.

After Cochran et al.’s (1991) work emphasizing the integration of knowledge
bases, the relationships among teachers’ knowledge bases were considered by other
researchers. One example appeared in Fernandez-Balboa and Stiehl’s (1995) work.
They investigated 13 university professors’ PCK presented in several disciplines, and
aim of the study was how professors conceptualize and practice their PCK.
Grossman’s (1990) PCK framework was used to design their study, and semi-
structured interviews were employed to understand participants’ PCK. Regarding
data results, four knowledge bases appeared in clearly in the data similar to
Grossman’s (1990) definition, and additional one component was coded as
participant purposes for teaching including professors’ belief system. Moreover, the
authors recognized that the participants used those knowledge bases in a collective
way. Successful teaching and learning appeared only the integration of PCK
components. In other words, PCK components did not act independently. One
teaching behavior appeared when the participants organized at least two components

actively. For example, students’ learning difficulties was handled by considering
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knowledge of the characteristic of students or students’ prior knowledge. In this
respect, participant professors should have organized the most appropriate
instructional strategies in a correct time. In doing so, the integration of components
was most important teaching behavior for meaningful learning. Finally, combination
of PCK components did not act in a linear process because various factors or beliefs
might affect the integration of components simultaneously.

Magnusson et al. (1999) reflected a similar view about integration of PCK
components. They defined that PCK is a transformation of multiple knowledge in
teaching a specific concept, namely, components act as a whole. Deficiency or
misusages of any component, or problems between two components lead to become
problematic situations when developing and applying those components. In other
words, focusing on the development of a component might not be enough to present
targeted behaviors or teaching. Therefore, the interactions of components are very
crucial to understand of PCK construct, and they appear in complex situations. In this
respect, it is very important how components interact together and how they affect
science teaching.

Regarding the suggestions of investigating of the interaction of PCK
component, an empirical evidence was offered by Henze et al. (2008) in order to
investigate the development of PCK in nine experienced science teachers engaging in
new syllabus in which the teachers was teaching the first few years on the topic
“Models of the Solar System and the Universe”. The data were collected by semi-
structured interviews during three semesters. The researchers focused on four
components such as KolS, KoL, KoA, and knowledge about goals and objectives of
the topic in the curriculum. Results showed that two types of PCK development
appeared from teachers’ knowledge and practices as illustrated in Figure 2.8.

According to the Figure 2.8, development of teachers’ PCK were categorized
in two groups such as Type A including teacher-centered tendency and Type B
including more or less student-centered tendency. In Type A category, teachers’
goals and objectives of teaching increased the development of knowledge of
instructional strategies, namely, it effected instruction. Similarly, knowledge of

students understanding also affected the teachers’ instructions. Development of KoL
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component arose from KoA. The teachers took feedback from students’ performance
and written test and group reports. Finally, teachers’ instructions supported the
development KoA. On the other hands, in Type B category, there were three
mutually relationships among development of KolS, KoL, and KoA. The goals and
objectives component did not change over time significantly. Similar to Type A,
KolS consistent with the teacher goals and objectives enhancing KolS. Moreover,
KoL also supported the instructional strategies. The development of KoL component
was prompted by KoA and KolS. On the other hand, development of KoA arose
from KolS (similar to Type A) and KoL. As a result, the three mutually interactions
referred that Type B of PCK has dynamic interaction whereas Type A of PCK have
static interaction. In this study, the relationships among PCK components were
explained in teachers’ professional development process based on four components.
However, STO and KoC were combined in the “knowledge about goals and
objectives of the topic in the curriculum”, and it is not clear the effects of STO or

KoC on teachers’ professional development process separately.
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Figure 2.8. Development of Teacher PCK Components

Another evidence based research was conducted by Kaya (2009) to determine
the relationships PCK components and SMK while teaching ozone layer depletion.
The participants were 216 pre-service science teachers who were in final years in

their undergraduate program. The data were collected by an open ended survey so as
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to evaluate the participants’ SMK and then, semi-structured interview was conducted
with 75 pre-service teachers to determine the participants’ PCK. The mixed method
was employed, and qualitative technique provided to categorize the participants’ both
SMK and PCK. The quantitative methods “Pearson product-moment correlation
coefficient and Multivariate analysis of variance” were used to determine the
relationships among knowledge bases. According to the results, 46% of participants
had low level or naive SMK, 24% of them reflected plausible knowledge, and 28%
of them had appropriate SMK. Regarding PCK results, the participant teachers
reflected plausible knowledge level based on four PCK components. When looking
at results in detail, 24% of participants had naive KoC, 27% of them reflected naive
both KoL and KolS, and 38% of them had naive KoA. In other words, the
participants did not reflect enough knowledge both SMK and PCK in terms of the
teaching of ozone layer depletion. Moreover, when looking at the relationships
among knowledge bases, participants’ SMK had significant relation with the
participants’ PCK, and all components except for KoA. On the other hand, KoA did
not connect other components significantly but there were significant and moderate
relationships among other three components. According to the MANOVA results,
PCK and its components were significantly varied among the ability groups such as
appropriate, plausible, and naive. To sum up, Kaya (2009) reached the conclusion
that participant teachers did not have enough knowledge and ability to teach the topic
of ozone layer depletion. But their knowledge bases were in significant relations. In
this study, STO was not considered to analyze to determine the components’
relations similar to Henze’s (2008) work.

Another study related to interaction of teachers’ knowledge bases was
conducted by Friedrichsen et al. (2009). Researchers examined the effect of the role
of teaching experience on teachers’ professional development. They designed an
alternative certification program in order to observe teachers’ knowledge
development. They used Shulman’s (1986) framework and selected four biology
teachers participating same teacher education program. However, two of them had
teaching experience with K-16 students and other of them did not any teaching

experience. They used qualitative-interpretive research design so as to elicit the
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effectiveness of teaching experience on participants’ PCK development. They also
used lesson preparation method including lesson plans and interviews to obtain data
from participant teachers. According to the data analysis, they defined two
assertions. Assertion 1 reflected that the teachers in both groups used their general
pedagogical knowledge, in other words, they could not rely on PCK in their lesson
plans. When looking at the development of each PCK component, all teachers
reflected didactic STO over the alternative certification program. As KoL
component, both teacher group were aware of students had prior experience or
learning difficulties about scientific phenomena but they did not give a specific
example to reflect their knowledge about students’ prior experience or learning
difficulties. Some differences between two groups were detected in their KoC.
Experience teacher enriched the knowledge of curriculum with district and state
goals and purposes but the intern teachers considered the curriculum with textbook.
When looking at the last component of assessment, there was similar pattern for both
experts and interns. Neither experts nor interns indicated any assessment activities in
their lesson plans. They considered assessment as to monitor students during lessons
and to grade students’ worksheets. On the other hand, assertion 2 focused the
knowledge bases in terms of both experts and interns. The researchers summarized
the results on two figures such as Figure 2.9 based on the interactions of expert
teacher knowledge bases, and Figure 2.10 based on intern teachers’ knowledge
bases.

The figures showed that STO “didactic” hindered the development of other
components, thus the researchers used STO as a filter in both expert and intern
groups. The differences between expert and interns’ groups appeared on interaction
among components. In this regard, Figure 2.9 showed that the expert teachers’
engaged in the interactions among KoL, KoA, and KoC components while
development of their PCK. However, KolS interplayed few times with other
components, thus the researchers did not draw KolS as overlapping circles with other
components. In other words, the overlapping circles engaging in KoL, KoC, and
KoA indicated that there were many interactions among pedagogical knowledge

components while development PCK process. As a result, SMK and pedagogical
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knowledge and its components helped the development the expert teachers’ topic
specific PCK for heritable variation topics as shown in Figure 2.9. On the other hand,
when looking at intern teachers’ PCK development in Figure 2.10, there was dashed
line circle around the components, which meant that each component had limited
interactions together while developing their topic-specific PCK. The researchers
stated that intern teachers’ pedagogical knowledge did not enhance topic specific
PCK development as well as expert teacher pedagogical knowledge. In other words,

SMK primarily increased the development of their PCK.
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Figure 2.10. The Interactions of Intern Teachers’ Knowledge Bases

Up to the present study, researchers focused on investigation of the
relationships among teachers’ knowledge bases such as SMK, PK, contextual
knowledge or PCK, and their aims were to enhance or determine teachers’
professional developments. In doing so, they were able to discover some evidence to
understand the relationships among knowledge bases. However, next works only
focused on determination of the interaction of teachers’ PCK components.

Padilla and van Driel (2011) conducted a study with university professors in
order to investigate the relationships of their PCK in teaching quantum chemistry.
They also aimed to analyze the connection among PCK components. A total of 6
university professors were involved in the study and the data were collected by
interview questions. The researchers coded each interview data set based on
Magnusson et al.’s (1999) PCK model and they created teaching fragments. After
determining sub-components and components in each fragment, the relative
frequencies of each components and sub-components were calculated to obtain

quantitative data. These data were analyzed by using The Princals Methodogy so as

65



to clarify the relationships among PCK components. According to the results of the
study, each professor drew different PCK pictures but some teaching patterns were
parallel. For example, the university teachers had traditional teaching pattern,
namely, they reflected didactic or academic rigor teaching orientation. Because they
believed that quantum chemistry topic was difficult and complicated for
understanding of students, it was an effective way to use teacher centered STO.
When looking at interactions among PCK components, four professors connected
KoC and KoL, three professors had similar interaction between STO and KolS, or
KoL. General teachers’ profile indicated that all PCK components linked together at
a certain rate, but KoA generally was interacted at least component with others. In
this respect, the university professors did not pay attention to use KoA. In this study
researchers focused to clarify the relationships between PCK components generally
ignored in the science teacher education (Friedrichsen et al., 2011). Comparing this
study results with Kaya’s (2009) work, there were some different features about
studies’ samples, methods, data analyzing techniques. However, the findings
occurred with parallel. There were significant correlations among participants’ KoC,
KoL, and KolS in both studies. Moreover, KoA had low correlations with other
components. However, any information about STO was not considered by Kaya
(2009).

In addition to above studies, Park and Chen (2012) extended determination of
the relationships among PCK components while they were developing a tool more
concrete and measurable than previous studies in PCK literature. The aim of their
study was to determine how one component links to others while organizing,
developing, and validating teachers’ PCK. The qualitative method was used to select
four biology teachers in teaching photosynthesis and heredity topics, to collect the
data through class observations, interviews, lesson plans, and teachers and students’
works, to analyze the data through in-depth PCK analysis, enumerative approach,
and the constant comparative methods. Moreover, the researchers employed
pentagon model as a conceptual and analytical framework, which includes five
components in a mutually interactive way with one component to another (Park &

Oliver, 2008). By the way, Enumerative approach is an analysis technique in
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qualitative designs (LeCompte & Preissle, 1993, as cited in Park & Chen, 2012) to
clarify the interaction PCK components more explicitly in an analytic device which
was called by the researchers as PCK map. In order to construct PCK map, the
pentagon model was used as illustrated in Figure 2.11. This model includes five PCK
components and each component can interact with others. In this model, each
connection or interaction among two components has similar strength of 1. The
researchers first analyzed the participant teachers PCK in depth, and then categorized
their teaching in the episodes. For example, six episodes on the right side in Figure
2.11 referred one teacher teaching on photosynthesis topic. Moreover, PCK map
showed clearly each episode including the interactions of PCK components.
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PCK map for an instructional session of photosynthesis

Figure 2.11. The construction of PCK map by using enumerative
approach (Park & Chen, 2012, p. 929-930)

As regarding the study results, five distinctive results were appeared. First
one was related to topic-specific PCK. Each participant teacher reflected the
interactions of components in idiosyncratic way. Although each teacher had used
similar approach during planning process and similar contents, they presented
different PCK maps. The second distinctive result was that KoL and KolS played
important role during planning and practicing process, and they were more interacted
than other components. The third one was that KoC was engaged in at least
interactions, and the teachers used KoC with the most interaction of KolS. The forth
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specific result was related to KoA. Contrary to previous studies (Kaya, 2009; Padilla
& van Driel, 2011) focusing on the relationships among PCK components, Park and
Chen (2012) was able to determine the effect of KoA on other components. KoA was
more interacted with KoL and KolS than STO and KoC because the participants used
informal assessment skills such as questioning or monitoring student performance so
as to determine students’ outcomes. In this respect, KoL and KolS were more
employed in interaction with KoA. The last result was related to shaping STO to
others. STO affected KolS and hindered its interactions with other components. To
sum up, Park and Chen (2012) investigated teachers’ PCK by using different
approach “mapping out the integration of PCK components” and they obtained
evidence which were compatible with literature in terms of topic-specific PCK. They
also emphasized that KoL and KolIS were crucial components on the teachers’
professional development.

After developing mapping out approach by Park and Chen (2012), many
researchers used it to organize and conduct their studies, and to validate mapping out
approach with empirical evidence. One study was conducted by Aydin and Boz
(2013) to examine the nature of interaction PCK components while two expert
teachers were teaching the redox reactions and electrochemical cells topics. The
participant teachers worked in a private high school and had 15 and eight years
teaching experience. The study included qualitative nature and semi-structured
interviews, card-sorting activities, CoRe, observations, and field notes were used to
collect the data. Data analyses process included in-depth PCK analysis, enumerative
approaches (based on Park and Chen’s (2012) approach), and constant comparative
methods. The interaction PCK components arose from the data of observations and
field notes and they developed a rubric to determine the strength of the interactions.
After coding the interactions by using the rubric, they generated PCK maps for each
teacher and topic. According to the results of the study, different interactions, scores
arising from rubric, and PCK maps were detected from participants’ teachings. One
teacher reflected 22 interaction episodes and 32 points in redox topics and 30
interaction episodes, and 45 points in electrochemical cells topic while another

teacher presented 19 episodes and 33 points, and 27 episodes and 39 points, in
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respectively. Only one teacher took full credit (3 points) from the interaction between
KoL and KolS in electrochemical cell topic while another teacher got three points
from two interaction episodes (KoC-KolS and KoL-KolS). KolS and KoL were
more interacted components with others but KoA was least integrated PCK
component. When closer looking at PCK maps, each participant map was topic-
specific and idiosyncratic. Moreover, the interaction episodes included from simple
(one components informed another one) interactions to complicate (two or more
components informed another component). Similar to previous studies, STO shaped
the teachers’ teachings. The frequencies of interaction components were different in
terms of both topics and teachers. Finally, the integration among PCK components in
teaching a topic was complicated process and included four parts; understand,
decision-making, enactment, and reflection. In the understanding part, KoL and KoC
were active components in order to understand students’ prior knowledge or
alternative conceptions. Second part of decision making process, STO shaped the
teachers’ teaching and KolS was selected by teachers under their belief of STO.
Then, the teachers presented related topics in the third step enactment. The last part
of interaction process was reflection. The teachers reached a decision-making
process in which instructional strategies and assessment techniques were more
appropriate for students understanding.

Another study including mapping out approach was designed by Aydin et al.
(2015) but in different context. They conducted the study aiming to investigate
nature and development of interaction PCK components of preservice teachers. They
selected three preservice teachers; two of them were females and one of them was
male who were a final year students. The study context involved practicum course
lasting 14 weeks and they designed this course enhanced by content presentation
(CoRe) based mentoring system. Moreover, the pre-service teachers were assigned to
prepare CoRe lesson plans and they participated in educative mentoring helping them
in finding solution of their problems facing from designing CoRe lesson plans.
Magnusson et al.’s (1999) PCK model was used as both conceptual and analytic
framework. The data were collected by pre-post core plans and interviews in order to

define the interaction of PCK components. They employed three data analyzing
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process, namely, deductive method, content analysis, and constant comparative
methods. After analyses, pre-post interactions of the teacher maps were formed. The
results of this study showed that pre-service teachers developed their PCK until at the
end of the course. At the beginning of the course, they had lack of interaction
components and the number of interactions was less. However, the teachers
presented the interaction of all components in the post PCK maps. The researchers
indicated that if it was offered to pre-service teachers to participate in opportunities
like CoRe mentoring system, they can enhance their PCK. Moreover, development
of the pre-service teachers’ PCK was idiosyncratic. CoRe based mentoring system
more increased the interaction KoC components. Finally, KoA also did not link with
KolS in any map but KoA interacted the others (STO, KoL, KoC).

The studies including the interaction of PCK components have increased their
popularity in scholars working on science teacher education. Recently, Ekiz Kiran
(2016) conducted study to investigate experienced chemistry teachers PCK. She
focused on each component of PCK and portrayed the interaction of STO with other
components. She selected two experience chemistry teachers working in a public
school and mixture topic including homogeneous, heterogeneous and separation of
mixtures sub-topics. She used qualitative research design similar to PCK literature,
and interviews, class observations, and field notes/classroom documents were
employed to obtain the data. Different from Magnusson et al.’s (1999) PCK model,
she focused on the nature of science while investigating teachers STO (Friedrichsen
et al., 2011). In this respect, she added Views of the Nature of Science Questionnaire
Form-C (VNOS-C) (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002) to data
collection tools. The data analysis process included Magnusson et al.’s (1999) PCK
model to code teachers’ PCK and components deductively, and Aydin and Boz,
(2013), Park and Chen, (2012), and Padilla and Van Driel (2011) coding schemes to
analyze the interactions of STO with other components. According to the study
results, the participant teachers did not present any aspect of NOS through practicing
part of their teaching. They stated that some limitations such as lack of time,
teachers’ belief towards NOS, and nationwide examinations led to hinder the

employment of NOS. STO interplayed with other components of PCK but the
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variation of interaction differed by the teacher. Moreover, the teachers had different
beliefs about goals and purposes, and science teaching and learning but they focused
on some similar beliefs on their teaching practices such as everyday coping, solid
foundation and correct explanation. Nationwide examination played important role
on the development the teachers’ goals and purposes, thus, they reflected teacher-
centered teaching orientation in their presentations and activities. When KoL
component was examined, the teachers believed that neither students’
difficulties/misconceptions nor students prior knowledge affected their teaching in a
negative way because the students had correct and enough knowledge to understand
mixture units. In other words, they did not have enough ability and knowledge to
analyze students’ understanding of science. Different to KoL, KoC was strongly
developed by the teachers, which arising from teaching experience and other factors
such as writing books. Because of their STO, they generally reflected didactic
teaching methods. Moreover, the teachers did not present any subject-specific
instructional strategies during their teaching of mixture topic. Summative assessment
was important for students and helped preparation of nationwide examinations.
When analyzing the interaction components results, the researcher coded teaching
behaviors as the interactions of the components which appeared both the teacher
planning and practicing process. The researcher separated STO into three sub
components; beliefs about goals or purposes, beliefs about teaching and learning, and
beliefs about NOS. The first sub-component interacted with same components, in
which teachers aimed to provide correct explanations in order to construct solid
foundation of learning. In this respect, teachers used teacher-centered instructional
strategies or activities in order to reach their goals and purposes, namely, KolS
interacted with the first sub-component. In other words, the teachers’ wanted to
provide students with solid conceptual understanding in order to make the students
getting full credit from their examination. On the other hand, KoL and KoA more
interacted with the first components than KoC. Generally, these interactions also had
similar feature for two teachers. When looking at the interactions between second
sub-component and others, KolS played important role and it interacted all sub-

components. However, KoA interplayed at least with that component. The researcher
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explained this situation as resulting of the teachers’ STO, namely, teacher-centered
teaching and learning hindered the interaction of KoA with others.

Similar to Ekiz Kiran’s (2016) work, Demirdégen (2016) conducted pre-
service teachers’ PCK study in order to determine the relationships between STO and
other components such as KoL, KolS, KoC, and KoA. She used Magnusson et al.’s
(1999) PCK model as a conceptual framework, and Friedrichsen et al.’s (2011)
definition of STO was utilized to enrich her data bases. Case study design in
qualitative-interpretive nature was employed to portray the interactions of PCK
components. Demirdogen selected eight middle school science pre-service teachers
in the last semesters in their program. She collected the data by using open-ended
questions, CoRe, questionnaire about NOS, and semi-structured interviews. In this
respect, in order to determine teachers’ PCK components interactions, CoRe and
interviews were utilized as main data collection tools. According to the data results,
participant teachers’ goals and purposes for science teaching affected all PCK
components. Especially, content based purpose interacted with all components.
Another purposes such as the development students’ science process skills, and
everyday coping interplayed with KoC, KolS, and KoA. Moreover, the sub-
component of teachers’ beliefs about NOS was not directly used by the participants.
Although the participants had enough knowledge about NOS, they did not have
enough ability to present it in the teaching context. The final result of this study was
related to other sub-component of STO. Teachers beliefs on science teaching and
learning were mostly connected with KolS, except for some cases such as it
interacted with KoC or KoA. To sum up, Demirddgen (2016) stated that pre-service
teachers’ PCK were idiosyncratic in nature. There were both similar features of STO
and different features or interactions. Also she detected some interactions among
KoL, KoC, KolS, and KoA as seen in PCK literature.

Most recently, Akin (2017) completed her dissertation in which the
interaction of PCK components were examined in reaction rate and chemical
equilibrium topics. The researcher focused on clarifying the nature of interaction
PCK components between novice and experienced teachers, and to determine the

effect of teaching experienced on the interactions. She designed her study based on
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Magnusson et al.’s (1999) PCK model (similar to PCK studies in the literature) and
Park and Oliver’s (2008) pentagonal model (new methodology to construct PCK
map, see Figure 2.11) as conceptual and analytic framework. Regarding the
frameworks, qualitative-interpretive nature provided valuable data arising from
multiple cases studies including two experienced and one novice teachers. Similar to
previous studies (e.g., Aydin & Boz, 2013; Aydin et al., 2015; Park & Chen, 2012),
Akin’s (2017) study included similar research design, and the data were collected
through card-sorting activities, pre-post interviews, CoRe, and classroom
observations. However, there were some differences from previous studies such as
sample of the study including experienced and novice teachers, investigation of all
PCK components’ interactions, and using pentagonal mapping approach. On the
other hand, study topics reaction rate and chemical equilibrium are a part of
chemistry, which is selected by researchers commonly. Within this mind, Akin
summarized the results of study as follows; (1) similar to previous studies,
idiosyncratic and topic-specific nature of PCK appeared in the interactions of
components. (2) There was a difference between novice teacher and experienced
teachers’ PCK maps in terms of fragmented and integrated respectively, and PCK
maps showed the different level of complexity. (3) There was also difference about
teachers’ STO. Novice teacher reflected broad and non-specific orientation but others
represented more specific orientation. (4) During teaching related topics, KoL, KoC,
and KolS acted as central components. This result is compatible with the previous
studies in which KoL and KolS played active role but KoC was not considered by
the participant teachers. In this respect, Akin’ result offered an evidence about the
effect of KoC on teachers’ teaching. (5) Two-way interactions appeared much more
over in experienced teachers’ maps than novice teacher’s maps, and experienced
teachers were able to more translate their knowledge bases into classroom practices
than novice teacher. (6) Self-efficacy of teachers had an effect to construct teachers’
PCK map. To sum up, Akin (2017) explained the differences between novice teacher
and experienced teachers PCK facilitating the interactions of PCK components. She

reached some conclusions common in the science teachers’ literature, idiosyncratic
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and topic-specific nature of PCK, the main role of KoL and KolS, differences
between experienced and novice teacher PCK.

To sum up, the interaction of PCK components has been considered by many
researchers. In the earlier, scholars emphasized that knowledge bases such as SMK,
PK, PCK, or contextual knowledge cannot be analyzed separately, and they should
combine and interrelate together in a heuristic structure (Abel, 2007; Cochran et al.,
1991; Fernandez-Balboa & Stiehl, 1995; Magnusson et al., 1999). Later on,
empirical studies were employed to find out some evidence to support previous ideas
such as the knowledge bases of university professors (Fernandez-Balboa & Stiehl,
1995), the development of experience science teachers’ PCK components in the topic
“solar system and the universe” (Henze et al., 2008), and biology teachers in the
topic ‘“heritable variation” (Friedrichesen, et al., 2009). Other studies was only
focused on the relationships among PCK components such as university professors in
teaching quantum chemistry (Pandilla & van Driel, 2011), biology teachers in the
topic “photosynthesis and heredity” (Park & Chen, 2012), chemistry teachers in the
topic “redox reactions and electrochemical cells” (Aydin & Boz, 2013), chemistry
pre-service teachers in the topic “rate of reaction” (Aydin et al., 2015), chemistry
teachers in the topic “mixture” (Ekiz Kiran, 2016), middle school pre-service
teachers (Demirddgen, 2016), and chemistry teachers in the topic “reaction rate and
chemical equilibrium” (Akin, 2017). In this respect, chemistry teachers and topics
were generally considered in above studies. Moreover, the studies showed that KoL
and KolS were most used by teachers and they played active role during teaching
process (Akin, 2017; Aydin & Boz, 2013; Fernandez-Balboa & Stiehl, 1995;
Friedrichesen, et al., 2009; Park & Chen, 2012). However, the effect of KoA on
teachers’ PCK was not found out in some studies (Friedrichesen, et al., 2009; Kaya,
2009), or KoA interacted with other components at least (Aydin & Boz, 2013;
Pandilla & van Driel, 2011). Finally, some studies did not focus on STO as a
component and investigate its effects on teachers’ PCK (Henze, 2008; Kaya, 2009).
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2.4 Gifted Students’ Education and Their Teachers

In this part, gifted students’ education, teachers of gifted students,
characteristics of gifted students, and enrichment curriculum topics were
summarized.

Regarding of the purposes of gifted students’ education, there are three main
purposes. The first aim is to provide the gifted students with educational
opportunities in which they are able to enhance maximum cognitive development
and self-fulfillment (S¢kowski & Lubianka, 2015). The second aim is to provide the
benefit of society, and to increase the talented people reservoir in which talented
individuals help to determine society problems and solve them to bear society to
contemporary civilization. In other words, the aim is to produce beneficial and
productive individuals such as scientists, artists, engineers or leaders (Renzulli,
1999). The last aim is generated from the combination of the first two aims, and it is
suitable with democratic philosophy of education. In this respect, creative and
productive abilities of individuals play an important role to reach the first two aims;
having self-fulfillment gifted students, and providing beneficial to society (Renzulli,
2012). In other words, the last aim is to enhance the gifted students’ creative and
productive abilities.

In order to achieve the aims mentioned above, in teacher education increasing
attention has been devoted to the determination and meeting the special needs of
gifted students. In this respect, the first thing to do to understand and identify the
gifted students’ needs well (Croft, 2003) because they have some particular
characteristics observed in classroom context. In the science classes, gifted students
interrogate and question new information (Stott & Hobden, 2016), ask challenging,
unusual, and insightful questions (Miller, 2009; Park & Oliver, 2009), learn science
concepts easier and more quickly than peers (Joffe, 2001; Manning, 2006; Miller,
2009; Park & Oliver, 2009; Taber, 2007), have perfectionist traits to complete any
works (Joffe, 2001; Park & Oliver, 2009), dislike routine, notetaking, and homework
(Joffe, 2001; Park & Oliver, 2009; Samardzija & Peterson, 2015), enjoy participating

complex, discovery, students-centered, self-discovery learning environment
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(Friddyment, 2014; Joffe, 2001; Miller, 2009; Samardzija & Peterson, 2015; Taber,
2007), and transfer effectively obtained knowledge and implement it to new
conditions (Manning, 2006; Miller, 2009; Stott & Hobden, 2016).

These above characteristics are generally appeared in science classes, and if
teachers do not present appropriate instructional strategies, materials, and activities
in the right place and right time, these characteristics turn into educational needs for
gifted students. For examples, the gifted students tended to complete all works in
perfectionist traits. However, it causes to stress, anxiety, or self-criticism, which
influence the gifted students in negative way and lead to create unsuccessful works
(Park & Oliver, 2009). Moreover, the students suffer from their stress, perfectionism,
and flexibility derived from failure of any work or social pressure especially arising
from their parents (Joffe, 2001). Another example is that the gifted students could
learn science concepts easier and more quickly than their peers in heterogeneous
groups. So, it causes the gifted students to be impatient and to get easily bored (Park
& Oliver, 2009). Therefore, it is important to note that these negative feeling or
results lead to gifted students to become unsuccessful in the regular classroom
context, and many educational needs appear for gifted students’ teachers to meet
them through appropriate and specific precautions.

In this respect, teacher education is more important and the main topic on the
agenda. Many researchers agree that teachers of gifted students require engaging in
special training programs, endorsements (Kaplan, 2012; Miller, 2009; Shaughnessy
& Sak, 2015) rather than formal training which is not sufficient for gifted students’
needs (Bangel et al., 2010; Miller, 2009; Mills, 2003). General teacher education
programs are not enough to deal with gifted student’s needs. Regarding novice
versus expert teachers, it is not important whether a teacher expert or novice to meet
the educational need of gifted students. If teachers don’t engage in a specific
professional development process, they don’t reflect a sophisticated attitude toward
gifted students, and they don’t provide effective implementations (Bangel et al.,
2010). Therefore, scholars have been in a challenge to organize and implement
teaching strategies and behavior management strategies so as to handle the needs of

gifted learners. However, majority of the teachers do not have enough knowledge
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about highly ability groups (Manning, 2006). For examples, teachers do not have an
ability to connect among characteristics of gifted students and their competencies.
The teachers do not reflect enough pedagogy including logical reasoning, creative
thinking, or productivity, and 21st century skills (Kaplan, 2012).

As regarding teachers’ professional development, Shaughnessy and Sak
(2015) explained the teachers’ professional development as following steps. Firstly,
teachers need to know the curriculum models for gifted education. However, they
don’t have enough knowledge to use effectively those models, and only few model
or technique is used such as creative development or problem solving. Secondly,
teachers should know how those curricula are adapted to regular curriculum applied
in their school context because in the gifted education literature, there is no the best
curriculum for all gifted students. Thirdly, teachers require developing their specific
pedagogies including important skills and applications or activities. And then, it is
important to design a lesson or activities by using these pedagogies.

As regarding the curriculum in Shaughnessy and Sak’s (2015) perspective, it
is not possible to separate curriculum for gifted from regular curriculum because the
students need to know general subject topics, objectives, concepts or materials. It is a
misconception to teach only skills for gifted students. The most of education
programs focus on skill development activities such as mind-bending activities,
puzzles or mind games. Those skill activities are not interrelated with mainstream
curriculum. Especially in Turkey, it is ignored to develop thinking skills, and how to
use knowledge and experience through thinking skills. Moreover, knowledge is very
important to develop thinking skills (Shaughnessy & Sak, 2015). To sum up, the
curriculum of gifted students’ education should include advance knowledge and

opportunities in which the gifted students are able to develop thinking skills.

2.4.1 Enrichment Activities or Curriculum for Gifted Students’ Education

Although experienced teachers have necessary knowledge and abilities, these
characteristics unfortunately are not enough to meet the needs of gifted students

(Croft, 2003). Effective and skillfully teachers have ability to determine students’
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needs, and handle those by using particular strategies or precautions (Pfeiffer &
Shaughnessy, 2015). In order to take the precautions in classroom environment, there
are some alternative applications such as grouping, acceleration, and enrichment.
First one is grouping technique in which advanced level talented students are
gathered in a small group, and they are asked to work together in effective way. This
technique provides students with obtaining knowledge and ability arising from their
peers. Some examples are self-contained gifted classroom, pull-out, clustered
grouping, and within class flexible grouping. Each of examples requires having
proficiency. The second one is acceleration in which the gifted students are
advanced to upper class or topics. Each class level or topic requires to be completed
some specific tasks such as using materials, completing task or assignments, or
obtaining skills and knowledge. Gifted students are able to achieve these tasks easier
and faster than non-gifted students (Joffe, 2001; Manning, 2006; Miller, 2009; Park
& Oliver, 2009; Taber, 2007). Therefore, acceleration is more effective technique for
such students. The third one is enrichment in which the gifted students are engaged
in more horizontal learning environment. Specific content or process is modified into
different level including more advanced and extend knowledge and abilities than
regular curriculum. Enrichment also provides students abilities such as analyzing,
synthesizing, reasoning, and critical thinking (Croft, 2003).

Educational opportunities for gifted education in Europe were summarized by
Sekowski and Lubianka (2015) such as precautions in the mainstream school setting,
and out of school based activities. Some of them are follows;

1. More advanced and varied activities; it is generally used in secondary

school level, and using varied instructional strategies provides the students to obtain
subject matters with more depth and extended activities. Individual or group works
are the most frequently used activities assigned as homework or class
implementations based on students’ interest. The individual interest and abilities play
important role while designing activities such as preparing a presentation about a
specific topic, helping the teacher as an assistant, or participating long-running
project. The activities generally include problem based learning providing students to

focus on individual-independent working and to encourage them to obtain
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information by using that technique. The students also get some abilities in which
they organize the knowledge and compare and evaluate the new information with
previous that. Therefore, students can creatively solve problems and develop their
curiosity.

2. Differentiated provision; it is a special educational support based on

students learning race. In addition to mainstream curriculum, particular activities are
specially designed to engage students in investigation process. In elementary level,
gifted students are educated in separated groups based on their abilities, and the
students in secondary level are attended to special school. This technique is
frequently used through in the European countries as enrichment curricula of
mathematic, informatics, or science and natural science in the direction of individual
skills of students. The teachers of gifted students are responsible for designing and
implementing related activities or applications for their students. These teachers are
called mentor teachers or experts. The teachers should also have competencies
designing enrich and challenging curricula so as the student to discover their special
powers and abilities. As a conclusion, though European countries, gifted education
have not been set in systematic education yet.

In Turkey, there are limited educational opportunities for gifted. It is the most
common applications science and art centers including different application, content
or activities that are changed from one center to another. The center curriculum is
changed based on teachers’ beliefs and experiences. Ministry of National Education
(MNE) supports to design and apply enrichment programs but it does not tend to
consider accelerations. Grade skipping is applied only the first grade or fifth grade
level, and one student can only skip the class one time. Moreover, MNE has a view
that education of gifted students in homogeneous groups lead to create elitism and
negative effect on gifted students’ development (Shaughnessy & Sak, 2015).

Although enrichment activities including inquiry, discovery learning,
problem solving, and creativity provide both gifted and non-gifted students to meet
the needs, acceleration, grouping, and highly enriched curriculum are more
appropriate for gifted students than other curricular methods (Croft, 2003). The

teachers are able to answer how much their students need to take enrichment
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activities, what degree of speed is more appropriate for the students, how much
challenges and frustration can be tolerated by the students in enrichment activities
(Pfeiffer & Shaughnessy, 2015). In order to design a curriculum differentiation, there
are five factors which teachers should have: (1) SMK or content includes concepts,
topics, reality, and ideas. They are main aims of educational system. Therefore,
teachers have to become expert in a specific content. (2) Process includes teaching
methods, activities, or questions, namely it is related to pedagogical knowledge.
Process also comprises of acting related content, interacting of students, reacting
based on students’ feedback, revising curriculum in order to meet the gifted students’
cognitive needs. (3) Curriculum models are a powerful guidance for teachers to
modify regular curriculum in a systematic way. Some examples are follows;
Renzulli’s enrichment triad model, Van Tassel-Baska’s integrated curriculum model,
or Sternberg’s Triarchic model. (4) Product includes students’ outcomes arising from
instructions. It indicates the students’ understanding related topics. (5) Environment
involves both physical environment and affective factors (Croft, 2003).
Understanding or recognizing of gifted students in science class might not be
easy because they should face challenges providing them to use special abilities. If
gifted students are supported with right time and right educational activities, they can
present exceptional performance (Taber, 2007). It is agreed that gifted students have
special needs and regular science curricula are deficient to meet these needs. “Zone
of proximal development” (ZPD) and “zone of actual development” (ZAD)
(Vygotsky, 1978) explain the differences between regular science curriculum and
needs of gifted students. ZAD provides non-gifted students to obtain targeted
concepts and abilities because evaluation criteria in regular curriculum should be at a
level lower than what an individual can learn on his own. In this zone, neither gifted
students can realize their special abilities nor do they enhance their abilities.
However, true and real developments of abilities appear in ZPD helping gifted
students reach new competencies. Within this mind, effective science teachers should
design enrich educational environment in which gifted students transfer their
learning from ZAD to ZPD. However, in school settings, students take place actively

in ZAD with regular knowledge and applications, and they rarely present learnings in
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ZDF (Taber, 2007). Therefore, they have not enhanced targeted knowledge and
abilities. The gifted students engaging in activities in ZAD are also bored with
regular science curriculum (Joffe, 2001; Park & Oliver, 2009).

To sum up, designing enrichment curriculum or activities requires the
teachers to have specific competencies, knowledge, and experience. Therefore, many
researchers agree that teachers of gifted students require engaging in a special
training programs rather than formal training which is not sufficient for gifted
students’ needs to enhance teachers’ professional developments (Bangel et al., 2010).
With this in mind, the effectiveness of enrichment programs was investigated in the
rest of this part as follows.

In order to increase the experience of pre-service teachers with gifted
students, Bangel et al. (2010) designed two special training programs for pre-service
teachers such as Saturday enrichment program and online course introducing
concepts of gifted education. The aim of the study was to enhance pre-service
teachers’ understanding of the needs of giftedness. The study included undergraduate
students who participating in gifted education course and enrolling to teach Saturday
enrichment program in elementary education program. The study had qualitative
nature, and the data were collected with interviews, classroom observations, lesson
plans, and practicum survey. The Saturday enrichment program was a practicum
experience for pre-service teachers gaining to specific experience about accelerated
and enrichment activities in mathematics, science, technology, engineering,
humanities, and arts. On the other hand, the online course was designed to teach
characteristics and the needs of gifted students over 16-week. As regarding the
results of the study, pre-service teachers believed that there was an increasing their
knowledge about characteristics and special needs of gifted students. In this respect,
online course and practicum with gifted students provided pre-service teachers with
valuable experiences. Moreover, pre-service teachers recognized a development on
their confidence level during practicum and training process in terms of general
teaching abilities and how apply these abilities into practices. The Saturday
enrichment program was more beneficial to obtain teaching experience with gifted

students than regular field experiences. And finally, pre-service teachers believed
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that the two enrichment program provided them with an authentic learning
experience. After finished the two enrichment programs, pre-service teachers
believed that they gained valuable knowledge and abilities such as classroom
management, curriculum development, parental relations, and other general skills.
These knowledge and abilities are related to general pedagogical knowledge of a
teacher. However, a real teaching appears in real teaching practices in which pre-
service teachers have to use their PCK and components. In this respect, we can
analyze the pre-service teachers’ effectiveness to teach any concept of topics to
gifted students. However, this study did not involve the teachers PCK. In this study,
authors stated that special teacher training programs should be designed for pre-
service teachers to enhance their general pedagogy and professional knowledge. In
here a question arises from this study. Is the enrichment program enough for pre-
service teachers to meet the needs of gifted students without focusing of teachers’
PCK?

In the school settings, enrichment activities are designed to provide the gifted
students with effective school programs. Therefore, Aljughaiman and Ayoub (2012)
investigated the effect of enrichment program on elementary gifted students. They
designed an enrichment program based on successful intelligence theory which refers
that gifted and talented behaviors derive from in a combination of analytical,
creative, and practical abilities. Thus, the researchers aimed to increase the students’
analytical, creative, and practical abilities by using an enrichment program.
Analytical abilities are considered as a component of intelligence processing helping
to gain information through analyzing, evaluating, comparing and contrasting or
making judgments related phenomena. Moreover, creative abilities involve that one
reflects insight, intuition, or forming new products or novel explanations. The last
components of practical abilities are a combination of creative and analytical abilities
that practice effectively into daily life situations. In this respect, the study defined
gifted students that ones are able to balance on combination of these above abilities
and application of them into daily practical situations. This study had a quasi-
experimental design including pre-post measurements with experimental (20 gifted

students) and control groups (22 gifted students). The participant students were 5
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and 6™ grade elementary gifted students who were selected by using the ability test
having criteria of the top 5%, and students’ general achievement tests scores on the
top of 90%. The experimental treatment included three enrichment units and each
unit had three sub-units in order to enhance students’ analytical, creative, and
practical abilities over the six weeks. The results of the study explained that there
were no significant differences among pre-test scores of two groups but significant
differences among groups appeared in terms of analytic and creative abilities. On the
other hand, there was no significant difference between experimental and control
groups in terms of practical abilities. As a result, the enrichment program aiming to
enhance the gifted students’ analytic, creative, and practical abilities was only
beneficial to increase students’ abilities in terms of analytical and creative. On the
other hand, practical abilities of participants were not enhanced by the enrichment
program. The authors suggested that special attention and more robust activities
should be used in enrichments program to enhance students’ practical abilities.
Finally, the enrichment program was not successful to develop three abilities in an
equal and sufficient way. The study results can be interpreted based on Vygotsky’s
(1978) view of “Zone of proximal development”, and Renzulli’s (1999) definition of
giftedness. The enrichment programs in this study were not able to reach the students
to enhance their practical abilities requiring some challenging and advance work for
the gifted students similar to activities in zone of proximal development. True and
real developments of abilities appear in ZPD helping gifted students reach new
competencies (Taber, 2007). On the other hand, Renzulli (1999) defined two types of
giftedness: (1) “lesson-learning” or "schoolhouse" giftedness and (2) “creative
productive” giftedness. The first group of students presents high level of
achievement on cognitive skills, and there is significant correlation between these
giftedness and school achievement. Moreover, regular curriculum materials are
enough for these students to show their performance. However, the type of students
is creatively productive giftedness that has specific abilities to design or development
of original ideas, knowledge and abilities, products, or artistic expressions. These
group of students need to obtain learning situations including creative and practical

skills. The enrichment programs in this study could be designed in a complexity level
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based on lesson-learning” or "schoolhouse" giftedness, thus, the participant students
did not reach the behaviors on the level of practical abilities.

The large number of scholars agreed that gifted students need to further
supports in addition to regular science curriculum (Renzulli, 2012; Winstanley,
2007). Enrichment curriculum is an effective approach to meet the needs of those
students. An example of additional support was designed by Calikoglu and Kahveci
(2015) to investigate the effectiveness of enrichment curriculum including depth and
complexity in the science curriculum. The aim of the study was to determine their
differentiated science curriculum effect on 5" grade gifted students. It was
experimental study involving pre-post measurement in two groups such as control
and treatment group offered to depth and complexity enriched curriculum. The
authors used three set of scales such as academic achievement test based on the topic
of “Exploring and Getting to Know the World of Living Things”, scientific process
skills test, and scale of attitudes toward science education to gather data. The
treatment “depth and complex science curriculum” were applied over four weeks
including two 40-minutes class time. Regarding result of first academic achievement
test, there was a significant difference between pre-test and post-test in treatment
group, namely, the students score increased after treatment. However, in control
group, there was no significant difference. Moreover, achievement post-test scores of
treatment group differed significantly from control group’ scores. Regarding to
students’ science process skills, similar results appeared with achievement scores. In
other words, post-test results of science process skills significantly differ from pre-
test score in treatment group, and not significant result was found between pre-test
and post-test in control group. There was also difference between treatment and
control groups test scores in favor of treatment group. Regarding of the attitude
toward science education, comparing pre-test with post-tests, similar results with
previous scale scores were found, namely, there was significantly difference between
pre-test and post-test results in both treatment group and control group’s attitude
scale, in favor of post-test. However, no significant differences appeared between
control and treatment groups. To sum up, enrichment program including depth and

complexity science curriculum increased the gifted students’ achievement scores,
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science process skills, and attitude toward science education. Well-designed
educational supports or such attribute can help gifted students to enhance knowledge
and abilities through engaged them in challenging situation similar to zone of
proximal development (Vygotsky, 1978).

Newman and Hubner (2012) conducted a study to determine the influence of
Summer enrichment workshop (SEW) designed by using partnerships of team
including engineering, gifted and talented faculty members, and two middle school
science teachers. Engineering professors helped to increase the challenge of science
mini-courses. The aims of the study were to investigate the teachers’ perception
about their competencies and confidence after SEW, and how challenge of mini-
courses was raised by the engineers. Mixed method design was used to employ the
study. The participants of the study included two science teachers having 5 and 13
years of experience with gifted students in pull-out program, resources room
situations. The data were collected by surveys, lesson plans, observations, interviews,
teachers’ written reflections, students work samples, and researchers field notes.
Results of the study indicated that the partnership team was able to achieve the
increase the challenge of science mini-courses. This study also presented evidence
that teachers having strong SMK and instructional knowledge are the most effective
factor in teaching science. Moreover, university staffs provided two teachers with
improving of content challenge during planning stages. Working with faculty
professors increased both teachers and students’ motivations toward science learning
and activities including conducting and investigating researches, and solving
problems. Moreover, teachers gained important knowledge and skills by engaging in
the partnership team. Professors helped the teachers facilitating as mentor, assistance,
giving feedback, reflections to design and implement inquiry based science and
problem solving teaching. Thus, this supports enhanced the teachers’ SMK and PCK.
Also the teachers believed that the mentoring of professors and other facilities
enhance the teachers’ competencies and confident in designing, implementing,
managing students’ learning. To sum up, after SEW, the participant teachers gained a

valuable experience in terms of improving the challenge level of science content,
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designing and delivering that content by using appropriate instructional strategies,
and encourages to increase competence and confidence to teach science.

Kim (2016) conducted a meta-analysis about the influence of enrichment
programs on gifted learners. The aim of the study was to evaluate the studies
between 1985 and 2014 years, and including enrichment opportunities for gifted
students in terms of socioemotional development and academic achievement. The
enrichment curriculum was called that in order to enhance gifted students’ skills and
conceptual understanding, teachers change, modified or redesign regular curriculum
to generate a new curriculum or activity including more enriched and deeper
concepts, topics, or materials. The enrichment programs were investigated in
following criteria; designing educational supports beyond mainstream class
activities, applied over the school year or summer, and designing to support gifted
students. In this respect, 26 studies having enough parameters such as effect sizes (13
are related to academic achievement, and 16 are socioemotional studies) were
employed in this study. According to the results of study, the enrichment programs or
curricula have a positive effect on gifted students’ both achievement and
socioemotional outcomes. Regarding achievement scores, grade levels (elementary,
middle school, and high school) of effect sizes significantly differed from zero and
the enrichment programs had the most effect on high school gifted students and at
least effect on elementary school students. On the other hand, summer school
enrichment programs had the most effect size than other programs such as academic
year programs, Saturday programs or combination of summer and academic year.
Regarding socioeconomic outcomes, the middle school students’ effect sizes were
the biggest value, and at least effect appeared among high school gifted students.
When looking at program types of enrichment programs, the largest effect size
appeared in summer residential programs, and then, academic school years’ program
had bigger effect size than summer day programs. To sum up, summer school
enrichment programs had the most effect on students’ both achievement and
socioemotional outcomes.

As a conclusion, as we know that gifted students need to get additional

educational facilities so as to recognize and to enhance their special abilities.
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Therefore, enrichment programs are designed for gifted individuals to meet the
special needs. In the literature, enrichment programs generally have positive affect
both students’ and teachers’ perspective (Heath, 1997; Johnsen, et al., 2002) such as
achievement and socioemotional outcomes (Kim, 2016), teachers’ and students’
motivation toward science, teachers’ confidence to design and implement for
enrichment activities (Newman & Hubner, 2012), students’ achievement, science
process skills, and attitude toward science (Calikoglu & Kahveci, 2015), students’
analytical and critical abilities (Aljughaiman & Ayoub, 2012), and teachers’
knowledge and perceptions of gifted students (Bangel et al., 2010).

2.4.2 Teacher Knowledge of Characteristics of Gifted Students

In order to enhance the teachers’ professional development for gifted
students, educational supports have been designed and implemented nowadays such
as certification programs, undergraduate courses, summer schools, etc. The content
of these programs should include teachers’ academic and pedagogical competencies,
and knowledge of the nature of the giftedness (Kaplan, 2012). In this respect,
knowledge of the nature of giftedness plays the important role while designing and
implementing of enrichment programs. Therefore, effective and skillfully teachers
have ability to determine students’ needs, and handle those by using particular
strategies or precautions. The teachers are able to answer how much their students’
need to take enrichment activities, what degree of speed is more appropriate for the
students, and how much challenge and frustration can be tolerated by the students in
enrichment activities (Pfeiffer & Shaughnessy, 2015). In this respect, the part of this
study explained the studies related to teachers’ knowledge of characteristics of gifted
students.

The first study was conducted by Samardzija and Peterson (2015) to
determine the gifted students’ learning and classroom preferences. With this study,
they aimed to understand students’ preference for learning and what classroom
characteristics students concern during their learning. The study method was a

qualitative nature with 23 eight grade gifted students who were engaging a special
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curriculum in the middle school. The data were collected only by individual
interviews. As regarding the data results, the participant students identified three
factors teachers should have such as teachers’ competence, concern, and personality.
Regarding of teachers’ competencies, the authors separated two sections of teachers’
competencies such as in control related to classroom management and professional
credibility related to ethical working, teachers’ appearance. Regarding of teacher
personality, many of the students agreed that teachers should reflect helpful,
enthusiastic, calm and good-humored behaviors. On the other hand, the students
expressed their views about learning environment as engaging in complex learning
process. Most of the students tended to engage in activity oriented learning. These
activities also should include variety enriching by different techniques or topics.
They did not like taking notes and doing same things in every day. According to the
students’ learning style, they rated learning styles as visual, kinesthetic, and auditory
but the rate of auditory was low. Hands-on activities or lab works for kinesthetic
provided the students to gain permanent learning. Moreover, group works and
independent studies were preferred by the students. In English classes, the gifted
students tended to join more discussion than paper-pen activities.

In this regard, researchers focused on some educational needs of gifted
students while designing any enrichment programs such as type of activities, learning
styles, teachers’ personalities, or students’ concern. These factors are very important
in addition to teachers’ SMK in order to provide effective learning environment. The
next study is supported to previous one. According to evidence based research
conducted by Mills (2003), educational supports such as formal training or
certification programs might not be enough to develop teachers’ professional
competencies for gifted students due to the fact that those educational attempts
generally include SMK on a specific domain. However, some personal or cognitive
characteristics should be considered while designing training programs. Teachers
should develop their cognitive styles in different way or have varied kinds of
teaching styles in order to handle situations where gifted students need to use
different learning strategies or styles. It is also important that teachers are able to be

aware of their students’ characteristics, learning styles or etc., and what factors
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distinguish gifted students from their peers. As a result, although majority of teachers
have advanced degree of teaching experience, few teachers have an experience
arising from formal training for gifted students (Mills, 2003).

Another study was conducted by Stott and Hobden (2016) to understand the
nature of gifted students in terms of their learning strategies. The participant student,
who was 14 years old, engaged in enrichment and acceleration program. The study
method was a case study in qualitative nature. The data were collected by field notes,
journal entries, interviews, and critical incidents. According to the results of the
study, participant student did not accept teacher explanations easily and he was in a
position interrogating and questioning new information. This strategy was called as
“Interrogating Information”. Second one was “Thinking It Through” in which the
student tried to change the features of a situation in order to understand more deeply.
In other words, he modified the knowledge and compared it with his preexisting
knowledge. The last strategy was “Linking and Organizing” in which he connected
new information to preexisting knowledge. He could analyze the relationships among
knowledge in the activities first, then he could change or make the connections
strong among it. Finally, he could transfer and apply it to new situations. In this
study, the authors determined a gifted student’s learning strategies during the long
term observation, and they offered valuable information for someone who aims to
design and implement enrichment program or activities.

The projects or training programs are very beneficial with regard both
students and teachers (Aljughaiman & Ayoub, 2012; Bangel et al., 2010; Calikoglu
& Kahveci, 2015; Newman & Hubner, 2012; Kim, 2016). After developing a
training program, Johnsen et al. (2002) reported that the teachers’ abilities increased
and there were significant changes appeared by the teachers in their classroom
practices from little adaptation to more adaptation for gifted students. Following
factors affected the classroom changes such as; teachers’ positive attitude toward
training program, well-design project, freedom to choose goals and purposes,
mentoring, and leaderships supports, effect of students.

Designing a teacher professional development was appeared in Fiddyment’s

(2014) study to investigate teachers’ attitude toward enrichment clusters. Two gifted
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teachers participated in enrichment clusters group setting. After training, both
teachers had positive attitude toward enrichment clusters. The needs to design for
enrichment clusters are time and money, teachers’ professional competencies
(theoretical and practical experiences), students-centered classroom setting, students’
interest.

The studies reviewed until now investigate teachers’ perceptions and
knowledge of gifted students, competencies of designing enrichment activities, or
characteristics of gifted students. However, these studies do not emphasize the
teachers’ knowledge bases such as SMK, general pedagogical knowledge or PCK.
The closest studies having PCK criteria but not all PCK components are to explain in
the next two studies.

The first one was conducted by Park and Oliver (2009), and the aim of this
study was to investigate the effect of gifted students on teachers teaching. Gifted
students have some special characteristics, which cause particular instructional
challenges for teachers. In this regard, the authors aimed to determine what
instructional challenges are appeared by the gifted students in the science classes,
and how the instructional challenges affect the teachers’ KolS. This study involved a
qualitative nature with three chemistry teachers working in homogenous or
heterogeneous gifted students’ classroom. The data were collected by multiple data
tools such as interviews, classroom observations, lesson plans, teachers and students
work examples. Findings were grouped in two parts in the study. First part,
instructional challenges were determined to analyze the characteristics of gifted
students appearing into science classroom. There were many pedagogical difficulties,
and the authors stated that the characteristics of gifted students led to those
difficulties. For example, asking challenging questions, the gifted student asked to
unusual and insightful questions, and some of them were out of teachers’ content
knowledge but they were not nonsense questions. Another example was related the
pace of their learning. The gifted students could learn science concepts easier and
more quickly than their peers in heterogeneous groups. So, it caused the gifted
students to be impatient and to get easily bored. This characteristic also appeared in

homogenous groups because gifted students had different learning approaches.
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Moreover, the gifted students tended to complete all works in perfectionist traits.
However, it caused to stress, anxiety, or self-criticism, which influenced the gifted
students in negative way and led to create unsuccessful works. Another characteristic
of gifted students was to dislike routine, notetaking, and homework. They liked to
engage in complex works whereas others were considered as busywork. They also
reflected a feature in which teachers or peers were criticized by the gifted students
when they failed to complete a work. This characteristic created a problem when
they engaged in a group work in which the gifted students tended their peer to
achieve similar performance as they did. The last characteristic occurred among
gifted students as being quiet during class. Their peers were aware of the gifted
students’ performance arising from cognitive, social, or emotional, so the gifted
students were subjected to teasing or verbal abuse. So as to handle those peers’
pressures, they did not engage in teaching activities. To sum up, teachers faced the
pedagogical difficulties arising from above the characteristics. In this respect,
teachers must develop some precautions (instructional strategies developed by
teachers are related to second part of findings) in order to handle those difficulties.
First one was instructional differentiation providing the students to engage in a
learning environment their own pace. Especially thematic units were used by
teachers when they faced the difficulty driven from students’ intellectually
performance than peers. The units included learning activities where all the students
gain better understanding about related core concepts. Moreover, teachers designed
inquiry learning environment in which the students were able to work with real life
problems, and to find out the solutions of the problems in involving each student’s
pace and ability. The second instructional strategy was to use variety in instructional
strategies and alter students’ assignments. In order to overcome the needs of gifted
students, teachers arranged their teaching by facilitating demonstrations, discussions,
and technological-assistant instruction, simulations, or lab works. Moreover,
students’ products or assignments were designed their special abilities, such as
written, visual, performance, or oral forms. These products also provided students to
enhance special abilities. The third instructional strategy was to create group works

and provide peer learning. Especially, the strategy was used in heterogeneous group
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in which gifted students could learn to be patient and non-gifted students could
enhance their knowledge and abilities by facilitating gifted students’ help. The fourth
strategy developed by the teachers to meet the gifted students’ needs was to provide
individualized supports. The fifth strategy was to offer challenging questions. The
sixth one was to overcome perfectionism, in which the teachers helped the gifted
students were aware of their deficiencies about related concepts or applications, and
to be designed accessible aims. The last strategy was to create a psychologically safe
classroom environment so as to overcome the pedagogical challenge arising from
non-gifted students’ teasing or verbal abuse. As a result, this study showed that the
classroom having gifted students needs to meet some special pedagogical challenges,
and the teachers were able to generate their instructional strategies based on the
students’ characteristics. Thus, science teachers require to know content-specific and
students-specific instructional strategies because they have gifted students who gain
science concepts varied instructional strategies different from each other.

Another study was conducted by Joffe (2001) to determine characteristics of
gifted students, and educational needs. Case study method was used and one
classroom teacher working with fifth grade students was selected. The teacher did
not have any educational background about gifted students’ education or their
characteristics. Thus, the second aim of this study was to observe the teachers’
pedagogical development process. The teacher also had six months teaching
experiences with gifted students, and the teacher followed regular curriculum but
science and social classes were used to design enrichment activities or academic
strength. The data were collected by using interviews. According to the finding, the
author grouped the characteristics of gifted students under three titles such as social,
emotional, and academic. In the first category, the students were in a competitive
position in classroom environment. The second group was emotional characteristic.
The teacher experienced the students’ stress, perfectionism, and flexibility derived
from failure of any work or social pressure especially arising from their parents.
When the students could not deal with the failure, they felt burned out or frustrated.
The third group was academic characteristic including students learning pace,

students’ attitude routine, and students’ self-discovery. The students’ learning pace
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was generally a concern for teachers because the students were getting bored when
they faced slow pace content. So they had a negative attitude toward it. They were
also bored to engage in routine works and they could change related works or
activities spontaneously. The students tended to participate in discovery learning
activities because they felt that they had a potential different from others, and they
were able to discover related things. However, the students’ creativity did not appear
in all the students. The students also asked so many questions and were able to
discuss with the teacher and peers. Thus, this characteristic provided the teacher with
designing student-centered learning environment. The teacher specially emphasized
that the activities including inquiry skills were more appropriate for those students.
As regarding the teacher’s decision making process, objectives in curriculum were
considered as first goal and purposes and then, to enhance students’ creativity. As
regarding enrichment activities, the teacher accelerated or enriched science
curriculum effectively because the teacher was a classroom teacher and had a
flexible curriculum. The teacher started the enrichment to determine the students’
prior knowledge and abilities, and students learning styles shaped the activities such
as trying out, changing, and modifying instructional strategies. Finally, the teacher
“Susan” suggested that gifted students should engage in a learning environment
having some characteristics meeting the need of gifted students such as learner
centered and independence, complex content, group working, and high
communication with their peer and teacher.

Two studies mentioned above provided the most of the information about the
effects of gifted students and their characteristics on teachers’ pedagogy identified
only in terms of teachers KolS. Finally, following two studies focused on
characteristics and competencies of gifted students that were explained in terms of
teacher and student perspective respectively.

Chan (2001) conducted a study in order to determine teachers of gifted
learners’ perception of characteristics and competencies of effective teachers. The
participant teachers included 50 teachers having from 1 to 30 teaching experiences in
primary and secondary teaching setting. 15 of them had being worked with gifted

learners but all the teachers did not take any formal education about gifted students.
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The data were collected by a check-list involving 25 characteristics and 14
competencies of teachers. According to the findings of the study, teachers believed
that teachers for gifted learners should have specific characteristics such as
Imaginative, knowledgeable, flexible, innovative, motivated, self-confident, and
dealing with learner characteristics, which were most rated characteristics by the
teachers. On the other hand, teachers rated at least characteristics that a teacher
should have as “being highly intelligent, less critical more approachable, cooperative
with other personnel, and having control over one's personal life” (Chan, 2001,
p.199). Regarding teacher’s competencies, the teachers attached the most importance
to following competencies; effective teaching activities including creativity and
problem solving abilities, and designing enriched curriculum and materials. On the
other hand, the teachers rated some competencies which were at least importance for
gifted learner as participating career education and helping other teachers to enhance
their knowledge and abilities for gifted learner. Moreover, the author analyzed the
effect of teachers’ gender, school levels, and experiences on the teachers’ opinion
about characteristics and competencies for gifted learners. And then, he did not find
out any significant differences above variables.

After ten years, Chan (2011) supported to previous study with student
perspective of characteristics and competencies of teachers of gifted learners. He
applied same check-list including 25 teacher characteristics and 14 teacher
competencies to 617 gifted students who engaged in enrichment programs in primary
and secondary grade levels from 3 to 10. According to the results, the students rated
teacher characteristics in the mean ranging from 3.23 to 4.19, and teachers’
competencies in the mean from 3.38 to 4.20 (check-list was rated in 5 likert scale
from 1 (not at all important) to 5 (most important)). In doing so, all competencies and
characteristics were considered as relatively important. The students selected less
important teachers’ characteristics as teachers’ personal attributes including having
highly intelligence, knowledge, highly achiever. On the other hand, the students rated
teachers’ competencies as less important such as determining gifted students,
participating career education or giving consultative services for other teachers.

However, the competencies considered as the most important were related to
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teaching and learning activities including creativity and problem solving abilities,
and designing enrichment curriculum and materials for gifted learners. As a results,
when comparing Chen’s (2001; 2011) works, the mean of the students’ results (3.23
to 4.20) were more concerned about their education than the mean of the teachers
(2.84 t0 4.52).

To sum up, previous two studies provide valuable information about the
characteristics and competencies of teachers working with gifted students. Chen
investigated those competencies and characteristics in terms of (2001) teachers’
perspective and (2011) students’ perspective, and both studies show nearly parallel
results in order to enhance gifted students’ knowledge and abilities. As regarding
pedagogical perspective, Park and Oliver (2009) and Joffe (2001) provide science
teachers education with valuable information about teachers’ KoIS. More previous
studies reviewed in this part are related to determination of characteristics of gifted
learners, teachers’ competencies, concerns, students’ learning and classroom
preferences, etc. (Fiddyment, 2014; Johnsen et al., 2002; Mills, 2003; Samardzija &
Peterson, 2015). These kinds of studies are very superficial in terms of teachers’
PCK, and science teachers of gifted students’ literature needs to investigate more
evidence based research focusing on teachers” PCK in topic-specific nature (Park &
Oliver, 2009). Moreover, there are many unanswered questions about teacher’s
professional knowledge due to the fact that gifted students require to be handled their
needs in classroom context. In order to design a differentiation classroom
environment, it requires using deep and extra information, high thinking skills,
uncommon subjects, experience, more speed, self-directed learning, which are
competencies for effective teachers (Croft, 2003). In this respect, these questions
appear how teachers gain those competencies, how they design and implement
differentiation educational supports, and how gifted learners affect the teachers PCK.
The teachers’ of gifted learners’ education has not yet replied those questions

explicitly.
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2.5 Conceptualization of PCK for this Study

This study framed a theoretical construct of PCK model offered by
Magnusson et al. (1999) including five components; (1) science teacher orientation,
(2) knowledge of curriculum, (3) knowledge of learner, (4) knowledge of
instructional strategies, and (5) knowledge of assessment. However, science teacher
education literature suggests some different sub-components. For example, the
horizontal and vertical relations of knowledge of curriculum were suggested by
Grossman (1990) and Aydin (2012) that these sub-components should be added to
knowledge of curriculum in topic-specific PCK studies. Another suggestion was
offered by Friedrichsen et al. (2011), and they explained science teacher orientation
under three sub-components; goals and purposes of science teaching, general views
of science teaching and learning, and nature of science. | added the first two sub-
components such as goals and purposes of science teaching, and general views of
science teaching and learning to the PCK conceptualization whereas another sub-
component “nature of science” was not integrated into study. According to my pilot
study, I investigated the teacher’s belief about nature of science but I did not collect
any explicit teaching segment. Moreover, in the literature, some specific studies
investigated teachers’ STO in terms of nature of science aspect in Turkish context
and their participant teachers did not use or present any teaching and activities
including nature of science aspects (Boesdorfer & Lorsbach, 2014; Demirddgen,
2016; Ekiz Kiran, 2016; Schneider & Plasman, 2011). Therefore, I did not include
teachers’ belief about NOS into my study.

In addition to sub-components of science teacher literature, gifted students’
education suggests some teacher’s knowledge and competencies such as knowledge
enrichment curriculum (Croft, 2003; Joffe, 2001; Park & Oliver, 2009; Pfeiffer &
Shaughnessy, 2015; Renzulli, 1999; Taber, 2007) and knowledge of characteristics
of gifted students (Johnsen et al., 2002; Kaplan, 2012; Mills, 2003; Park and Oliver,
2009). Teachers of gifted students should identify and know their students’
characteristics such as learning approaches, learning pace, level of comprehension,

critical thinking levels, etc. and then, the teachers are able to design enrichment
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activities or programs for gifted students. Each of them requires some knowledge,
competencies, and abilities for the teachers. Therefore, |1 added knowledge of
enrichment curriculum into KoC, and knowledge of characteristics of gifted students
into KoL. To sum up, after integrated sub-components above mentioned, modified
version of Magnusson et al.’s (1999) PCK model (as illustrated in Table 2.2) was
used as conceptual and analytic framework of the present study. Moreover, data

collection tools were developed, and the data were collected based on that model.

Table 2.2. PCK Components and Sub-Components Integrated in This
Study

Magnuson et al.’s (1999) PCK New integration of sub-

Components
model components

*Goal and purposes of Science
teaching

STO *General views about science
teaching and learning.

*Knowledge of goal and Knowledge of enrichment
objectives curriculum
KoC » Knowledge of specific program Horizontal and vertical

relationships.

* Pre-requirement knowledge Knowledge of

* Learning difficulties characteristics of gifted
KoL - )

* Alternative conceptions. students.

* Subject-specific
KolS * Topic-specific

* How to assess
KoA
* What to assess

In the PCK literature, there are some definitions of PCK, and researchers use
and interpret the nature of PCK in a variety of meaning (Gess-Newsome, 2015; Park
& Oliver, 2008). This variability arises from characteristics of students, subject
matter knowledge, contexts, or pedagogical knowledge (Loughran et al., 2006). In
this respect, nature of PCK is composed of some factors such as subject specific,

topic-specific, teacher-specific, and context specific. Each factor has an effect on
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teachers’ PCK (Magnusson et al., 1999). Moreover, teacher’s beliefs systems and
teacher’s efficacy affect teachers’ PCK (Park & Oliver, 2008). With this in mind, it is
difficult to consider all these factors to engage in a study, so we have to limit “nature
of PCK” in this study. Following definition represents the nature of present study.

PCK is a set of knowledge including teacher’s purposes and goals, concepts,
rich curriculum materials and abilities how a teacher plan, adapt, and practice/enact
his knowledge to a group of gifted students to provide understanding subject matter
and enhance special abilities by using appropriate instructional strategies and
assessment techniques.

In this definition, Magnusson et al.’s (1999) PCK model and its components
are integrated with topic-specific in nature. Also the context of study includes 12
gifted students in a private middle school. On the other hand, teacher’s beliefs

systems and teacher’s efficacy were not considered in the present study.
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CHAPTER 3

METHODOLOGY

In this chapter, methodological issues were clarified in detail. Before
describing the method of inquiry, the research questions were listed as follows:

1. What is the nature of PCK of gifted students' science teacher in teaching
the topics of work/energy, simple machines and friction force?

a. What is the nature of gifted students’ science teacher’s knowledge of
orientation to science teaching in teaching the topics of work/energy, simple
machines and friction force?

b. What is the nature of gifted students’ science teacher’s knowledge of
curriculum in teaching the topics of work/energy, simple machines and friction
force?

c. What is the nature of gifted students’ science teacher’s knowledge of
learner in teaching the topics of work/energy, simple machines and friction force?

d. What is the nature of gifted students’ science teacher’s knowledge of
instructional strategy in teaching the topics of work/energy, simple machines and
friction force?

e. What is the nature of gifted students’ science teacher’s knowledge of
assessment in teaching the topics of work/energy, simple machines and friction
force?

2. How do PCK components interplay in teaching the topics of work/energy,
simple machines and friction force?

a. How do PCK components interplay in the lesson planning while teaching
the topics of work/energy, simple machines and friction force?

b. How do PCK components interplay in the classroom practices while

teaching the topics of work/energy, simple machines and friction force?
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The aim of this study was to examine the nature of the topic specific teacher's
PCK in planning and classroom practicing while teaching three different topics.
Thus, the qualitative research provided more detailed information about the teacher's
ideas and practices. The following titles explained the qualitative research process in
detail.

3.1 Research Design

In order to find out the answer of what and how questions which are the
research questions of this study, qualitative research design is an appropriate way
(Frankel & Wallen, 2009; Yin, 2009). Qualitative researchers seek out explanation of
socially connected phenomena (Denzin & Lincoln, 2000), and qualitative research
stresses attempts to explain scientifically or artistically, to discover inductively or
deductively, and to search nature of reality in detail (Graue & Karabon, 2013).
Qualitative research is an alternative to look for complex social phenomena in the
natural environment (Marshall & Rossman, 1989). Qualitative researcher is an
instrument and he/she has an opportunity with first-hand experience of obtaining data
from participants (Patton, 2002).

As the nature of teacher's PCK, there are complex teacher's knowledge,
abilities, and behaviors in the classroom context. Teachers reflect their abilities or
knowledge in various form of interaction (teacher-student and student-student). In
order to understand teacher's PCK, methods are required to be used which allow the
researcher to gain first-hand experience for investigation of teaching environment.
For this purpose, qualitative research has been suggested by many researchers (Abell,
2008; Baxter & Lederman, 1999; Magnusson et al., 1999) and it has been used in the
teacher's PCK researches (Aydin & Boz, 2013; Friedrichsen & Dana 2005; Loughran
et al., 2004; Nilsson, 2008; Park & Chen, 2012; Park & Oliver, 2008; Park, Oliver, &
Hall, 2008).

As the nature of teacher's PCK, each teacher is a case to be examined in the

teaching process (Shulman, 1987). Since teacher's PCK is affected by content
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knowledge, pedagogical knowledge, and context; students and their characteristics,
school, laboratory, each factor should be analyzed to obtain detailed information.
Therefore, case study methodology is more appropriate approach to examine
teacher's PCK. Case study is a methodology that finds the answers to questions as to
how we do research using different type of methods; interview, observation, etc.
(Graue & Karabon, 2013). Case study helps form a holistic and meaningful
explanation of real life situations by obtaining information from individuals or
groups (Yin, 2009). Case study also explains the causal relationships among
individual behaviors which are more complex for surveys and experimental
strategies. Another contribution of case study is to describe an intervention in real
life conditions and to explain conditions with examples such as interaction of PCK
components (Yin, 2009).

In this study, in accordance with the aim of the study, single-case design was
selected and the case was identified as a middle school science teacher working with
gifted students and teaching three physics topics including work/energy, simple

machines and friction force.

3.2 Participants of the Study

The aim of this study was to examine PCK of a middle school science teacher
of gifted students and single case design was used to complete the study. Because the
case study is a bounded system, the possibility of shifting focus of study is
eliminated. Thus, purposive sampling is a more appropriate technique to determine
bounded system of the study (Fraenkel & Wallen, 2009; Merriam, 2009). The
rationale for using purposive sampling is to help access information-rich cases in
order to obtain detailed analyses from the case (Patton, 2002).

In this study, a middle school science teacher was selected by using purposive
sampling as the participant who works in a private school in Ankara. Table 3.1
shows background information about the participant of the study. The first step to

start using purposive sampling is to specify selection criteria which reflect the aim of
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the study and guide the formation of the case for obtaining enriched data (Merriam,
2009). Considering the literature on science teacher's PCK and the aim of the study

led the way to determine selection criteria.

Table 3.1. Information about the Participant of the Study

Gender Female

Bachelor’s degree and
graduation

Physics /Arts and Science Faculty

Master degree and graduation  Physics/ Solid-State Physics

Certificate of education Pedagogical formation /three semesters

One year with regular middle school students

Teaching experience (in years)
Two years with middle school gifted students

In accordance with the aim of the study, first criterion was teacher experience
with gifted students. Due to fact that gifted students were not widely recognized
everywhere and were not common type of the students (Bélanger & Gagné, 2006;
Gagné, 2004; Gilman, 2008; Marland, 1972), it was difficult to find the participant
science teacher having experiences with gifted students. In addition, gifted students
learning in homogenous classrooms were rare. There were few science teachers, who
are responsible for teaching gifted students in Ankara, but they refused to contribute
to the study as a participant or their school managers did not allow the study to be
conducted in their schools. There were also some science teachers and schools
outside of Ankara but it was difficult for the researcher to conduct this study
successfully outside of Ankara because of transportation cost, time, and schedule of
the participants. Another difficulty of the conducting the study in the different school
outside of Ankara arisen from possible teachers’ weekly teaching schedules. Due to
the nature of PCK studies, the data obtained from participants and their teaching
activities must be simultaneously collected by the researcher considering context and
science topic taught. Weekly teaching schedules of teachers would overlap with the

other teachers' schedules because one teacher would be observed four class hours in a
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week. If the schedule of a teacher spread over the all days of the week (ex, one class
hour in a day; Monday, Tuesday, Thursday, or Friday), it would be difficult for the
researcher to collect data from different teachers in the present study.

In Ankara, there are two centers named science and art center where gifted
students are educated to realize and enhance their special abilities. The teachers in
the center were not appropriate participants for this study because the context of
centers was different from those of compulsory middle school classrooms. The
teaching skills of science teachers are affected by the school context (Loughran et al.,
2006; Park & Oliver, 2008) so the center context would not be appropriate to support
the present study. The first reason why the teachers in this center were inappropriate
was that the centers have different goals and purposes from compulsory education in
terms of science curriculum, teaching science orientation, assessment, and classroom
context. Secondly, the centers' curriculum and materials are prepared based on
students' abilities and so each teacher might give different activities and contents to
their students. Thirdly, science classes in the centers were heterogeneous in terms of
students' age (from 11 to 14). Finally, in the centers, science teachers may not reflect
their PCK components as a whole. For example, knowledge of assessment
component was not considered by the teachers as much as those in compulsory
education. For that reason, some components would not be analyzed to determine
PCK components’ interaction and conducting the study in the centers was
inappropriate situation for the aim of the present study.

Due to shortage of science teacher for gifted students and the limitations
listed above the prospective participant became as a unique, inaccessible, and
atypical. In such cases, a single case study can be selected to obtain detailed and
valuable information from the phenomenon of interest (Creswell, 2007; Merriam,
2009; Yin, 2009). Therefore, this study deployed a single case design including a
science teacher who was responsible for teaching three physics topics to gifted
students.

The second criterion was teachers’ experience in real classroom environment.
Science teacher's PCK literature stresses that pre-service teacher does not have as
strong PCK as that of experience teachers (Abell, 2008; Schneider & Plasman, 2011;
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Shulman 1987) because pre-service teachers don't have enough teaching experience
in the real classroom setting. In order to obtain enriched information, it was ensured
that the participant teacher should have practiced in real classroom setting to middle
school pupils. For this reason, the participant teacher had 3 years of teaching
experience at the time of this study (one year with middle school non-gifted students,
and two years with middle school gifted students). She was also in induction period
for gifted students. Induction years of a teacher refers “the first three years of
teaching” (Paese, 1990, p.159) and she has gained her first professional development
in this period. She has also gradually experienced how the particular science topics
were taught, and how the needs of gifted students were met. Moreover, she
participated in some in-service training activities such as introduction of the

characteristics of gifted students and argumentation teaching method.

3.3 The Subject Matter and Topics Selection

The case of the study included three physics topics namely work/energy,
simple machines and friction force. Physics was selected as a subject matter because
the participant teacher graduated from physics department. It was assumed that the
teacher has strong SMK and she combined SMK with general pedagogical
knowledge successfully while teaching the three topics. According to the science
teacher’s PCK literature, strong SMK can support development of PCK (Abell, 2007;
Magnusson et al., 1999), and SMK and general pedagogy are an integral part of
teaching (Shulman, 1986). Therefore, it was expected that the participant teacher
reflected SMK skillfully in order to become more responsive to the needs of gifted
students confronted with difficulties in learning the science concepts.

PCK is considered as a paradigm for researchers and each study has tried to
complete a part of the puzzle (Abell, 2008). A science topic can be a part of the
whole required to study by the researchers. There are different studies related to
teachers’ PCK in terms of their aims, topics, and subjects for example, biology topics

(Cohen & Yarden, 2009; Friedrichsen & Dana, 2005; Kédpyla, Heikkinen, & Asunta,
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2009; Tekkaya & Kilig, 2012), chemistry topics (Aydin, 2012; De Jong, Van Driel,
& Verloop, 2005; Demird6gen et al., 2016; Park & Oliver, 2008; van Driel et al.,
2002; van Driel et al., 1998), and physics topics (Etkina, 2010; Findlay & Bryce,
2012; Halim & Meerah, 2002; Nilsson, 2008: Seung, 2013). Researchers suggest that
science teacher education requires more topic specific research to achieve the
paradigm (Abell, 2008; Loughran et al., 2004; van Driel et al., 1998). In comparison
to chemistry and biology, physics topics have received less attention especially in
Turkish context (Aydin & Boz, 2012). Moreover, when physics topics were
analyzed, researchers focused on the following topics: linear motion including
concept of speed, velocity, and acceleration; thermodynamics including heat energy
and temperature which were studied with pre-service physics teachers in the
secondary school level (Veal et al., 1999), the topics of force and electric circuits
with secondary school physics teachers (Loughran et al., 2004), the concepts of light,
speed, force, heat concepts with pre-service teachers (Halim & Meerah, 2002), the
topics of heat energy and temperature with experience teachers (Magnusson &
Krajcik, 1993), the topic of force in floating and sinking with both pre-service and
in-service teachers in elementary school level (Parker & Heywood, 2000), the topic
of thermal physical phenomena with pre-service teachers (Sperandeo-Mineo, Fazio,
& Tarantino, 2006), the topic of electricity and magnetism with experience teachers
in the secondary school level (Eyiipoglu, 2011). However, all of the studies are
related to SMK or analyses only one or two PCK components, and they do not
include the relationship between SMK and all PCK components. As a summary, in
the science teacher literature, there are some studies related to physics topics
mentioned above but they have not focused topic specific feature of PCK all
components. Therefore, no topic-specific study in terms of PCK all components in
the topics of work/energy, simple machines and friction force with middle school
level, it formed selection criteria of the study topics.

The other topic selection criterion was that physics topics include abstract and
complex concepts (Hammer, 1996), and they are considered to be difficult processes
for students’ understanding (Ahtee & Johnston, 2006). The topics of this study; work

and energy, simple machines, and friction force take part in the unit of the force and
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movement in the 7" grade (Ministry of National Education [MNE], 2006) and they
lead science teachers to deal with many challenges to enhance understanding of the
concepts. The literature shows that there are many individuals (pre-service teachers
and/or students) having misconceptions, pre-knowledge, or alternative conceptions
about work and energy (Avci et al., 2012; Coban et al., 2007; Kruger, 1990;
Trumper, 1998; Yiirimezoglu et al., 2009), simple machines (Marulcu & Barnett,
2013), and friction force and energy (Atasoy & Akdeniz, 2007; Hanger, 2007; Hope
& Townsend, 1983; Kaplan et al., 2014). According to the above studies, students
face difficulties in understanding related topics, and science teachers must deal with
many challenges during planning, teaching, and evaluating the topics. Therefore, it
was expected that the pedagogical challenges which was presented by the participant
provided the researcher to obtain enriched data including pedagogical applications
and the interactions between teacher and students.

Another topic selection criterion was to ensure having long term data
collection process. In order to present a general profile of teacher’s PCK, long term
engagement should be employed with teachers and their interaction of students
(Abell, 2008). Because teaching and learning activities include complex processes,
they need time to be constructed by students or to be taught by teachers. For this
reason, PCK is not easily understood and assessed (Baxter & Lederman, 1999). In
this study, three physics topics (work and energy, simple machines, and friction
force) were selected to better understand the participant teacher’s PCK. Only one
topic might not be sufficient to portray teaching segments including knowledge and
abilities so that it can be difficult determine PCK and its components’ interactions
(Loughran et al., 2006).

According to the constructivist approach, when new knowledge is acquired
by students, they involve in learning process where the new knowledge is
constructed by prior knowledge arising from previous experience. In other words,
previous learning is always the basis for future learning (Cakici, 2008). For example,
learning or teaching any science concept is affected by the previous concepts or
knowledge. If one concept is not understood very well, the meaningful learning of

next concepts does not occur. In this respect, the succession of topics (work and
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energy, simple machines, and friction force) was selected from a unit to understand
how any concept learned or not learned by students affects the teaching of next
concepts such as better understanding of the concept of simple machines plays an
important role in understanding the other concepts that come after it. For example,
understanding only the change of direction of force in fixed pulleys facilitates
understanding of force with a vector magnitude (Marulcu & Barnett, 2013). In this
study, the succession of the topics helped the researcher determine the teacher
knowledge of curriculum (teacher knowledge about concepts in the horizontal and
vertical relationships) and knowledge of learner (knowledge of requirements for
learning). This topics selection also provided the researcher with abundant examples
in order to understand the interaction between KolS and KoA.

Another issue of the three topics selection was to clarify the teacher’s STO.
Definition of science teaching orientation is a controversial issue (Friedrichsen &
Dana, 2005). According to the framework of this study, STO is defined that general
teacher's view of teaching and knowledge of teacher's purposes and goals toward in
planning, teaching, and evaluating of a specific science topic (Magnusson et al.,
1999). It is also considered a subject specific PCK component. However, the
researcher thought that STO might be changed from one topic to other topics and in
order to understand the participant teacher’s STO, cart-sorting activity for each topic
was prepared and investigated. Similarities and differences among cart sorting
activities were presented in the finding chapter of the present study. In summary, the
three science topics were selected to better clarify the teacher’s PCK and it

components.

3.4 Description of Research Context

A private elementary school with its physical environment constituted the
study context including gifted students both primary and middle school in Ankara.
Gifted students were selected for this school by experts by using some general

aptitude, competence, and intelligence tests. The school had a science and
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technology laboratory, and modern classrooms having computers, smart boards, and
learning materials (posters, maps, graphics, etc.).

In order to offer educational opportunities, school administrations define
giftedness in an amazing range in the gifted education literature. This range spreads
from the top 1% to the top 30% in which students are selected for educational
services based on the criteria (Gilman, 2008). This range has arisen from the
definition of giftedness defined by professionals (Gagne, 2004). For examples,
Marland (1972) has accepted the top boundary of giftedness between 3 % and 5 % in
the population, Renzulli (2005) designates that the talent pools have higher
performance on the above of 20%, and Gagne (2004) has identified gifted and
talented individuals in the range of 10% (IQ score > 120 equals mildly gifted, 1Qs>
135 equals moderately gifted, 1Qs>145 is highly, IQs> 155 is exceptionally, and
1Qs>165 is extremely). Within this respect, the school in the present study context
has used a criterion which includes cut-off points IQs> 120 in order to identify gifted
students by using WISC-1II (The Wechsler Intelligence Scale for Children)
(Wechsler, 1991).

The data were collected from the science teacher who taught science in
seventh grade classroom, and there were twelve gifted students generally between
12-14 years old. The elementary science curriculum being used in this class was
constituted by Ministry of National Education (MNE, 2006) as a program
implemented across the country as part of compulsory education. In addition to
science curriculum, each science topic or activity is enriched by the teachers and
experts to meet the gifted students’ needs.

The data were collected from the science teacher focusing on her science
teaching, and interaction with gifted students while teaching the topics of
work/energy, simple machines, and friction force in the real classroom context.
Therefore, I observed the teacher’s different applications, the interactions between
the teacher and the students, and her PCK. The classroom context provided the
researcher to obtain detailed information from both the participants and students

because in-service teachers present more strong and meaningful PCK in real
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classroom settings than pre-service teachers (Abell, 2008; Lee, Brown, Luft, &
Roehrig, 2007).

3.5 Data Collection

The aim of the study was to examine topic specific teacher PCK. It is difficult
to find out the teacher PCK in detail and impossible to analyze teacher’ teaching and
students’ learning using only one data collection technique in a short time (Baxter &
Lederman, 1999). Science teacher PCK literature suggests that long-term
observations, interviews of participants and using multiple techniques enhance the
interpretation of the obtained data (Abell, 2008; Baxter & Lederman, 1999,
Loughran et al., 2006). Therefore, qualitative research design provides many
alternative data collection methods to obtain detailed and in-depth information about
the case (Merriam, 2009; Yin, 2009).

Card-Sorting Activity: at the beginning of the related topics

CoRe Plan: before teaching related topic, the participant prepared CoRe plan

Pre-Interview: talking about the participant's CoRe plan

Observation: the participant's teaching practices were ohserved

Post-Interview: talking about the participant's teaching practices

This data collection process was applied separately for each topic; work and energy, basic machines,
and friction force.

Figure 3.1. Data Collection Process

Figure 3.1 indicates data collection process used in the present study. In this
study, multiple data collection techniques were used such as card-sorting activities,

109



content presentation (CoRe), interviews, observations, and field notes. Detailed

explanation about each data collection tool was presented in the titles listed below.

Table 3.2. The Relationships between Research Questions and Data
Collection Tools.

Research questions sgriﬁl- CoRe Pre- Observation Post
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activity
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P: primary data collection tool, S: secondary data collection tool

Table 3.2 summarizes the relationships between research questions and data
collection tools. First research question and sub-questions represented by topic
specific nature of PCK and second research question and sub-questions were
considered under the title of interaction of PCK components in the table. For this
study, each data collection tool was designed to reach a specific aim, and it was
called primary (P) data collection tool. However, other collection tools provided
additional evidence to support the interpretation of data, and they were called as
secondary (S) data collection tools to answer related research question. For example,
card-sorting activity and class observations were primary data collection tools in
order to compare and contrast between the teacher belief and her teaching practices
in terms of STO. In addition to primary data tools, CoRe, pre-interviews and post-
interviews were used to discover the evidence about the teacher STO. On the other

hand, other PCK components were examined through CoRe, pre-interviews, and
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post- interviews as primary data tools, and post-interviews served as secondary data
collection tools to clarify differences between the teacher’s CoRe plans, and pre-

interviews and her teaching practices.

3.5.1 Card-Sorting Activities

Card-sorting activities were used to find out the teacher’s science teaching
orientation (STO). Science teaching orientation is teacher's general view of teaching
and knowledge of teacher's purposes and goals toward in planning, teaching, and
evaluating of a specific science topic (Magnusson et al., 1999). Card-sorting
activities are a useful tool to determine and categorize the science teacher’s goal and
purposes toward teaching a specific topic to students (Friedrichsen & Dana, 2003).

In this study, I used card-sorting activities to examine teacher's STO for three
physics topics. The researcher prepared separately the scenarios about teaching
work/energy, simple machines, and friction force. The card-sorting activity includes
nine scenarios about each topic and six scenarios related to curriculum goals,
affective domain, and gifted education. Before the formal teaching of each topic, the
participant teacher was asked to categorize the scenarios into three groups. The first
group cards involve teaching scenarios which reflect or are parallel with the teacher's
instruction/teaching the related topic. The second group cards are not parallel with
the teacher's instruction/teaching, and the last group includes scenarios which the
teacher is not sure whether to match her teaching or not. After categorizing the cards,
the teacher’s STO was analyzed with interview questions to obtain enriched and
detailed information. Appendix A shows the card-sorting activities and interview
questions.

While developing card-sorting activities, the literature was investigated about
studies including STO (Aydin, 2012; Friedrichsen, 2002; Friedrichsen & Dana, 2003,
2005; Friedrichsen et al., 2011; Magnusson et al., 1999). Magnusson et al.’s (1999)
PCK model provides nine STO types about teaching a specific topic. In order to
elucidate the teacher's knowledge about science teaching and learning (goal of

teaching science and characteristics of instructions), the nine STO types were
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prepared for each topic; work/energy, simple machines, and friction force. In
addition to these nine scenarios, Friedrichsen and Dana (2003; 2005) suggested
different orientations related to affective domain goals and general schooling goals
owning to fact that the STO is complex teacher knowledge, and Magnusson et al.’s
(1999) model is not enough to find out a teacher's STO. Therefore, | developed
additional scenarios including general Turkish school goals, gifted education goals,
affective domain goals and nature of science. In sum, there is certain knowledge and
belief system affecting science teachers' practice and it is essential to consider all
dimensions together when STO is analyzed (Friedrichsen et al., 2011). After
finishing the development of card-sorting activities, expert opinion was taken from
three experts to guarantee content validity, grammar, and wording.

After having completed the scenarios, certain additional interview questions
were formed because only the classification of scenarios is not enough to obtain
detailed information about the teacher’s STO (Baxter & Lederman, 1999;
Friedrichsen & Dana, 2005). Before the teacher categorized the cards, a few
questions were asked about what the reasons and purposes of science
teaching/learning are, how gifted students affect the selection of these purposes, and
what the factors to distinguish her purposes from other schools are. Then, the cards
were grouped by the participant, and the interview questions were conducted to find
out detailed information about groups. Moreover, the teacher was asked to consider
three groups in terms of gifted and non-gifted students. After finishing the card-
sorting activities, the teacher's classroom teaching was observed to determine her
STO as well. As a result, multiple data sources were used to find out the teacher's
STO which were also suggested by the previous PCK studies (e.g., Friedrichsen,
2002). Three different card-sorting activities were also prepared and applied by
following the above process for the three physics topics because STO may vary from
one topic to another, and the teacher might have different goals and purposes while

teaching the different topics.
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3.5.2 CoRe (Content Representations)

Discovering teachers' professional knowledge is a difficult process.
Traditional methods are not enough to portray PCK, and multiple data sources should
engage in teachers’ PCK studies (Abell, 2008; Baxter & Lederman, 1999, Loughran
et al., 2006). CoRe is one of the data sources to articulate and document teachers’
knowledge and applications. CoRe also allows researchers to obtain PCK an in
explicit way because teachers express themselves (Loughran et al., 2004).

CoRe can be used as a lesson plan for teaching a particular science topic.
There are two parts in the CoRe table, the column part includes science big ideas
and/or concepts or issues which they think should be taught. The row part of CoRe
involves eight questions related to teaching big ideas. Teachers are asked to answer
the all questions before teaching, and in this way, teachers’ thoughts and knowledge
related to big ideas can be obtained. CoRe enables teachers to notice their PCK by
answering the eight questions as shown in Appendix B.

In the present study, the teacher was asked to prepare CoRe table for the
topics of work and energy, simple machines, and friction force. The teacher selected
four big ideas which were work and energy, kinetic and potential energy, simple
machines, and friction force. The teacher prepared each CoRe plan before teaching
related topics and the researcher interviewed the teacher about each CoRe plan to

obtain detailed information about the teacher’s thoughts and knowledge.

3.5.3 Interview

Because in qualitative case studies, interviews are the main tool to collect the
data generally focuses on individuals’ problem or behavior. A participant who is
well-informed about a problem or behavior can provide valuable information which
can be used to focus on other data sources (Yin, 2009). Interview is also used to
obtain information about individuals’ experience, behavior, emotions or perception

of social phenomena which are not directly observed (Merriam, 2009).
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In this study, two types (pre-post) of semi-structured interviews were carried
out to gain data from the participant. Pre-interviews were conducted after the teacher
prepared the CoRe plan related to science topics. Organizing CoRe plan is difficult
and time consuming for teachers based on the literature (Loughran et al., 2006) and
pilot study of the researcher, so the participant teacher sometime did not fill out her
CoRe plan in detail. In order to handle this situation, | interviewed with the
participant to elaborate on her answers after analyzing her CoRe plan. Moreover, the
post-interviews were conducted after observing her teaching of the related science
topics. | observed the teacher with reference to her CoRe plans and | noted some
students’ and the teacher’s behavior or event during her teaching in the classroom. If
there were some differences or mismatches between the CoRe plan and her teaching,
and | noted them and asked the teacher in the post-interviews.

While developing the interview questions, the questions in the CoRe plan
(Loughran et al., 2006) were used as an interview protocol including clues to be
followed in that order to prevent confusion during the interviews. The interview
protocol helps form semi-structure questions which elicit the views of the teacher on
her teaching and other ideas that the teacher did not mention in the pre-interviews
(Merriam, 2009). After completion of the above process, expert's opinion was
obtained from three experts to check the content validity, grammar, and vocabulary
of the interviews questions. After receiving feedback for the questions, the pilot
study was conducted with one elementary science teacher in the science and art
center. Each interview (pre-post) was recorded to form databases.

3.5.4 Observation

In the educational setting, observation is often used to describe the behavior
of related to phenomena and reveal the underlying effect of the behavior in the
classroom (Marshall & Rossman, 1989). Observation takes place among the primary
sources because it allows researchers to investigate social events in nature (Merriam,

2009). For example, when a curriculum is analyzed by using observation in the
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school context, it provides invaluable evidence about the teacher's applications (Yin,
2009).

Due to the nature of PCK, studies include teachers’ knowledge, ideas, and
presentations about as a specific topic, and observation has often been used to
interpret teachers’ behavior in a more accurate and holistic way (Baxter &
Leadermen, 1999). Observations are generally combined with interviews in order to
capture elements that did not come up in the interviews. Thus, researchers can
capture the desired or unusual behavior during observations which helps form a more
complete picture, and observation of the teacher in the classroom is necessary to gain
a holistic view about science teachers' PCK.

In the present study, I observed the teacher’s class while she was teaching
work and energy, simple machines, and friction force as a non-participant observer.
Each class observation lasted 40 minutes (three class hours per week) and | used the
observation protocol that I developed by using Magnusson et al.’s (1999) PCK model
and its components. It helped the researcher to take notes about the teacher's
applications, such as curriculum materials, instructional strategies, student's
responses to applications, and students’ misconceptions. One of the aims of taking
note was to obtain evidence to ask the teacher about her instructional behavior during
the post-interview (Merriam, 2009). The classroom environment had a dynamic and
the teacher's plan generally mismatch with her teaching. The pedagogic behaviors
that were outside the plan was very important to determine PCK research while
conducting class observations.

In this study, during observation, | recorded each class for 40 minutes (20
classes) after the participant was informed and the permission was taken from her. 20
class observations were a long term observation in order to better understand the
teacher’s PCK. In addition to descriptive nature of her PCK, the long term
observation, nearly seven weeks, help the researcher had better understand about the
relationships among PCK components. After analyzing all data arising from
observations, interviews, and other tools, a more comprehensive picture about the
teacher PCK was achieved (Abell, 2008).

115



3.6 Pilot Study

After finishing development of the data collection tools, I conducted an initial
research to check my data collection process. The pilot study helped reconsider the
data collection plan and developed to detail the protocol of real study (Yin, 2009).

The pilot study was conducted with a science teacher who is responsible for
teaching gifted students in the science and art center which is explained in the
participant selection part. The participant had five-year-teaching experience with
gifted students and five-year-teaching experience with non-gifted students at the
elementary level. | had a chance to experience in conducting PCK research with an
experienced teacher. | used all data collection tools mentioned in the data collection
section and conducted the observation for a month (3 class-hours per week). The
science and art center is a different context from the compulsory education. The
teacher selected the teaching topics and organized activities based on gifted students’
abilities. During the data collection, | observed four science activities each week, and
each activity has different subjects and topics; (1) the electric circuit, current, electric
conductivity in liquid medium, (2) force, buoyancy and surface relationship, (3)
density and buoyancy, and (4) structure of matter, physical and chemical changes,
and chemical reaction. The teacher prepared each activity to teach the conceptual
understanding of related topics and to enhance special abilities of gifted students.

When it comes to analyzing the data, the center’s STO was different from
regular elementary schools. Since there was no curriculum supported by Ministry of
National Education for gifted students, the participant teacher has to prepare
enrichment activities for development of students’ abilities by using elementary or
secondary curriculum concepts or materials. The participant’s enrichment curriculum
knowledge could be recognized during this pilot study. A remarkable result was that
the characteristics of gifted students (such as quick and easy learning related to
science concepts, asking difficult and interesting questions, and extending enriched
activities and discussions) shaped the teacher’s applications. Since the students could
learn quickly and gain the reasoning of underlying scientific phenomena, they

needed to engage in enriched activities having upper grade concepts and materials.
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Another result was related to the component of teacher’s knowledge of assessment.
According to the center's vision, grading of students by using traditional assessment
techniques (quiz, written examination, or multiple choose test) to evaluate conceptual
understanding was not considered by the teacher. The focus of assessment in the
center was to determine students’ special abilities measured by the teacher
observations.

In light of the above results, | recognized that the characteristics of gifted
students and the teacher’s enrichment curriculum knowledge could affect teacher’s
teaching. The knowledge of assessment was not considered by the teacher, and she
used informal assessment techniques. After the pilot study, | refined the data
collection tools, interview and observation protocols. | also decided to conduct the
main study with a compulsory elementary school because | would be able to collect
the data from the teacher and analyze data by including all five components of PCK.
As a result, the pilot study was useful for me to refine the necessary changes based
on elementary school context and to increase familiarity with gifted students. The
data collecting and analyzing process provided me to increase my experience as a

researcher.

3.7 Data Analysis

Due to the nature of qualitative research, multiple data tools were used in this
study to portray detailed information about the science teacher's PCK and its
components. Data analysis of a case study is a process which includes limited units
where intensive analyses and comparisons take place in a holistic way (Merriam,
2009; Patton, 2002). First, the collected data must be arranged, manipulated, and
prepared to form the data bases which help the researcher in coding and forming
themes inductively and deductively to interpret the evidence to find out the answer of
research questions (Yin, 2009). In this study the data analysis involved three analyses
approaches based on research questions. The analysis process was explained under

the following titles.
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3.7.1 In-Depth Analysis of Explicit PCK

The aim of the study was to investigate the nature of a science teacher' PCK
and its components based on Magnusson et al.’s (1999) PCK model. After preparing
the data for analyzing (the transcription of audio records of pre-post interview,
classroom observation, card-sorting activity), | coded the data bases deductively to
follow Magnusson and colleagues' model. A qualitative research generally starts to
code with deductive way because the codebook consists of the codes coming from
the literature (Patton, 2002). Thus, | started to code the data by using open coding
technique in terms of PCK components; science teaching orientation, knowledge of
curriculum, knowledge of learner, knowledge of instructional strategies, and
knowledge of assessment. While making detailed analysis, new codes are discovered
inductively such as codes related to enrichment curriculum or characteristics of
gifted students. The data were analyzed using NVivo qualitative data analysis
program which is a computer-assisted tool and helped coding and categorizing a
large number of narrative texts (Yin, 2009).

After determining the codes, the categories were formed by following PCK
components and sub-components for the three topics. For example, the component
of STO was analyzed by using the card-sorting activities, class observations, and
interviews for each topic. According to the card-sorting activity, | coded and
categorized the teacher' orientation in terms of scenarios and classroom observation
which provided the evidence to compare the teacher's ideas about STO and her
applications. Some mismatches were recognized between the teacher's ideas about
STO and her classroom implementation. During post-interview, | had a chance to
discuss with the participant about her mismatch STO. In a similar manner, each
component was analyzed, and the examples of detailed information were further

presented in the result section.

118



3.7.2 Content Analysis

Content analysis is a technique allowing researchers to investigate human
behavior not directly observed (Fraenkel & Wallen, 2009). Content analysis also
seeks to discover repetitive words or categories of qualitative data in order to reduce
the number of categories, thus it enables researchers make inferences (Patton, 2002).
The aim of using this content analysis in this study was to determine interaction of
PCK components while the teacher was planning and teaching in the three topics. By
this means, findings were used for the answer of the second research question and its
sub-questions. The question aimed to find out how PCK components interplay in
teaching the topics of work/energy, simple machines and friction force.

Interaction of PCK components was defined that two or more components
were interplayed together in order to attain teacher’s goals and purposes on the
planning or teaching practices of any science concepts. In other words, the
interaction of components meant that the teacher uses a component in order to handle
students' misconceptions or to enhance their conceptual understanding using another
component. For example, knowing that she has group made up of gifted students, the
teacher devised enriched activities to cater for the special needs of such students. She
employed activities which require students’ use of argumentation instructional
strategy. In this example, there are two interplays among STO-KoC-KolS. The first
interaction is between STO and KoC because the teacher's aim is to prepare enriched
activities by using upper grade concepts or materials. The second interaction is that
both the teacher and her students were involved in an activity supporting
argumentation technique.

Before starting content analysis, | had obtained codes emerging from in-depth
analysis of explicit PCK section such as STO (teacher goals, didactic, process,
inquiry, hands on, etc.), KoC (curriculum objectives and materials, enrichment
activities, and curriculum limitations), KoL (prior knowledge, pre-requirement,
alternative conceptions, and characteristics of gifted students), KolS (topic specific
instructional strategies, students-centered and teacher-centered instructional

strategies), and KoA (knowledge of what to assess and how to assess). These codes
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helped diagnose the interactions of the teacher’s PCK components in her planning
and teaching practices. In order to portray the interactions of PCK component on the
teacher planning stage, I used the teacher’s CoRe lesson plans and pre-interviews.
On the other hand, | analyzed only her class observations and post-interviews to
determine the interactions of PCK components during her teaching practices.

In order to start content analysis, the researcher should determine categories
among PCK components from literature, and then, discover the interaction categories
in the text (Fraenkel & Wallen, 2009). In this respect, I used the interaction
categories developed by Park and Chen (2012) and Aydin et al. (2015) to diagnose
interactions among PCK components. | modified the categories in the study context
and designated new categories derived mainly from the direction of the influence of
the characteristics of gifted students.

In the planning section, | began the content analysis with discovering the
interaction PCK components and | generated 21 interaction categories showing
possible interactions (Please see Table 4.8 in Chapter 4 for the categories and their
explanations). After analyzing the data set, | realized that the interaction categories
arose from five pedagogical needs such as the teacher's goals for teaching, using a
component informs to select another component, pre-requirement of instructional
decision, characteristics of gifted students, and multiple interactions. The
pedagogical needs were explained in the finding chapter in detail.

In the teaching practices section, | discovered 10 interaction categories
(Please see Table 4.9 in chapter 4). After finishing content analysis, PCK maps were
constructed for each topic during both planning and teaching procedures, which

explained in the next part of constant and comparative method.

3.7.3 Constant Comparative Method

The interaction among components was used to construct PCK maps for each
teaching topic by using constant comparative method. Each interaction category was
compared and contrasted with the categories of Park and Chen (2012) and Aydin et

al. (2015). While a PCK map was constructed about the relevant topic, another topic
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map was built in a similar process comparing the first map and the second map. This
is a repetitive process where the spiral motion proceeds from concrete data to more
abstract concept or theory. The spiral motion takes place to compare data and data,
data and category, category and category, and category and concept (Bryant, 2013).
The aim of the constant comparative method in this study was to compare the
interaction PCK component with categories, compare categories with categories, and
construct PCK map with inductive technique. This analysis continued until the data
saturation where a new category or interaction was not obtained from the data bases
(Cresswell, 2007).

PCK maps presented the teacher’s pedagogical decisions and behaviors in a
clear way. Each PCK map includes the decision-making segments (maps constructed
according to the data collected in the planning process) or teaching segments (maps
constructed according to the data collected during teaching practices). For example,
Figure 3.2 shows a part of the planning PCK map involving four decision-making
segments, and on this figure, there are numbers starting from one to eight. The
numbers on the PCK maps represent the order of the teacher’s pedagogical decisions
or behaviors. In other words, the teacher started to design her CoRe lesson plan with
the questions “What do you intend the students to learn about this idea?”, and “Why
is it important for students to know this?” The teacher’s answers to these two
questions were related to the first three interactions shown on Figure 3.2. The teacher
responded to the questions as follows: “providing the students with the experience of
conceptual understanding of kinetic and potential energy and enhancing the students'
abilities; creativity, reasoning, and thinking, and providing the students with enriched
activities”. 1 coded the first three interactions as a decision making segment. The
second decision making segment included the fourth (the gifted students need to
engage in enriched activities) and the fifth (lack of students’ prior knowledge blocks
the understanding of science concepts) interactions. The sixth interaction arose from
the teacher’s answer “the teacher goals were to enhance the students’ abilities while
they were learning kinetic and potential energy topics”. The seventh interaction
included four PCK components and emerged from the answer of CoRe question

“What else do you know about this idea (that you do not intend students to know
121



yet)?” The teacher planned the teaching of the formula of kinetic and potential
energy as an enrichment activity. However, she thought that the differences between
unit and symbols in the formula could lead to learning difficulties (the interaction
between KoC and KoL is number seven in the decision-making segment of number
four). In order to handle the possible learning difficulties, she planned to explain the
differences and English meaning of each symbol (KoL-KolS). Then, she thought to
assess whether her explanation would be enough to understand the differences
(KolS-KoA). The eighth interaction explained that the enriched activity of the
formula of kinetic energy included an alternative conception (velocity and speed are
the same concepts), and it might cause a learning difficulty (KoC-KoL). In order to
handle this, the teacher designed an instruction by utilizing a particular instructional
strategy (KoL-KolS). The seventh and the eighth interactions formed other decision
making segment, and it had more complex pedagogical decision making than the
prior segments. To sum up, the interaction PCK components were coded and
decision making segments were categorized in the way mentioned above. Each
segment came together to constitute PCK maps while the teacher was planning her

lessons.

third decision-
making segment

forth decision-making
segment

first decision-making  second decision-making segment
segment

Figure 3.2. A Part of PCK Map during Planning Process
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The large components in the middle of maps were used to initiate the
interactions which were derived from some specific reasons. These reasons were
explained in the finding chapter in detail. For example, in the first decision making
segment in Figure 3.2, STO was an initiative component because the teacher reflexed
her goals and purposes. On the other hand, second segment included KoL component
and the task of KoL was to fit pre-requirement for learning or to meet the needs of
gifted students. The fourth segment component was KoC including concepts or
applications to lead learning difficulties and responsible for to start the interaction to
handle learning difficulties, which required specific instructional strategies or
assessment.

As seen in Figure 3.2, the big arrow marks appearing among decision-making
segments don’t indicate any relationships or interactions between prior segment and
next one. They only show the order of the segments.

Different from the teacher’s planning PCK maps, when constructing of
teaching practicing maps, I analyzed the teacher’s classroom observations and post
interviews. Firstly, |1 determined the interaction categories shown in Table 4.9.
Secondly, I formed the teacher’s teaching segments (they were called as decision
making segment in planning PCK maps) from the teacher pedagogical behaviors,
which appeared during all the stages of teaching process of each topic. To illustrate,
Figure 3.3 shows the interaction of PCK map during the teacher’s teaching the topic
“work and energy”. The first teaching segment includes eight interactions. The
teacher started the lesson with questions to assess students’ prior knowledge or to
determine students’ alternative conceptions, which were coded as KolS and KoA.
The second interaction was observed to make abstract concepts more concrete by
using specific examples or use particular instructional strategies to handle learning
difficulties. After that, the teacher lectured the intended concepts (KolS-STO) and
she offered enriched activities to the students (KolS-KoC). In the second teaching
segment, the characteristics of gifted students affected her teaching through more
questions arising from enriched activities, and the teacher tried to explain each of
them (interaction number is nine). The last teaching segment involves two

interactions. One of them is related to using particular instructional strategies to
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handle learning difficulties, which is shown in the 10" interaction. On the other hand,
interaction 11 has more complex interactions than previous. In order to make
assessment, teacher asked the questions. Then, learning difficulties occurred. So as to
handle those difficulties, teacher revised questions or explained them. All the

teacher’s behaviors are represented by the 11" interaction.

KolS
/'
KolS KoL
KoA KDC/ KoA /
sTO

1, 8 2 / n
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e \n

v KoC

KoL KoL

Figure 3.3. A Part of PCK Map While Teaching Practice

Similar to planning PCK maps, the large components have similar
characteristic in the teaching practicing maps. The number of the interactions shows
the order of the teacher’s pedagogical behaviors from the beginning to the end of the
topic. Moreover, the big arrow marks (====p) as seen in Figure 3.3 does not indicate
any relationships or interactions between prior teaching segment and next one.

In the science teacher education literature, there are a few researches
investigating explicitly the interactions of science teachers PCK components such as
Park and Chen (2012), Aydin and Boz (2013), Aydin et al. (2015), and Akin (2017).
Each study used the pentagon model of PCK developed by Park and Oliver (2008) to
portray the interactions among PCK components. Figure 3.4 shows an example of
interaction pentagon model map’s framework (Figure 3.2 and 3.3 represented the
interaction maps’ framework of the current study).

According to the pentagon model, these five components have equal values
and features and they can interplay with each other separately. While constructing
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the pentagon PCK map, researchers first determine the interaction categories by
using content analysis and separate participant teachers’ teaching into pedagogical
episodes or teaching segments. Each episode or segment has varied kinds of
interactions based on the nature of the topics, and teachers’ knowledge and
applications such as KoL-KoC, KoA-STO, KolS-KoL, etc. After determining the
interactions between two components, the frequencies of the interactions are
calculated. The numbers on the straight lines represent the frequency of the
interaction between two components. For example, number 6 shows the frequency of
interaction between KoL and KolS, and number 5 shows the frequency of interaction
between KolS and KoC. On the other hand, the numbers in the circles including
components show the total number of interactions in which one component connects

with the other four components.

Figure 3.4. An Example of Pentagon Model Map

For example, KoC has a total of 11 interactions; KoC-KoL is 4, KoC-STO is 2, and
KoC-KolS is 5. To sum up, a PCK map is created following the steps above
mentioned. The map might represent the interaction of a science teacher’s PCK while
teaching a particular topic or teaching segments. Moreover, researchers might
compare and contrast different teachers’ PCK maps or one teacher’s PCK maps
including a few different topics in order to determine which teachers have strong
PCK or in which topics the teachers reflected more PCK. The map has more number
of interactions and more kinds of interactions, it has stronger PCK. On the other

hand, if a map has limited interactions with others or weak connections including
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few interactions with others, this map reflects that corresponding teacher has naive
PCK.

In this study, | used the interaction categories driven from Park and Chen
(2012), and Aydin et al. (2015), and I also utilized two different mapping approaches
(1) the study mapping approach was designed by researcher as illustrated in Figure
3.2 and 3.3, and (2) pentagon model mapping approach was developed by Park and
Chen (2012). | added the two mapping approach for each topic and sub topics,
however, | interpreted the data results based on the study mapping approach. In other
words, | did not use pentagon model while interpreting and discussing related data
because | believed that the study mapping approach provided more detailed
information than pentagon approach to portray the participant teacher PCK. In doing
so, | presented separately where each interaction was happening in terms of planning
and practicing process (as illustrated in Figure 3.2 and 3.3). There were some reasons
why | did not chose the pentagon model. The first reason was that the pentagon
model provided limited information about the teacher PCK in the present study.
When looking at the pentagon model (see detailed in Figures 4.15, 4.16, etc.) to
portray the teacher’s PCK, the interaction maps explains the number of interactions
and weak or strong interactions between two components. However, with this study
interaction maps, readers can see the interactions both in decision making segments
and in teaching segments during all the stages of the lessons. The second reason was
that pentagon model only shows binary interactions such as KoL-KoC or KolS-KoA.
However, | had some data including binary, triple, quadruple or even more
interactions. Thus, the pentagon model limited our data to present all interactions in
detail. The third reason was that pentagon model does not show teachers decision
making and teaching process or teaching episodes and segments because it is the sum
up of total interactions, namely, it is a summary of the teacher behaviors or
knowledge. However, PCK maps of the present study show the teacher behaviors or
decision making step by step during teaching or planning process. In other words,
readers can easily understand each of interactions without explanation of codes and

categories.
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This study mapping approach also showed the interactions between similar
components in planning process. For example, KoL-KoL means that it is difficult to
deal with misconceptions because of characteristics of gifted students. In this
interaction, sub-component of characteristics of gifted students was linked to another
sub-component of knowledge of students’ misconceptions and learning difficulties.
Another example appeared in the same interaction of KoL-KoL which means that the
students have knowledge about upper grade topics because of characteristics of
gifted students. In this regard, the sub-components of knowledge of students’ pre-
requirements and knowledge of characteristics of gifted students interact together.
Contrary to two examples, another interaction was seen in the KoC-KoC in which
the teacher considered the curriculum limitations as enriched activities. In this
interaction, knowledge of curriculum and knowledge of enrichment curriculum
interacted together.

Finally, this study mapping approach provided more detail information about
PCK component at each stage of planning and teaching practices. We can understand
where and why each component was used to interact with each other. Furthermore,
when looking at the maps it can be seen where the teacher faced pedagogical
difficulties, the effect of students on teacher teaching, and which topics had more

complex content than other.

3.8 Trustworthiness

Trustworthiness is related to accuracy and high quality of a qualitative study.
There are many definitions or strategies to assess the accuracy of a study (Cresswell,
2007). One of these strategies is explained by Lincoln and Guba (1986), and includes
“credibility, transferability, dependability, and conformability” (p.76-77). They are
also correspondent internal validity, external validity, reliability, and objectivity
respectively. In this study, Lincoln and Guba’s (1986) set of strategies were followed

to assess the validity and reliability.
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3.8.1 Credibility

The aim of the qualitative research is to investigate a problem or social issue
in the real context with its validity, which meaning that phenomena are accurately
identified and described (Marshall & Rossman, 1989). In other words, validity is
related to how the findings of the inquiry are consistent with reality and the nature of
the qualitative research. For taking this consistency into account increases the quality
of inquiry because researchers collect the data with first-hand experience and
interpret the reality (Merriam, 2009). There are some techniques suggested by
researchers (Merriam, 2009; Patton, 2002; Yin, 2009) to ensure a case study has
valid findings and interpretations. In this study, four approaches were followed to
increase the credibility: triangulation, peer debriefing, member checks, and long-term
observation.

The first strategy is triangulation combining multiple rival supporters to
answer the research questions. The assumption of the triangulation is that only one
method is not adequate to reveal the rival explanation of the phenomena. Using
multiple methods enable researchers to find out the different features of the reality.
There are four types of triangulation; methods triangulation, analyst triangulation,
sources triangulation, and theory/perspective triangulation (Patton, 2002). The three
types of triangulation (sources triangulation, analyst triangulation, and method
triangulation) were used to increase credibility of this study. Data triangulation was
used through multiple data from the case such as card-sorting activities, CoRe, pre-
post interviews, and classroom observations. Using multiple data had two
advantages. One was that one data result was compared and contrasted with another
data results. To illustrate, the pre-interview was compared with the observation, and
the consistence between two data tools was checked. The second advantage was that
there was sometimes mismatch between the results of two data tools, and the
difference enables researchers to gain rival insight to reveal the meaningful answer to
the problem (Patton, 2002).

The second type of triangulation is the investigator/researcher triangulation to

ensure the findings of a study. The aim of the technique is to remove the bias or
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untrue interpretation represented by one researcher. In order to achieve this, the same
data is collected by multiple researchers and analyzed by each researcher separately.
Then, each result is compared and contrasted in order to reach a consensus (Merriam,
2009). In this study, one researcher joined the study during classroom observations
and the two researchers collected the data by using the observation protocol. The
second observer was a science teacher in the same school and he was familiar with
the school context and the students. He was also a graduate student in the elementary
science education department and his interest area is technological pedagogical
content knowledge. Thus, he is knowledgeable about PCK and its components. He
was also informed about the process of the inquiry, that was, the data collection
protocols as to how to observe the teacher’s class before beginning the observation.
Forty percent of the total classroom observations were conducted by two researchers.
After observations, the observation protocols were analyzed by each observer
separately and the results were compared and contrasted to arrive at a consensus
about discrepancies resulting from the observations. All the observation protocols
were analyzed in detail. Moreover, while analyzing data sets, additional two
researchers participated in the data analyses process. These two researchers are
knowledgeable about science teachers’ PCK, and the first researcher helped me code
in order to determine the participant teacher’ nature of topic specific PCK. Another
researcher played an important role while constructing the interaction PCK maps. To
sum up, three different researchers, except me, engaged in this study, and the values
of interrater reliability were explained the next part, dependability section.

The last triangulation is the method of data analyses. This study was involved
in three analyses strategies such as in depth analysis of explicit PCK, content
analysis, and constant comparative method. In depth analysis was used to code all
data bases in order to elicit the teacher PCK components. Content analysis method
served to link one component to others which was determined in depth analysis
method. While analyzing the data by content analysis, the researchers had an
opportunity to check the coding results of in depth analysis method. In a similar way,
constant comparative method facilitated to combine the interaction categories arising

from content analysis method and to generate PCK maps by comparing and
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contrasting each interaction category and PCK maps. As a summary, the three
analyses methods acted in a holistic way to reach complete picture of the study. In
other words, the analyses methods have enabled the researchers to reach from many
codes to several maps.

The second strategy is peer debriefing to increase the credibility of the study.
Peer review or debriefing is an external check process to take help from other
researchers for analyzing and interpreting the data (Cresswell, 2007). In this study,
one researcher was invited to give support in coding data, categorizing the codes, and
interpreting the data analysis process of the study. The peer researcher has
experience in qualitative research and PCK. His contribution of analyzing and
interpreting the data helped to increase the validity of the study.

The third strategy is member checks used commonly to increase internal
validity. Member checks or responded validation means that the participants give
feedback concerning the results of the study. It is also the most important practice in
preventing the findings from misinterpretation (Merriam, 2009). In this manner, the
results of the study including data, categories and interpretations were reviewed by
the participant upon whom she gave feedback concerning the accuracy of the data.
After her review, we agreed with the participant about the findings of the study.

Prolonged engagement and long-term observation were the last strategies to
establish the credibility of this study. Prolonged engagement provides to build trust
between the participant and the researcher, to gain more information about context,
and to check the misunderstanding coming from researcher inferences (Creswell,
2007). In this study, while the teacher was teaching the three topics during the two
months, | observed her classroom activities and teaching behaviors. | talked with the
participant and the students about teaching and learning science topics, and school
context to obtain more information.

In summary, according to the qualitative researchers, there are some
strategies to ensure the credibility of a case study as mentioned above and at least
two of such strategies should be used (Creswell, 2007). | was strictly engaged in four
types of strategies (triangulation, peer debriefing, member checks, and long-term

observation) and the detailed description of the methodology of the study to establish
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the credibility of this study. Researchers’ experience and training are also important
concern in conducting a high quality case study (Yin, 2009). In this respect, the
researcher has been familiar with qualitative research and science teacher PCK. He
has experience as a research assistant with pre-service science teachers for six years
in the science methods course, practice teaching course, and other graduate courses
to help enhance students' PCK. The pilot study also provided the researcher with

valuable information about designing and conducting the main study.

3.8.2 Dependability

Dependability is related to minimizing the mistakes and biases and it focuses
on the reproducibility of research findings in a study (Yin, 2009). A study sometimes
can give dissimilar results in social science owing to fact that the human behavior is
unstable. Therefore, it is important to answer the question of how much the results of
the study coincide with the data collected during the study (Merriam, 2009). In order
to answer this question in present study, some strategies suggested by the researchers
such as using case study protocol, forming case study data base (Yin, 2009),
triangulations, peer examination, researcher position, and detailed description of the
study methodology (Merriam, 2009) were used to increase the dependability of the
study. The two researchers were also engaged in data collection process such as
coding and categorizing the data, and classroom observations. The interrater
reliability was calculated by using a formula (Miles and Huberman, 1994) to find out
evidence for reliability. The interrater reliability for the data coding (cart-sorting
activities, CoRe plans and interviews, and observations) was 84%. Moreover, the two
researchers were engaged in the classroom observations and the data were collected
by the observation protocol. The interrater reliability of the observation protocols
was 85%. Finally, while the constructing of the PCK maps, the two researchers also
coded separately the related data and its reliability was 79%. After calculating of
reliabilities, the discrepancies were discussed by the researchers and the agreement

was revealed.
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The discrepancies were handled by reaching a consensus, and then the codes
were either accepted or removed from the study. The following events were a few
examples of overcoming consensus process;

1. The teacher’s opinion about her students’ attitude toward the unit of force
and movement led to a mismatch among researchers while engaging in depth-
analyzing process. One researcher coded the teacher sentence “the students had
prejudices or bias about the force theme, and they did not like this topic” as KoL.
Whereas other researcher believed that this sentence was related to teacher general
opinion and no need to code as KoL. Therefore, we removed this sentence from KoL
category.

2. The following sentence led to appear discrepancy between inter-coders.
The teacher evaluated her students’ lab performance about lever topics and she
appreciated the performance of the students with this sentence “Even high school
students could not be successful in this experiment”. This sentence was coded in
different perspective by the researchers. One coded it as KoL in terms of high school
level whereas the other coded it as KoC. After discussion this mismatch, the
researchers agreed to remove this sentence from code data bases.

3. One example of discrepancy appeared in the evaluation of the students’
performance in gears and hoops topics. After completing the introduction of topics,
the teacher did not practice any problems on the board. Rather she distributed the
handout including multiple chooses test in order her students to gain better
understanding related topics. Then, the students began to solve each test item.
However, some items led to appear difficulty for some students and the teacher was
interested in explaining the related problem for that student. Stated differently, the
teacher did not explain all questions on the board, and she focused on only test items
including difficulties. Therefore, this process provided to save time. One researcher
coded this teaching pedagogy as new type of assessment strategy. However, the other
did not accept this code because he believed that while interviewing the teacher
about this pedagogy, the researcher had affected the teacher to accept that this
pedagogy was a strategy. Namely, there was a bias arising from the researcher in
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terms of this pedagogy. So we did not accept this code as a new instructional
technique.

4. Some codes were not realized by the researcher when interview data set
was coded. These codes were related to generally the characteristics of gifted
students and enrichment curriculum. The students asked so many questions including
upper grade level content (does one object in a stable position have Kinetic energy
because of having electrons?, or one student imagined that he moved an object in his
mind, so did this object perform any work?). The students asked the teacher to
explain each of them. While coding the explanations, the researcher did not consider
them as characteristics of gifted students, or not realize and skip them. Therefore, we
discussed the reason of the code and then the researchers accepted the codes related
to characteristics of gifted students.

5. While coding the teacher’s class practices, the researcher coded the
location in which the teacher practiced her teaching such as blackboard and around
the teacher table as physical environment but the other researcher did not code.
Therefore, we accepted this code as physical environment of classroom.

6. While the students were engaging the lab activities, they used some science
process skills such as observation, data collection, categorizing the data in table, and
discussion about the data results. The researcher coded as these skills arising from
the teachers’ pedagogies but the teacher did not present any pedagogy to explain the
skills explicitly. Thus, we did not use this code.

7. The researcher coded the teacher classroom management performance.
However, the teacher classroom management skills are related to the knowledge of
general pedagogy. Therefore, we did not use these codes in this study including a
topic-specific nature.

8. Some students could solve particular difficult problems in a one minute so
this behavior was coded a characteristic of gifted students. However, other researcher
did not realize this behavior. So we discussed it and accepted as a gifted students’
characteristic. Another discrepancy appeared in the students’ homework
performance, and time spent period. The teacher checked the students’ performance

while they had been completing their homework in a particular time. However, this
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behavior was not coded by the researcher as the teacher individual interest in her
students. Therefore, we discussed and reach a consensus that it was related to teacher
knowledge of individual assessment. Another example appeared in this teacher
pedagogy in which the teacher did not move the next topics or problems until all
students gain better understanding related topics. In this respect, this pedagogy was
ignored by the researcher. After discussion related code, we reached a consensus as it
is an individual interest of the teacher.

9. While determining interaction categories, some interaction codes such as
STO-KoC (The aim of the teacher was to present enrichment activities by offering
mathematical problems and formula) or KoL-KoC (enrichment activities were not
appropriate for non-gifted students) were not realized by the researcher. Therefore,
we needed to discuss them and we accepted these codes.

10. Some codes were not accepted in a topic specific nature so we removed
them in the study. for example, KoL-KolS-KoA-KolS (the teacher thought that the
students’ alternative conceptions were able to determine with questioning and
observation their performance, and verbal explanation was enough to handle of these
conceptions in the planning process of kinetic and potential energy) this code was not
accepted by the researchers because the teacher explanations for each components
was not enough based on interaction categories.

11. While coding the interactions of PCK components in the teacher teaching,
some discrepancies appeared among researchers, especially complex interactions
such as KolS-KoA-KoL-KolS, KoL-KoC-KolS, or KolS-KoC-KoA-KoL-KolS-
KoL-KolS. The researcher determined some interactions which was the half of
teaching segment. The rest of the other part of the teaching segment was also coded
as a different interaction such as KolS-KoA (using questioning techniques as an
assessment) and KoL-KolS was the other part of teaching segment (the learning
difficulties were handled by a specific instructional strategies). Therefore, the
researcher was not able to connect KoA-KoL interaction (as results of assessment,
the teacher realized an alternative conception or learning difficulties). So we

discussed this connection and reached a consensus about the complex interactions.
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12. Some interactions also did not realize by the researcher such as STO-
KolS (the aim of the teacher to present enrichment activities by offering
mathematical formula) or KoC-KoL (some enrichment activities lead to learning
difficulties). Those interactions were discussed to reach a consensus, and then we
accepted these interactions.

3.8.3 Transferability

Transferability is related to external validity that emphasizes generalizing the
results of the study to other populations (Yin, 2009). However, case studies, owing to
their being qualitative, do not consider generalizing situations. The aim of a case
study, therefore, is to obtain detailed information about social phenomena, not to
generalize from one case to another. The question of transferability focuses on how
we can apply the results of a study to other cases (Merriam, 2009). In order to
enhance transferability in this study, rich, and detailed description of the study
context was employed. In this regard, the teacher's experience and demographic
information, the students, physical environment of the private school, and classroom
were explained. Another element to increase transferability of the study was to
develop a case study protocol including data collection processes and analyses
procedures. Thus, the results of the study could be shared with other case studies

including familiar context and science topics.

3.9 The Role of the Researcher

The researcher plays an important role in qualitative studies because the
researcher involved in the data collection and analysis processes as a primary
instrument. In order to increase the trustworthiness of a study, degree of the
researcher participantness, revealedness, and extensiveness (Patton, 2002) should be
explained. The participantness varies from full participant to complete observer
depending on the aim of the study. In the present study, | assumed the role of a
complete observer sitting a desk at the back of the classroom, and observed the
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teaching context. | did not involve in any teaching activities, or did not participate in
any discussion.

The revealedness means to introduce the researcher's role the participant and
school context. Before conducting study, the participant teacher was informed about
the aim of the study and research process including data collection tools and the
timeline in the teaching of three topics. After the teacher agreed to participate in the
study, the schedules for the participant and the researcher were established for the
inquiry. In order to become used to the school context and the students, | started to
visit the school two weeks prior to actual observations. However, | did not collect
any data at this stage. | was introduced to the students as a pre-service science
teacher in order not to intimidate, and prevent the students from acting naturally in
the classroom.

The last issue concerning of the role of the researcher is intensiveness-
extensiveness. The school context was first visited in May 2014 and the participant
teacher agreed to join the study which would start in November 2014. 1 visited the
teacher several times to obtain demographic information and teaching strategies
before starting. Thus, | gained much information about school context and we
established rapport.

3.10 Ethical Issues

Frankel and Wallen (2009) suggest that three concerns should be considered
to ensure ethical issues. The first one is protecting participants from possible harms.
In this study, in order to assure the participant that the study would not affect her in a
negative way, a permission form was arranged to submit to the Institutional Review
Board and Ministry of National Education. After receiving the research permission
(Appendix E) which confirms that the research would not lead to any potential harm
to the participant and the students, the participant volunteered to join the study.
Moreover, the names of the school and the participant were prevented to reveal by
using pseudonym such as the school, the participant or the teacher, and the students
during the data transcribing, analyzing and writing results. The second ethical
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concern is confidentiality of data. In this study, in order to ensure confidentiality of
data, the participant was convinced that no one (except for the researcher, his
advisor, co-coder, and co-observer) would reach the data of the study. The last
ethical concern is deception. In order to protect the participant form deception in this
study, the participant was informed about the aim of the study and the results of the

data were presented to the participant at the end of the research.

3.11 Limitation of the Study

Due to the fact that the study has a qualitative nature, | studied the case study
within some limitations. The first one was related to the transferability. In generally,
the results of any case have limitation for generalizability of the results in other
contexts, as teachers' PCK vary from context to context. This study was conducted
with a science teacher of gifted students in a private school in Turkey with three
physics topics. However, any teacher in Turkey or other countries may not represent
his/her pedagogy while teaching three physics topics as well as the one in my study.
However, the results of the study may be compared to and contrasted with the other
studies’ results, and the differences among the studies may be discussed in terms of
the study context.

The second limitation of the study was the presence of the researcher in the
classroom during observations. The students might be affected from the observer and
they would not behave naturally. In order to handle this limitation, I, as the observer,
was introduced as a pre-service teacher and | started to observe two weeks earlier for
making them to be familiar.

The last limitation was about video recording during classroom observations.
Due to the special statues of the school, | was not allowed to videotape of classroom
practice. However, the teacher's behaviors and interaction with students are
important for PCK studies. In order to deal with this limitation, a voice recorder,

field note, and co-observer were used during classroom observations.
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3.12 Timeline of the Study

The study timeline was given following Table 3.3

Table 3.3. Timeline of the Study

Date Events

September 2013- December 2013 Design of the study

Development of the data collection tools
December 2013- February 2014 (card-sorting activities, interview questions,
observation protocol)

February 2014- April 2014 Getting permission
April 2014- June 2014 Pilot study in the Science and Art Center
Analyses of the pilot study, review of the
June 2014- October 2014 data collection tools with regards to pilot
study.

Conducting the main study in the private

November 2014-January 2015
school

Preparing the data for analysis (transcription
February 2015- June 2015 of the pre-post interviews and observation
records) The data analyses with NVivo

June-2015 - November 2016 Writing results part of the thesis

November 2016 - June 2017 Writing conclusion and discussion section

3.13 Assumptions of the Study
This study has been conducted in line with some assumptions about nature of
PCK.

1. The participant teacher has solid SMK while planning and teaching for

three topics.

2. The participant teacher has enough knowledge in order to meet the

educational needs of gifted students.
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3. Because PCK is transformative knowledge, the participant has used other
knowledge bases effectively (SMK, general pedagogy knowledge, etc.) to teach

related topics.

4. The participant teacher reflected seriously and honestly her thought and
beliefs while participating to answer all data collection process such as pre-post

interviews, card-sorting activities, and CoRe plans.
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CHAPTER 4

FINDINGS

In this chapter, | explained the findings of the data set including card-sorting
activities, pre-post interviews, classroom observations, and field notes. The research
questions shaped the titles of the findings. First | described the nature of teacher PCK
and its components, and then the second research question took place in this chapter.
In this study, the teacher’s PCK was examined in terms of the three physics topics,
namely, work and energy, simple machines, and friction force. While describing each
finding title, the three topics were compared and contrasted involving the teacher’s
knowledge, views, and applications. Finally, each title has a summary paragraph

explaining related research and sub research questions.

4.1 General View of the Teacher’s Teaching

The participant teacher had a pattern in teaching of the second unit “force and
motion” in the elementary science curriculum. Table 4.1 shows the teacher’s
applications in detail while each topic or concept was being taught. During the class
hour, the teacher generally had four parts, namely, beginning of the lesson,
introduction of the new concept, elaboration of the concept, and evaluation. In the
first part of her teaching, she reminded the students the concepts covered in the
previous lessons by using questioning or lecturing techniques. After a brief reminder,
in the second part of her lesson, she introduced the new concepts by asking questions
to check students’ knowledge and alternative concepts. Then, in the third part of her
lesson, she explained the new concept by using daily life examples, analogies, and
many visual materials in the power-point presentation. She also gave formulas to
provide more concrete awareness to enhance students’ understanding related to the

concepts and she had students take notes on important definitions and factors.
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Table 4.1.Teacher’s Teaching Pattern

Introduction of

Presentation and

Topicsand  Beginningof - anew conept gjzpsraion of the  Evaluation
P g9ag target concepts
Lectures using . Monitors class,
. Asks warm-up examples an_d visual asks questions
Reactivates the . materials, Gives the ! ’
. questions to and gives
Work and previous . formula of work, and
determine X handouts
energy concepts (e.g., . dictates the concepts . X
. alternative including
springs) for students to take . .
concepts multiple choice-
notes
test
Monitors class,
Asks warm-up _ asks questions,
o Reactivates the  questions to Gives a formula of and gives
Kinetic - ; -1 2
previous determine K= /va ,and handouts
energy . . X
concepts alternative examples including
concepts multiple choice-
test
Monitors class,
Asks rhetorical Gives a formula of asks questions,
. Summarizes questions, and P=mgh, examples, and  and gives
Potential : :
ener the previous demonstratesto  dictates the concepts handouts
gy two topics attract students®  for students to take including

Conservation
of energy

simple
machines

Lever

No pedagogical
action

No pedagogical
action

Summarizes
previous lesson

attention

Gives example
of pendulum,
and asks
questions

Asks warm-up
questions to
determine
alternative
concepts

Engages students
with an
experiment
aiming to
discover the
features of a
lever

notes

Gives more examples
using power point
presentation, and
dictates the concepts
for students to take
notes

Gives daily life
examples

Guides a discussion of
the experiment results,
gives formula and
examples, and dictates
the concepts for
students to take notes

multiple choice-
test

Monitors class,
asks questions,
and gives
handouts
including
multiple choice-
test

Monitors class,
and asks
questions

Monitors class,
and asks
questions
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Table 4.1. Teacher’s Teaching Pattern (Continued)

Introduction of

Presentation and

Tfopr:gz atr;d Bteﬁg}’e‘;ggn"f o Cg;‘;enﬁt elaboration of the Evaluation
P g9ag target concepts
Lectures and Monitors c_Iass,
. asks questions,
. demonstrates using !
No Asks questions . and gives
. . lab materials, and
Pulley pedagogical and gives . handouts
. dictates the concepts . :
action examples including
for students to take - .
multiple choice-
notes
test
Monitors class,
Hoist Asks questions :ﬂés qi\lj:“on&
(blockand ~ Summarizes of q . Lectures, and gives g
tackle pulley) the pulley a_nd gives daily examples handoyts
life examples including
multiple choice-
test
Lectures and gives
Demonstrates, .
. No formula and Monitors class,
Inclined . and asks .
pedagogical : . examples, and dictates and asks
plane - question using ;
action - the concepts for questions
lab materials
students to take notes
Spinning Explains usin Lectures and gives
wheel Summarizes of anaplo betwgen formula and Monitors class,
(Wheel and  the inclined lever gz q examples, and dictates and asks
axle) plane spinnina wheel the concepts for questions
P g students to take notes
. Monitors class,
. Lectures and gives X
Asks questions, asks questions,
formula and !
No and and gives
Gears and . examples, and
pedagogical demonstrates - handouts
hoop . . dictates the concepts - .
action using model of including
for students to take - .
gears and hoop multiple choice-
notes
test
Engages
students in an Monitors class,
. experiment to . . . asks questions,
Asks questions discover the Guides a _dlscussmn of gives handouts
- to help X . the experiment results, : .
Friction relationships ) including
students to - and dictates the . .
force between weight multiple choice-

recall friction
force

and force, and
surface area and
force,
respectively

concepts for students
to take notes

test, and gives an
achievement test
end of the unit
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The last part of her lesson was related to evaluation of students’ understanding. She
used informal (observation students, and questioning during her teaching) and formal
(giving handout including multiple chooses test, or open ended test) assessment
techniques at the end of her teaching.

The teacher generally displayed the pattern showing in Table 4.1 during her
teaching of three physics topics. In order to find the answers to the first research
question and the sub questions, her PCK analysis was explained in detail using the
following order; STO, KoC, KoL, KolS, and KoA.

4.2 The Findings of the Topic-Specific Nature of PCK

4.2.1 Science Teaching Orientation (STO)

According to Table 4.1, the data come from classroom observations and
interviews; thus, it is seen that the teacher had complex STO in teaching three
physics topics. She tried to activate all students by using questions. In order to make
students understand the related concepts she was able to control their learning
successfully. The students were also active participants during each part of the
lessons because of their special gifted characteristics. The teacher stated the students’
role in her class as follows;

...If I always lecture the topics and they are asked to listen to me for a long
time, they don’t listen me...They become bored and you can even
understand their boredom from their eyes. They need to engage in an active
learning environment.

...in this activities, the students are active and teachers are passive. Our

purpose is to make students learn by experience in order to obtain

meaningful learning. We know that they don’t enjoy the lecturing... Thus,

hands on activities are more appropriate for these students (card-sorting

activity, simple machines).

Therefore, we cannot say that the teacher had teacher-centered orientation.
She also tried to create a discussion atmosphere by using visual materials, examples,
demonstrations which help students explain their thoughts about related concepts.

Moreover, she conducted two inductive lab applications in order for the students to
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discover the related phenomena. The students used the lab materials and observed,
measured, and discussed the results of the experiment about features of the lever and
friction force. As a result, we cannot say that the teacher had a didactic orientation
explained by Magnusson et al. (1999) which is about convey the SMK to the
students.

In comparison Table 4.1, there are also results related with the card-sorting
activities in which we observed some differences between the teacher’s ideal goals
and her practices in the classroom. The card-sorting activities include four parts of
scenarios such as curriculum and school goals, work and energy, simple machines,
and friction force. The first category of scenarios is related to curriculum and school
goals abbreviated in C, referring to portray the teacher’s STO about schooling,
affective, gifted education goals, and reality of Turkish education system shown in
Table 4.2 in detail, and all scenarios were presented in Appendix A. Due to the fact
that the school has served gifted students; the teacher had different goals in addition
to those of the elementary science curriculum. In addition to C1, C2, and C3
scenarios which reflect goals of the gifted students’ education, the teacher also
selected C2, C3, and C5 scenarios in order to reflect her goals. The teacher
considered determining gifted student’s special abilities and enhancing those abilities
in addition to goals of the elementary science curriculum. Moreover, she stated
following goals;

...In addition to science curriculum, we use enriched curriculum where we
design and plan different activities including watching a video or
documentaries, playing games, and doing a field study. In school, there are
also workshops or application classes for each subject. For 7" grade science
class, the students can participate in an application course which is planned
and designed by the other science teacher. In this course, the students can
obtain theoretical knowledge and practice into related topics.

... In order to enhance the students' technological ability in education, tablet
computers are used by each student in the science class. The students
generally use tablets to play games but | encourage the students to use their
tablets for educational purposes (card-sorting activity, teacher goals).

Development of communication and interaction among the students was also

important for the teacher. Some students had a lack of this skill; therefore, the
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teacher assigned research topics to such students. Then, the students were asked to

present their findings to classmates so as to enhance their communication skills.

Table 4.2. Findings of the Card-Sorting Activities

. Scenarios: Scenarios: not Scenarios: not
Topics
parallel parallel sure
Curriculum and school C2,C3,C5 C4 C1,C6
goals
Work and energy 1,4,5,6,8 2,3 7,9
Simple machines 1,3,4,5,6,8,9 2 7
Friction force 1,3,4,5,6,8 2 7

C1: reality of Turkish education system, C2 and C3: gifted education
goals, C4: history of development of concepts, C5: affective domain, and
C6: science technology sociality and environment goals

Scenarios for topics, 1: process, 2: didactic, 3: academic rigor, 4:
conceptual change, 5: activity-driven, 6: discovery, 7: project-based
science, 8: Inquiry, 9: guided inquiry.

The teacher was unsure about scenarios C1, C6 regarding whether she could
reflect them in her teaching or not. According to scenario C1, taking a high grade
from high school entrance exam (TEOG) was important for the teacher but it was not
expected from all students to succeed with a high grade because there could be some
students having art, music, etc skills and talent instead of academic skills. Thus, the
teacher had some doubts about this scenario. Scenario C6, on the other hand, is
related to meeting or interviewing the experts to understand effect of technological
development on environment and society. The teacher had a positive attitude toward
C6 scenario but she did not actually plan any such meeting while teaching the topics,
because she did not have enough time to teach the related unit.

The teacher did not select the scenario C4 as a parallel application. She did
not explain the historical development of the concepts and she explained the reason

as follows;
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...if a student has an interest in the related concept, he/she does research
related to the concept. Then, he/she presents it in the classroom. If he/she has
a difficulty regarding the research, he/she can ask me, and |
explain...otherwise the students get bored when | present the historical
development of all the concepts.

Table 4.2 shows the results of the card-sorting activities which were
conducted separately for each topic, work and energy, simple machines, and friction
force. The first topic analyzed to determine the teacher STO was work and energy,
and the scenarios of 1, 4, 5, 6, and 8 were grouped by the teacher as parallel
scenarios with her teaching. The teacher selected Scenario 1 as an appropriate
activity for gifted students due to the fact that Scenario 1 includes a skill in which
students can collect the data by using observation. However, | observed that only two
class times were allocated to enable students to engage in lab activities through
experiencing of observation, measurement, and discussion skills in the teaching of
lever and friction force topics. On the other hand, it was not seen any pedagogical
activities related to science process skills during the class observations on teaching
work and energy topic. In addition to those mentioned above, while teaching kinetic
and potential energy, the teacher tried to engage the students in the lab activities
including science process skills. However, the students could not complete the
activity due to lack of enough time. Another scenario selected by the teacher as
parallel with her teaching was Scenario 4, which includes conceptual change activity
in which it aims to determine and handle students’ alternative concepts. According to
the class observations and post-interview about work and energy, the teacher
believed that she used a conceptual change method namely the questioning technique
to determine the students’ alternative concepts, and the lecturing technique to handle
the students’ alternative concepts while teaching each topic (Table 4.1). Another
scenario parallel with her teaching was Scenario 5, which includes using of models,
examples, visual materials, and activities to engage the students in lessons.
According to Table 4.1, the teacher used mathematical formula, examples, and visual
materials to make the concepts more concrete while teaching work and energy topics.
In this regard, her teaching of work and energy topics was in harmony with the

feature of Scenario 5. The result of the scenario 6 was related to lab activities which

146



aim to allow students to discover potential and kinetic energy. The teacher selected
the scenario as a parallel to her teaching because she integrated a lab activity in her
CoRe plan. However, she could not apply any lab activity owing to limited time. The
gifted student elaborated the previous topic of work and energy with their questions,
so the teacher could not complete her teaching plan on time. Although there was
limited time, she had intended to devote the next topics and she tried to engage the
students in lab activities for discovering potential and kinetic energy. However, the
students could not complete the activity. The last scenario selected by the teacher as
parallel with her teaching was Scenario 8, which allows students to participate in an
inquiry application. The teacher targeted to exploit an activity to help students to
discover the concept of physical work. However, | did not observe any inquiry
application for work and energy topics during the class time. Actually, Scenario 8
attracted the teacher’s attention very much. The following text reflects her
excitement about the scenario;

...we would like to offer a question or problem to the students to
hypothesize related phenomena, to observe, and to conduct an experiment to
obtain data. This scenario is like learning science based on argumentation. |
would like to apply it through teaching of all units of force and motion (card-
sorting activity, work and energy).

As for the scenarios not parallel with her teaching, the teacher selected
Scenarios 2 and 3, which are related to didactic and academic rigor activities
respectively. The teacher did not prefer to use these activities because she believed
that the gifted students would get bored of them. On the other hand, she selected
Scenarios 7 and 9, which are related to project based learning and guided inquiry as
not sure to apply. Regarding Scenario 7 the teacher explained her reason for not
appropriate for her teaching as follows;

... the students must be voluntary in project works. If a student did not like
the topic of work and energy, she/he would be unsuccessful. Students can
participate in projects that interest them...

Therefore, the teacher did not have a plan to assign a project topic. If a
student was interested in this topic, she would assign the project. The teacher’s

opinion about scenario 9 is that she refused teacher’s help during inquiry application
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owing to her belief that the students should discover related phenomena in group
work.

As for the teacher’ STO for topic of simple machines and friction force,
similar results to the topic of work and energy were obtained from the card-sorting
activities. The teacher selected the scenarios including student-center activities
because her aim in teaching of the topics was to encourage the students to become
active participant. In addition, she refused to select didactic STO and she was not
sure to use the project base strategy in teaching those topics. However, she added
Scenario 3 (academic rigor) selected in a group where scenarios were not parallel her
teaching for card-sorting activity of work and energy to group where scenarios were
parallel her teaching. Furthermore, the teacher believed that the academic rigor
includes difficult problems and challenge applications and Scenario 3 was more
appropriate for gifted students to elaborate their understanding of the topics.
Especially, the teacher thought that simple machines problems and challenged
examples help to enhance the students’ problem solving and critical thinking ability.

As a result, the participant’s STO was investigated in two sections such as the
teacher’s goals and purposes of science teaching, and science teaching and learning.
In addition to science curriculum goals and purposes, her goals of science teaching to
gifted students were to enhance her students’ knowledge and abilities through
providing enrichment activities in order for students to perform their future projects.
For this reason, she believed that science process skills required to be performed by
students as much as possible. However, she did not have any goals and purposes to
integrate nature of science abilities in her teaching. On the other hand, the teacher’s
belief on science teaching and learning was represented by scenarios including
students-centered activities and practices and she refused the teacher-centered
application. In other words, she selected the scenarios of academic rigor and didactic
as non-parallel teaching activities with her teaching for work and energy. However,
she thought that only academic rigor could be employed in enriched activities during
teaching of simple machines and friction force. In other words, she believed that her
gifted students need to engage in difficult and challenge situations so that academic

rigor could provide to meet their needs.
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The teacher considered the scenarios of 1, 4, 5, 6, 8, and 9 as representing her
teaching because the scenarios have student-center learning activities. Only scenarios
4 conceptual change and scenarios 5 activity-driven were employed by the teacher
while teaching three topics. However, there were some mismatches between the
teacher beliefs and her applications in the classroom in terms of scenarios 1, 6, 8, and
9. Scenario 1 including science process abilities and scenario 6 including discovery
learning activity were applied in a lab activity while teaching both simple machines
and friction force but it was not able to apply during teaching of work and energy
because of external factors such as lack enough of time, and insufficient inquiry
abilities on the students. In this respect, the teacher’ beliefs partially aligned with her
teaching practices. However, both inquiry learning (scenario 8) and guided inquiry
(scenario 9) were not taken place in her teaching practices. In this situation, there
was a mismatch between the teacher beliefs and practices.

The teacher was against teacher-centered teaching and her students seemed to
be bored of these kinds of applications. However, according to the table 4.1, she
generally employed the lecturing technique to introduce new science concepts. She
also enriched her lectures by utilizing power point presentation, demonstrations,
models, examples and questions in order for students to be active participants.

4.2.2 Knowledge of the Curriculum (KoC)

Science curriculum includes science course objectives, classroom and outside
activities, limitations, students’ alternative conceptions, timeline (schedule), teaching
methods and strategies, and assessment techniques. In this study, the teacher
followed the science curriculum to select objectives, materials, and activities to
provide conceptual understanding and science process skills. It was seen that the
teacher followed the curriculum when she prepared her lesson plans for simple
machines including levers, pulleys, inclined plane, and gears and hoops examples by
giving equal class hours suggested in the curriculum. However, the teacher arranged

the schedule differently from curriculum by allocating 3.5 class hours for levers, 4
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for pulleys, 1.5 for inclined plane, and 1 for gears and hoops. She explained the
reason for selecting this time order as follows;

... Since the science curriculum offers the topics in this order. The topic of

levers and pulleys are more emphasized than others and their objectives are

more than others. We also did some experiments in the topic of levers and

pulleys. Thus they took longer time. The other topics are not as important in

the TEOG (entrance exam for high schools) and other exams as the topic of

levers and pulleys...(post-interview in the simple machines).

Therefore, the curriculum helps the teacher as a guide because the first aim of
her was to achieve the students’ conceptual understanding. The other her aim was to
enhance the gifted students' abilities by using enriched activities. The gifted students
need to engage in different activities since they learned the curriculum objectives and
topics easily and in a short time. The exam conducted at the end of the unit was

evidence for the students’ high scores. The average of the exam was 85 out of

hundred.

4.2.2.1 Knowledge of the Enrichment Curriculum (KoEc)

The students showed high performance to understand related science concepts
and they could reach curriculum objectives in a shorter class time than that offered
by the curriculum for regular students. In the rest of the class time, the teacher
arranged or planned different activities to meet the needs of the gifted students.
Therefore, 1 coded these activities in a category called knowledge of enrichment
curriculum. According to the data set, different from 7" grade science curriculum the
teacher used enrichment curriculum which provides the gifted students with higher or
deeper knowledge and applications. The teacher considered the enrichment
curriculum as follows;

... use the limitations in the science curriculum as enrichment activities. |
am looking for, if there is a limitation for 7" grade students, and if the
limitation is appropriate for the students, |1 can design the limitation as
enrichment activity (pre-interview of work and energy).

...in this semester, | did not have enough class time and | only planned to
apply the problems including mathematical calculation and formula about
work and energy. If I have more class time, | will engage the students in high
school curriculum objectives. (post-interview work and energy).
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The enrichment applications may include integration of upper grades level science
concepts and materials into 7 grade level. Table 4.3 shows the teacher's KoC and
KoEc in detail in terms of the three topics.

As for analyzing work and energy topics in terms of the teacher’s curriculum
knowledge, Table 4.3 shows the differences between KoC and KoEc. The teacher
used the knowledge including 7™ grade objectives, activities and materials shaping
the teacher' KoC. In this category, the teacher's aim was to teach students conceptual
understanding of objectives related to work and energy topics. On the other hand, in
KoEc category, the teacher used upper grade science concepts, examples, and
materials such as a piece of work acted by resultant force, and using a formula to
calculate a work done by any objects. For example, while explaining the work done
by resultant force, the teacher said that an object having the perpendicular force did
not mean doing any work. And then, one student asked; if | applied the force with a
45-degree angle to the pencil, what would happen? Would the pencil do any work?
The teacher answered this question by explaining that the pencil was exposed via
horizontal and vertical forces, and each force allowed the pencil to travel both
vertical and horizontal directions. In doing so, each force and displace provided the
pencil with a piece of work. In order to make her explanation more concrete, she
gave an example in which a child ascend stairs with a bag in his hand.

The other example of KoEc application in work and energy topics is the
questions in Figure 4.1. With the questions, the teacher asked her students to
calculate the work of each object by using the following formula;

Work (W) = Force (F). Length (X)

As for analyzing the topics of kinetic and potential energy in terms of the
teacher’s enrichment curriculum knowledge, the teacher used her KoEc, similar to
the one observed in the topics of work and energy. Table 4.3 also shows clearly her
KoC and KoEc. The teacher presented the curriculum objectives in the first part of
her lesson. In the second part of the lesson, in order to extend their conceptual
understanding, she provided the students with enrichment activities requiring her

students to use mathematical calculations and formula including units and symbols of
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kinetic and potential energy. The detail information about the activities was

presented under the title of Knowledge of Instructional Strategies.

Table 4.3. The Differences between KoC and KoEc

Topics

KoC (curriculum objectives)

KoEc

Work and energy

Kinetic and

potential energy

Simple machines

Friction force

To investigate the relationship
between force, work and energy.
To define work and to specify units
of work.

To express that the force which acts
perpendicular to an object does not
mean a work.

To identify that energy is the ability
of work.

To recognize that moving objects
have kinetic energy.

To discover relationship between
kinetic energy and speed/mass.

To indicate objects have gravitational
potential energy according to their
location.

To discover relationship between
potential energy and height/mass.

To determine how changes the
direction of the force.

To identify simple machines.

To recognize getting greater output
force than input force by using
simple machines.

To identify that simple machines
provide only ease of doing work, and
not energy savings.

To show the heat of the friction
surface.

To recognize that friction force leads
to decrease in the kinetic energy.

To explain energy transformation in
terms of kinetic energy.

To investigate work done by
the resultant force (the
effects of sino and cosa
values).

To use a formula to calculate
the amount of work.

To use the formulas to
calculate kinetic and
potential energy.

To specify the units and to
identify symbols of the
kinetic and potential energy.

To identify hoists, spinning
wheel, gears and hoop as
example of simple machines.
To consider pulley weight
while calculating force.

To calculate force and load
by using a formula.

To show what factors affect
friction force by doing an
experiment?

152



—=10N m I=—°F
30 meter X meter

== 20N T e 2F
30 meter X meter

—= 30N 3m —= 3F
30 meter X meter

Calculate the work of above each object. Sort the work of each object in descending
order.

Figure 4.1. Enrichment Activities for Work and Energy

As for analyzing the topics of simple machines in terms of the teacher’s
enrichment curriculum knowledge, the teacher’s ability to design and apply that
knowledge was seen more clearly. The objectives in the science curriculum were
related to definition of simple machines, examples of them, and their usage areas in
daily life. In this regard, the students could attain easily the objectives because of
their gifted characteristics, and the teacher offered more complex examples of simple
machines such as hoists, spinning wheel, gears, and hoop. Moreover, in order to
enhance conceptual understanding of mechanical advantages of any applied force,
the formula of each example of simple machine was practiced by the students. After
teaching the topics of simple machines, the teacher evaluated her teaching as follows;

...the elementary science curriculum does not consider hoists in detail but
we did. Mathematical formulas and difficult problems were practiced by the
students. We will add these applications next year as enrichment activities.
These applications are appropriate for the gifted students, and the students
had favorable reaction to the applications and problems...

I will add something about inclined plane. The more difficult questions
about inclined plane may be presented. (post-interview of simple machines).

In addition to above activities, combined machines requiring at least three simple
machines working together were also introduced by using visual and lab materials,

and problems including mathematical formulas were practiced by the students. All
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these applications mentioned above except for 7" grade objectives were called
enrichment curriculum activities and materials.

As for analyzing the topics of friction force in terms of the teacher’s
enrichment curriculum knowledge, the teacher considered to teach the objectives in
one class hour, and in another class hour, the students engaged in lab experiment
about investigating the relationships between friction force and surface/weight of
objects. This experiment was not addressed in the 7" grade curriculum as an
objective, so the teacher considered the experiment as an enrichment activity. On the
other hand, the teacher planned to watch a video related to air resistance of the
friction force as an enriched activity in order to create the discussion environment
with the students. However, having a short time for friction force topic hindered the
application of this activity because the discussion requires an extra class-hour.

As a result, the activities including upper grade level objectives and materials
except for seventh grade curriculum were designed and practiced by the teacher as
enrichment activities. I categorized these teachers’ knowledge and abilities as the

teacher KoEc.

4.2.2.2 Knowledge of Goals and Objectives and Specific Curricular Program

According to Magnusson et al. (1999), the KoC involves two titles;
knowledge of goals and objectives, and specific curricular program. The results of
the first title are related to teacher knowledge about concepts in the horizontal and
vertical relationship. Horizontal relationship of concepts is that teaching and learning
one concept is affected by the teaching and learning prior concept in the same grade
level. In doing so, teaching and learning the next concepts are influenced naturally.
In this regard, the teacher was aware of effect of horizontal relationship of concepts
and stated this relationship as follows;

... Without teaching the work concept, the students would not understand
the concept of energy very well. The energy is the ability of work. It is also
important to learn these concepts in the following order; force, work, energy,
kinetic energy, and potential energy. The curriculum offers these topics in
this order (post-interview about topic of work and energy).
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It was mentioned that the teacher followed strictly the science curriculum to
select goals and objectives of work and energy topic. Similarly, she considered the
simple machines topic in the curriculum order. First, she taught what the simple
machines are and then examples of each machine. However, she differentiated the
teaching order of the examples of simple machines in the following order; lever,
pulleys, hoists, inclined plane, spinning wheel, gears and hoops. Furthermore, she
explained the reason of designing this order that an easy way of teaching mechanical
advantage and disadvantage is to introduce the example of lever because the other
examples of simple machines are more complex than lever. Then, pulley is
prerequisite of understanding hoists. Moreover, the teacher used the analogy of lever
to teach inclined plane and spinning wheel. In doing so, she believed that her
students could transfer the lever knowledge to the application of inclined plane and
spinning wheel.

When it comes to analyzing vertical relation of concepts, the teacher’s
knowledge was more prominent. The science curriculum was a holistic in terms of
the distribution of topics in the grade levels. For example, force concept was
considered in each grade level from fourth to eighth in terms of different scientific
phenomena and the force concept at each grade must be captured by students so that
meaningful learning has been achieved. In this respect, the teacher was able to
analyze the science curriculum in terms of the students' prior knowledge. For
example, the students engaged in the work and energy, kinetic and potential energy,
and simple machines for the first time. However, the friction force has been
introduced to the students in the 5 grade, and the teacher designed the lesson based
on the students' prior knowledge so in her plan she added an enrichment activity
including lab application to discover relationships between surface and mass of
objects. On the other hand, when teaching the topics was introduced for the first
time, the teacher considered the students' alternative conceptions in the related
concepts, and then constructed the target concepts in a meaningful way.

An example of the teacher’s knowledge of the vertical relation of concepts

was observed while teaching the energy conservation topic. After the students gained
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the problems of potential and Kkinetic energy, the teacher offered the following

question (in Figure 4.2) to her students.

How do Ep and Ek change when the objects are in each position?

Figure 4.2. Questions about the Energy Conservation Topic

The teacher asked the above question before dealing with the topic of energy
conservation. Many of the students could explain the energy transformation from
Kinetic energy to potential energy and vice versa. | asked the teacher how the
students were able to explain energy conservation easily. Her answer is as follows;

...They have not seen this kind of question before and they don’t have
knowledge about energy conservation. This topic does not take place in the
curriculum before 7" grade. The students have known about topics of force,
balanced force, friction force and speed in the 5" and 6" grades. The
students were only able to transfer friction force, kinetic and potential energy
to energy conservation (post-interview about topic of work and energy).

With this answer, we can say that the teacher effectively used her curriculum
knowledge about vertical relation of force and movement units during 4™, 5, 6™,
and 7" grade levels. Moreover, the teacher could assess the students’ prior
knowledge about simple machines. While conducting pre-interview about teaching
simple machine with her, | asked whether the students could understand the concept
of lever easily. She explained that;

...We had difficulty in teaching these concepts in the previous year. | still
have difficulty to teach them now because the students don’t have any
knowledge about simple machines. They know only force, its units and net
force from 6" grade but they have never faced levers until now... the
students learned friction force in the 5™ grade, and they were knowledgeable
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about daily life examples of friction force (pre-interview about topic of
simple machines).

The teacher could analyze science concepts in terms of previous and next
grade levels effectively. She used the knowledge of vertical relation of the concepts
while designing enrichment activities. An example of vertical relation was observed
in her teaching kinetic energy. The teacher planned to teach the formula of the
kinetic energy and she was concerned whether or not speed and velocity might
hinder practice of the formula as speed and velocity are different concepts. Middle
school students know the concepts of speed as a covering distance in a unit of time.
On the other hand, velocity is a vector quantity and it is in the secondary physics
curriculum. The students may have the probable confusion as a result of the enriched
activity related to upper grade concepts or practice, and the teacher was aware of this
confusion.

Another example of vertical relation of concept in the enriched activities
arose from simple machines. The teacher designed enriched activities using the
limitation of 7" grade curriculum, namely upper grade concepts and applications
such as hoists, gears, hoop, spinning wheel, and problems including practice of the
formula of each simple machine. These enriched activities are generally introduced
to non-gifted students in the secondary physics classes. However, the teacher thought
that it was appropriate to teach these activities to her gifted students, and she
commented as follows;

... Science curriculum does not contain hoists, gears, hoop, spinning wheel,

and mathematical formula of each simple machine. There are limitations for

7" grade students but | will teach all of them. | will offer many problems in

class, and provide them more examples in their assignment handouts. | will

present numerical tasks which help the students prepare for the high school

physics. The students don't have any problems in practice (pre-interview

about topic of simple machines).

The final vertical relation was between science concepts and mathematics
classes. The teacher planned to practice mathematical formulas of each science topic
such as work and energy, and simple machines. However, the students' problem
solving abilities should be improved enough to practice enriched activities as some

formulas include complex equation solving and each formula requires specific
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mathematical abilities. The teacher had some previous experiences related to this
issue, and predicted some difficulties. Therefore, she communicated to the students'
math teacher to obtain some information about their problem and equation solving
abilities. For example, the equation of kinetic energy requires abilities of
Kp=3.m.v?

cross-multiplication and exponential numbers, and the students had these abilities.
However, calculation work of an object including net force with an angle requires
background knowledge in trigonometry such as the formula;

W =F.sina.X
Therefore, the teacher avoided explaining this equation while the students were
calculating any object work because she knew that the students would learn
trigonometry in the 8" grade level. As a result, it is evident from previous case, the
students’ limited abilities or background knowledge may affect the teacher’s
presentation of enrichment activities.

The results of the second title offered by Magnusson et al. (1999) are related
to knowledge of specific curricular programs, which refer to substantial curriculum
development. The science curriculum has been reviewed a few times since 2006.
According to the latest update of science curriculum in 2013, the simple machines
topic was moved from 7" grade to 8" grade but the objectives and limitations of the
topic were not changed. In this respect, the teacher was aware of this change and she

expressed it as follows;

If the students' math background were slightly better, understanding of
simple machines would be easy for the students, and I could have offered
more difficult questions. Fortunately, according to the new science
curriculum, the simple machines will be taught at 8" grade. In the 7" grade,
teachers had difficulties to teach simple machines for both non-gifted and
gifted students owing to fact that the topic requires more complex abilities
such as scientific reasoning and math abilities (post-interview about topic of
simple machines).

The teacher has followed the specific updated curriculum which might affect
her teaching. She thought that this change was appropriate for all students in 8™
grade because they would have acquired mathematical calculation abilities helping
better understand the simple machines.
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Overall, MNE has offered the curricula including abundant contents,
materials, activities, etc., and the curricula have served as a guide for teachers to
design and practice their teaching. In this respect, the participant teacher had sound
knowledge about applications of both middle school and high school curriculum on
her teaching in terms of the topics of work and energy, simple machines, and friction
force. Moreover, vertical and horizontal relationships of science concepts are
substantial for meaningful learning, and the teacher could link students’ prior
knowledge to new concepts. In doing so, the relationships help successfully design
and practice enrichment activities requiring detailed knowledge and difficult
problems for gifted 7" grade students. Furthermore, the teacher was aware of
particular program changes for that reason she believed that it is necessary to follow

science curriculum strictly.

4.2.3 Knowledge of Learner (KoL)

Another PCK component is knowledge of students’ understanding of science
which was categorized in four subtitles in this study; (1) knowledge of the
characteristics of gifted students, (2) knowledge of requirements for learning, (3)
knowledge of areas of student’s difficulty, and (4) knowledge of areas of student's

alternative conceptions.

4.2.3.1 Knowledge of Characteristics of Gifted Students

Some students’ behaviors were taken attention during class observations, and
I discussed them with the teacher in the post interviews. The teacher explained some
of the students’ behaviors that must be in the gifted students, such as quick and easy
learning related to science concepts, asking difficult and interesting questions, and
extending enriched activities and discussions. | coded these examples of the
behaviors as a teacher’s knowledge of characteristics of the gifted students because
these behaviors affected the teachers’ both planning and teaching any science topic.
The detailed information about knowledge of characteristics of the gifted students

was illustrated in Table 4.4.
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Table 4.4. Characteristics of the Gifted Students

Topic Code of the behavior

Example or result of the behavior

Students are not easily persuaded

Students love to discuss with teacher
and friends.

Students ask difficult and interesting

Work and energy questions

Students have impossible aims

Students can extend the enriched
activities.

Students can extend the enriched
activities.

Simple machines

Students are not easily persuaded

Friction force Students can learn quickly and easily

They did not easily accept the work
concept explained by the teacher.

The discussion leads to waste of class
time.

What happens if | move the pen at an
angle of 45 degrees?

Because of moving electrons in any
stable object, does it not have kinetic
energy?

They tried to conduct experiments
impossible to be done in the classroom.

The teacher had to explain work arising
from resultant force

They asked whether the angle affects
the force in the inclined plane or not.
They discovered the weight of pulleys
had an effect on input force.

They asked why the fixed pulley does
not have mechanical advantages.
They did not easily accept movable
pulley having mechanical advantages.
They did not easily consider simple
machines as tools in daily life instead
of technological tools.

They learned the friction force and
conducted experiment in two class
hours.

The teacher said that her students interrogated nearly all science concepts and

they were not easily persuaded to learn new information. An example of this

situation is that, while teaching work concept, the teacher had difficulty in explaining

differences between the physical work and the work done in daily life, and she was

subjected to many questions coming from the students defending their arguments.

These questions were regarded by the teacher as sometimes difficult and sometimes

interesting. The questions also led the teacher to explain more information related to

upper grade concepts. For example, the students could work out the logic of resultant

force with angle of 45 degrees on any work, and the teacher had to explain the work
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done by vertical and horizontal forces, which are related to high school physics topic.
The students also extended the discussion, so the teacher could not cover the lesson
topic on time and had to use next lesson to complete the objectives. While
conducting post-interview about work and energy topic, | asked the teacher what the
possible sources of these kinds of questions asked by the students were. The teacher
explained this as follows;

... The students know many things because they search and read... we also
give TUBITAK books in the beginning of semester. The books include high
school and university level topics. When the students read them, they
challenge my lesson and they ask interesting and difficult questions. |1 am
sure that they are more knowledgeable about simple machines because the
topic takes place in the chapter of TUBITAK book.

One characteristic of the gifted students was to extend the enriched activities
by their questions. Although the teacher generally planned enriched activities for her
students by designing upper classes concepts and materials such as giving formula of
work and providing the students to practice problems related to work topic, the
students realized some concepts including limitations of 7th grade science concepts
such as reluctant force with angle in the work, energy and inclined plane, weight of
the pulleys in the simple machines, movement of the electron in the kinetic energy.
These limitations would not be mentioned in her lesson planes because the students
did not have enough prior knowledge and abilities to understand these limitations.
However, the students could discover these limitations by their questions and the
teacher had to include these in her teaching practices.

Another characteristic of the gifted students is that the students did not accept
the teacher explanations and they needed to see more concrete examples and
explanations. For example, while the teacher introduced the fixed pulley as not
having any mechanical advantages, other than changing the direction of a force, a
student immediately objected this by drawing attention to general definition of
simple machines;

Student: Why do we use this (fixed pulley) as a simple machine? It does not
fall into definition of the simple machines.

Teacher: Yes, it does not have mechanical advantages but it enables us to
change the direction of a force. So we can say that it is a simple machine
(class observation of simple machines).
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In this example, the student compared the definition of simple machine in the
example of levers, which was taught by the teacher two weeks ago, with a new
example of simple machine’s fixed pulleys. Therefore, the students generally did not
accept the teacher explanation as a correct knowledge. Moreover, this characteristic
of gifted students appeared during the teaching of movable pulleys. While the teacher
was explaining mechanical advantage in the moveable pulley, a student did not
understand and he did not accept the teacher’s explanation. He asked the teacher to
explain this in a more concrete way persistently. Then the teacher had to use three
different teaching techniques, which were explained in detail in the knowledge of
instructional strategies title.

Another characteristic of the gifted students is learning any topic in the 7"
grade curriculum quickly and easily. The objectives of friction force were learned by
the students in a class hour. In other words, the teacher could finish teaching all
objectives in an hour. During the second class hour, the students engaged in an
experiment to discover the relationships between friction force and surface/weight.
The students’ exam results (average score is 85 out of 100) are the evidence that the
student understood friction force in a class hour easily and quickly.

As a result, the teacher considered the characteristics of the gifted students
shown in Table 4.4 when planning and teaching related topics owing to fact that the
students’ knowledge and characteristics affected her teaching. During both
interviews and observations, the teacher explained the above examples of gifted
students’ behaviors in the class as students’ general characteristics. Thus, I coded
each of the students’ behavior as teacher knowledge of characteristics of gifted

students.

4.2.3.2 Knowledge of Requirements for Learning

The science curriculum has a holistic structure including science concepts
connecting with upper or lower class concepts. In order to achieve meaningful
understanding related to science concepts, students need to know prerequisite

concepts. In this regard, the teacher was knowledgeable about students’ requirements
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thanks to her knowledge of curriculum. She could assess each of her students in
terms of their requirements for learning. The teacher stated prerequisite concepts in

the CoRe plans and interviews for each topic shown in Table 4.5.

Table 4.5. Prerequisite Concepts for Teaching Related Topics

Topic Prerequisite concepts

Work and energy ~ force, net force, reluctant force, work (to understand kinetic and
potential energy), friction force (to understand conservation of energy)

Simple machines  \york, energy, lever (to understand spinning wheel),

Friction force friction force in the daily life examples, simple machines

While conducting the observations, | realized some concepts or skills
necessary for the students to understand related concepts. For example, differences
between mass and gravity hindered the teacher’s teaching of potential energy. Some
students did not remember the differences between mass and gravity taught in the 6™
grade. Another example was observed in the enriched activity. While learning the
topic of levers in laboratory work, the students did not have enough knowledge about
the unit of force and gravity. However, the teacher did not mention the differences
between force and gravity as a pre-requisite knowledge in her core plan. The units
were also taught in the 6™ grade.

In addition to pre-requisite knowledge, there were some skills necessary for
conducting the activities such as using dynamometer, and making mathematical
calculations. The first one was not stated by the teacher in her CoRe plan, it occurred
during laboratory work by measuring the force. Some students were not able to use
the dynamometer in the experiment and the teacher had to explain its usage. The
second one related to making mathematical calculations was a concern for the
teacher during enriched activities owing to fact that the teacher designed the
activities including formula necessary for students to have mathematical calculation
skills. In this respect, each formula requires using equation solving ability but some
students did not have them. Some formula also includes exponential numbers, which
led to confusion in students’ minds. Moreover, some students were not able to
calculate equations with units of each variable (e.g., W=10Nx30 meter). As a result,
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the lack of enough students’ mathematical ability was a difficulty for the teacher and
she expressed this difficulty in her CoRe plans. However, the other three examples
mentioned above were not stated by the teacher in her CoRe plan as students’
prerequisite knowledge to understand related topics.

In this part, the students’ learning styles may be necessary as a part of
prerequisite knowledge for the teacher. The teacher could evaluate students’ learning
during her classes because her class has 12 gifted students. Each student has a
different learning style and the teacher was aware of this difference. For example,
two students enjoyed inquiry and read immensely from different sources. Thus, the
teacher had to design enriched and interesting activities to meet their needs. On the
other hand, another two students have memorizing learning style and they enjoyed
repetition about related topics. In order to ensure their learning, the teacher generally
summarized the learning at the end of each concept and she had the students take
note about the related topics. Furthermore, the eight students enjoyed engaging in

student-centered and hands on activities.
4.2.3.3 Knowledge of Areas of Student Difficulty

This part involves the teacher knowledge about the students’ difficulties
hindering students’ understanding of related topics. According to the teacher, the
students considered the unit of force and motion in each grade level 6™, 7", and 8" as
a difficult unit for understanding of related to science concepts. In other words, the
students were biased against the physics topics because the science concepts of work
and energy, simple machines and friction force are abstract topics.

The students had difficulties in learning the topics of work and energy, and
simple machines. Some students did not understand the teacher's explanation, and the
teacher stated this situation as follows;

..When | used verbal explanation, a few students had difficulty in
understanding. The student asked me to make more concrete explanation.
When | explained the mechanical advantages by using examples including
mathematical calculation, | observed that students had a better understanding
(post-interview about topic of simple machines).
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.... I understood from examples including mathematical calculation that the
students wanted to see something more concrete just like numerical
evidence. After | gave the mathematical problems, the students understood.
The curriculum does not include that problem but | will offer more
problems... may be, | could have started by teaching problems first (post-
interview about topic of work and energy).

One example of the students' difficulty appeared while teaching spinning
wheel. When the teacher drew the shape of spinning wheel (Figure 4.3 part A), and
explained the relationship between force and load, one student had a difficulty in
understanding the location of the applied force. Then he asked the teacher what
would happen if they applied the force in the different location of the spinning wheel
(Figure 4.3 part B), and would the force or r, change? The teacher gave the answer
of student’s questions by explaining and drawing a new shape of spinning wheel
shown in Figure 4.3-part B.

Another example of the students' difficulty resulted from enriched activities.
The unit of force and motion has already been difficult to understand by the students.
The teacher offered enriched activities but these activities made the learning of the
related concepts more difficult. Figure 4.4 shows two examples of enriched activities
including the questions below.

The two questions include upper class concepts and applications such as
homogenous bar, weight of pulley, and distribution of the forces into the rope. Each
upper concept was asked by the student, and the teacher had difficulties in teaching

@ :

part A part B

them.

Figure 4.3. Teacher’s Explanation of Spinning Wheel
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Question A Question B
Ll

The bar is homogeneous and 60 N weight. Now that, the

system is balanced, what is the weight of X object? (neglect Each pulley has 2 N “'Eighi and the system is
the weight of pulleys) balanced. So what is the F

Figure 4.4. Example Questions of Enriched Activities

As a result, the teacher's knowledge of areas of student difficulty was affected
by two factors. The first factor was students' prerequisite knowledge, mentioned in
the previous part, of unit force and motion including abstract knowledge, and
requiring measurement and calculation skills. The lack of students’ knowledge and
skills led to learning difficulties. Moreover, the unit of force and motion includes
abstract concepts and learning this unit is more difficult than other units including
chemistry and biology topics. The last factor was enriched activities including
applications and examples related to upper class concepts and mathematical
calculations designed by the teacher. Each enriched activity caused learning

difficulties in related topics.

4.2.3.4 Knowledge of Areas of Student's Alternative Conceptions

The students had some alternative conceptions arising from daily life, their
experiences, or reading upper grade resources owing to fact that the topic of work
and energy, and simple machines were first introduced in this grade levels. In other
words, the students did not have formal experience related to these topics. The
students’ alternative conceptions about work and energy, simple machines, and

friction force were summarized in Table 4.6.
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The students thought that work is doing anything which requires energy and

some students’ alternative conceptions about the work concept were as follows;

S1: people engage in the daily routine for earning money.

S2: work is to make an action.

S3: work is a successful action made by machines

S4: work is an action which we do a certain time and which is continuous.
S5: we do something to support our living.

In order to handle these alternative conceptions about work, the teacher used
different teaching techniques, which were explained in the next part. Some
alternative conceptions were also observed while teaching of the topics of kinetic and
potential energy. The students thought that kinetic and potential energy were affected
by only one variable such as mass or high and speed or mass. They also explained
that a fast car had more kinetic energy than a slow car, and an object at the higher
position had more potential energy than one at the lower. They did not consider mass

of the car and the object.

When it comes to analyzing simple machines, some alternative conceptions
were detected. The students explained the simple machine as complex machines
including electrical devices, wires, and motors. Some students described the simple
machine as something used to save energy, and to obtain mechanical advantages
from work and energy. Moreover, one student was affected by the teacher’s drawing
of inclined plane’s shape and he understood that objects always were carried by
dragging from lower side of inclined plane to upper side. Thus, the student did not

accept the stairs as an example of inclined plane.

Finally, one alternative conception about friction force was that friction force
is always in the opposite direction to the object's motion. According to Table 4.6, the
teacher was not generally aware of the students' alternative conceptions. | coded
these as “the teacher is not aware of it”. However, there were three alternative
students’ conceptions which the teacher was aware of them as she had already stated

them in her CoRe plans.
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Table 4.6. Students’ Alternative Conceptions

Topic

Alternative conceptions of students

Awareness of
the teacher

Work and energy

Simple machines

Friction force

Work is anything someone does in daily life.
A fast car has more kinetic energy than a slow car.

An object which is at the higher position has more
potential energy than the one is at a lower position.

Speed and velocity are the same things.

Energy is lost when it changes from kinetic to
potential

Machine is something which includes technological

elements.

Stairs are not an inclined plane because we cannot
transport any object along the stairs by dragging.

Mass and weight are the same things.
We can obtain mechanical advantages from work

and energy.

Friction force is always in the opposite direction to
the object's motion

Yes

No

No

Yes

No

Yes

No

No

No

No

4.2.4 Knowledge of the Instructional Strategies (KolS)

According to the Magnusson et al. (1999), this component of knowledge of

instructional strategies comprises of two subtitles; subject-specific and topic-specific

strategies. In this study, the teacher did not practice any subject-specific instructional

strategies such as learning cycle, conceptual change, and inquiry. Thus, | did not

include the teacher’s knowledge of subject-specific instructional strategies in this

part.
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4.2.4.1 Knowledge of the Topic-Specific Instructional Strategies

The teacher’s teaching pattern was shown in Table 4.1 and the teacher
generally practiced different topic-specific strategies based on the nature of the
topics. I explained the teacher’ knowledge of topic-specific instructional strategies

under separated titles.

4.2.4.1.1 Topic of Work and Energy

The teacher included argumentation technique in her CoRe plan and stated
that she would use it to teach work and energy topic. As for the rational, she
explained that this technique was more appropriate for the gifted students and would
help the students become more active, motivated in learning the topics. Moreover,
the teacher elaborated her opinion about using argumentation as follows;

...it (argumentation) aims to develop the students’ thinking and

interpretation skills. It is a process during which the students can first

estimate, then, observe, and finally, draw conclusions about scientific
phenomena. | will arouse their interest. In this respect, | think it is very

appropriate for gifted students who are curious about and keen to do research
(CoRe plan for work and energy).

The teacher planned to use the questioning technique enriched with
simulations and examples in the daily life to teach work and argumentation technique
to teach kinetic and potential energy. She also planned to start the teaching of kinetic

and potential energy by using a case, questioning, and examples.

When it comes to analyze the data gathered during observations of teaching
work and energy, there were some differences between her plans and practices. The
teacher used questioning technique to determine the students’ prior knowledge, daily
life examples to promote the creation of a discussion friendly environment. Then she
explained the work by using power-point presentation and illustrations. However,
some students were not satisfied with her explanations and challenged her by giving

conflicting examples to better comprehend the work. The students’ questions led the
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teacher to offer enriched activities including visual examples, demonstrations, and
mathematical formula. Finally, the students understood the work topic after
practicing numerical problems illustrated in Figure 4.1. The teacher expressed her
feeling as follows;
... | understood from examples including mathematical calculation that the
students wanted to see something more concrete just like numerical
evidence. After | gave the mathematical problems, the students understood
the topic. The curriculum does not include numerical problems but I will

offer more problems... maybe, | should have started to teach with problems
(post-interview about topic of work and energy).

Before finishing the teaching work and energy, she let the students take notes about

work and energy.

Similar teaching pattern appeared in the kinetic and potential energy. The
teacher started the lesson with questions in order to determine the student’s
alternative conceptions and to help them recall previous concepts. Then, she
explained the topic by using power-point presentation. After introducing kinetic and
potential energy, she asked the students to design a research question as a group and
conduct an experiment in order to solve the problem and to reach a result. The
teacher called her teaching method as argumentation and mentioned it in her CoRe
plan. However, the students did not engage in argumentation due to many reasons
such as insufficient time and shortage of materials. The students seemed to not have
argumentation skills. Moreover, some students determined inappropriate research
questions to collect data in the classroom environment. One example was mentioned

as follows;

T (teacher): ...can I ask you what you are wondering?

S (student): of the objects having different mass which one consumes more
energy than others?...or ... for example, does an airplane consume more
kinetic energy than potential energy?... we need an both moving and flying
object to test our question... or a balloon...how do we determine the
airplane’s speed? What is our reference?

T:...you should try something else! ...there are those who have not still
determined the problem.

S: we lack some materials so are not able to do it.
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T: make sure you have requirement material until the next lesson. You will
present your experiment... you should first determine a research question in
a group, and then test it to find a solution.

The next lesson, the students did not present their experiment owing to fact
that they could not find a research question to test. Thus, the teacher had to continue
to introduce Kkinetic and potential energy by lecturing in detail and she explained the
formula of these kinds of energies. Then, she asked the students to solve two
numerical problems mentioned in Figure 4.5. First, the teacher presented question A,
then question B because the students had difficulty in comprehending the
relationship between mass and speed in the kinetic energy. The students thought that
the higher speed any object had the more kinetic energy it had. They did not consider
that mass might affect the object’s kinetic energy. In order to handle this difficulty,
Question A required the students to compare the kinetic energy of identical objects in
terms of their speed. On the other hand, Question B required the students to make
same comparison with objects having different masses to gain more meaningful
understanding of the relationship between mass and speed in the kinetic energy.
Moreover, the similar difficulty appeared while teaching potential energy. The
students had difficulty in understanding the effect of mass and height on potential
energy. In order to handle this difficulty, the teacher explained each effect of mass

and height by using demonstration.

Question A Question B

V1=15m/sn mi1=3 g V1=5 m/sn

O— QO—
Vz=10 m/sn mz2=6 g Va=2 m/=n

R -
V2=20 m/sn mi=5g Va=3 m/en

O— O—

Objects are identical, and sort the objects descending To find out each object kinetic energy.

order in terms of their kinetic energy.

Figure 4.5. Questions of Kinetic Energy
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After teaching kinetic and potential energy, the teacher briefly explained the
potential energy of spring, and continued with the next topic, the conservation of
energy. She wrote the questions in Figure 4.2 and encouraged the students for
discussion. The students could transfer the knowledge of kinetic and potential energy
into the interpretation of the new topic. The teacher finished her lesson after offering
more examples of energy conservation in daily life such as roller coaster, sky diving,

and motion of a plane, and the students took notes related to the topics.

4.2.4.1.2 Topic of Simple Machines

During the pre-interview about the use of instructional strategies in the
simple machines, the teacher stated that she would start the lesson by using
questioning technique to determine the students’ prior knowledge on the related
topics. Then, she would explain simple machines with some examples from daily
life, and introduce the formula for each example of the simple machines. So far, the
teacher planned to use didactic teaching orientation. However, she stated in the
interview that she would engage the students in laboratory work while teaching
pulley or inclined plane as she felt that laboratory work provides the students with
meaningful learning. She also believed that the students could arrange the height of
inclined plane by using hands-on activities or materials so that they could better
comprehend the relationship between force and load. As a result, it was clear in the
teacher CoRe plan that the teacher was keen on using the laboratory work as much as

possible.

On the other hand, the observations data were in aligned with the data of her
CoRe plan. The teacher’s teaching strategies observed during her classes are also
shown in Table 4.1. She started to introduce the topic of simple machine with
questioning technique in order to determine the students’ prior knowledge as she
mentioned in her CoRe plan. She also tried to correct the students’ alternative

conceptions by using lecturing.

172



The first example of simple machine was the levers. She introduced the lever,
positions of the fulcrum, and gave everyday examples of its usage by using
questioning technique. Then, she asked the students to group for laboratory work,
and she gave them the materials to discover the relationship between force and load
in the lever. The students were engaged in laboratory work by using dynamometers,
weights, and rulers. As some students had difficulty in using the dynamometer and
understanding the activity, the teacher helped them get involved in the activity by
explaining prerequisite knowledge and skills. During activity, the students formed
their group data, and at the end of the activity, they presented their group results on
the board (Figure 4.6 shows two of groups’ results) and discussed each result in
terms of mechanical advantages. Each group had some incorrect measures resulting
from students’ carelessness, but the teacher explained their mistakes and corrected
them by using demonstration. As a result, the teacher enabled the students to practice
inductive laboratory work where the students first discovered the mechanical
advantages of simple machine and were given the formula of the lever. Moreover,
the shape of the lever helped students understand the mathematical equation of the
formula. Namely, the teacher used the analogy between the shape of lever and its

mathematical equation.

group A group B
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Figure 4.6. Groups’ Results of Inductive Laboratory Work.

The second example of simple machine was pulleys. The teacher started to

introduce the topic of pulleys by using questioning technique to determine the
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students’ prior knowledge as she did in previous teachings. After controlling the
students’ alternative conceptions, she used lecturing to explain pulleys and models
including fixed and movable pulleys. She also gave examples from daily life. While
explaining movable pulleys, a student did not understand mechanical advantages of
the pulley. The teacher first wrote verbal explanation on the board in order to inform
the students on mechanical advantage, and then she tried to show with demonstration
by using pulleys. However, the student was not satisfied with her explanations.
Finally, the teacher had decided that the student should be engaged in practice using
pulleys. The student first measured a weight of 200 grams with dynamometer and
recorded it. Then, the student measured the same weight in the fixed pulley and the

movable pulley respectively as shown in Figure 4.7.

After all measurements were completed, the teacher asked the students to
compare the results. Finally, the student noticed that the object in the movable pulley
had half of weight of the object in the fixed pulley. As a result, the student’s
demonstration of the mechanical advantage of pulleys provided more concrete

evidence and better understanding.

Figure 4.7. The Student’s Measuring Process

After understanding of differences between fix and movable pulley, the
students took notes. Then, the teacher drew an example on the board shown in Figure
4.8a to provide better understanding of differences between fixed and movable
pulleys. After all, the teacher drew Question B on the board to show relationship
between force and load in the pulleys. One student solved this question in one minute
and only two students did not reach the correct answer. While the teacher was
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explaining Question B, one student objected to her explanation and he raised a
question that “we should have considered the weight of pulleys because the pulley
keened to force into downward just like a load”. The student’s question led to the
teacher to introduce weight of pulleys which affects mechanical advantage of
pulleys. In other words, the student caused the teacher to extend enriched activities.
The teacher did not plan to introduce the weight of pulley but she had to explain by

using an example shown in Figure 4.8c because of the student’s suggestion.

After analyzing pulleys in terms of the teacher’ knowledge of instructional
strategies, the next example of simple machines is hoists. The teacher started to
introduce the topic with questions related to usages of hoists in daily life. Then, she
explained hoists by drawing their shapes on the board. However, some students did
not understand very well and they disagreed with her explanations about the
relationships between force and load. Accordingly, the teacher decided to introduce
hoists by drawing four questions mentioned in Figure 4.9 and explained step by step.
Question A includes a fix pulley and Question B includes both a fix and a movable

pulley.

Question A Question B Question C

F=50N

The system is balanced and determine
which one is fixed pulley or movable
pulley.

p=?

Each pulley has 20N and the system is
balanced. So what is the load?

The system is balanced

and what is the Force?

Figure 4.8.Questions about Fix and Movable Pulleys

These questions provide the students with permanent learning about the differences
between fix and movable pulleys in terms of mechanical advantages. Question C

offers a combination of two movable pulleys and one fix pulley. The teacher, first,
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explained mechanical advantages of using movable pulleys, which is shown with red
circle in Figure 4.9. And then, she explained the relationship between the force and
the load on fix pulley. Moreover, Question D provides the students with an example
of three movable pulleys and one fix pulley with a similar facilitation as in Question
C in order to help them better understand mechanical advantages of a hoist. After
solving each question, the teacher allowed the students to take note about hoists.
During the post-interview about the simple machine, the teacher explained that these
four questions helped the students comprehend the rationale of hoists more easily,
and she believed that all the students understood the topic of hoists.

Another example of simple machines was the inclined plane in which the
teacher’s knowledge of instructional strategies was observed. The teacher started to
introduce the topic with questioning, and the teacher continued lecturing by offering
visual materials. In order to explain the relationships between force and load on
inclined plane, she used demonstration technique by using lab materials. During the
demonstration, some students negotiated the teacher’s explanation as they did in the
previous classes, and they discovered the effect of angle on the force in the inclined
plane. In the teacher’s CoRe plan, she had not planned to present the effect of angle
on the inclined plane, but she had to introduce the angle effect briefly because of the
students’ negotiations. After all, the teacher presented the formula and examples of

inclined plane.
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Figure 4.9. Questions about Hoists

The next example of simple machines is the spinning wheel, and the teacher
started to introduce the lesson with the summary of levers because she believed that
the topic of levers might help students’ understanding of the spinning wheel. In order
to facilitate the introduction of the spinning wheel, she used visual materials and
daily life examples. Then, the teacher drew the shape of the spinning wheel and
explained its formula. However, some students did not understand her explanation of
the formula, which is used to calculate mechanical advantages of the spinning wheel.
Therefore, the teacher decided to use analogy between the spinning wheel and the
levers to clarify the formula. Figure 4.10 shows the teacher’s drawing of the spinning
wheel and the lever. During the post-interview of simple machines, the teacher stated
that the analogy helped the students understand the concepts more easily owing to
the fact that the students could transfer the knowledge of mechanical advantages
from the lever to the spinning wheels. After presenting the analogy, the teacher
offered the question as shown in Figure 4.10 to enhance the students’ understanding

of the spinning wheel.
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Figure 4.10. Shapes of Lever and Spinning Wheel, and One Question
about Spinning Wheel

The last topic of simple machines is the gears and the hoops. The teacher
started to introduce the topic by using questioning to activate their previous
knowledge as she previously did. She also used a model related to the gears and the
hoops to show direction and the number of revolutions of gears. Then, the students
work on the model, and she explained formulas of the gears and the hoops. At the
end of the class, the students took notes and solved the problems related to the gears

and the hoops.

4.2.4.1.3 Topic of Friction Force

The last topic taught by the teacher is friction force. The teacher first
determined students’ alternative conceptions about friction force by using
questioning technique since the topic had first been introduced to students in the 5"
grade. After going over the friction force briefly, the teacher decided to engage the
students in laboratory work because the students had enough knowledge to
understand the relationships between the friction force and the surface/mass of any
object. The teacher had planned to start teaching with lab application in her CoRe
plan. Thus, she delivered the materials (e.g., dynamometers, weights, sandpapers,
wood cubes, etc.) to the students and encouraged them to practice. The students first
tried to investigate the relationships between the friction force and the surface, and

they used two different surfaces (student desk and sandpaper) with a wood cube. The
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students measured the weight of the wood cube in three situations, which is shown in
Figure 4.11. Then, the students tested two wood cubes having different weight in a
stabile surface for the second experiment in order to understand that the weight of a
wood cube affects the friction force and there is a direct proportion between the
weight and the friction force.

second experiment object I object II
first experiment weight of surface of surface of
the object desk sandpaper weight ON 101N
force 1.1N 03N 8N
force 1.8N 32N

Figure 4.11. Students’ Group Results of Inductive Laboratory Work

During the laboratory work, the students collected their group data, one
example of them was shown in Figure 4.11, and they discussed each group’s results
in terms of friction force/surface and friction force/weight. Although the teacher
planned to present the mathematical problems related to friction force in her CoRe
plan, she did not present any formula and mathematical problems. She believed that
knowledge and skills covered by the students in the laboratory work were enough to

introduce friction force for 7" grade students.

4.2.5 Knowledge of the Assessment (KoA)

The teacher could assess each of her students in detail in terms of students’
conceptual understanding owing to the fact that the number of students was twelve in
her class. In other words, the individual assessment was carried out by the teacher.
She also felt that individual learning should be monitored because planning and
practicing enrichment activities including difficult and upper class concepts were
required to determine the students’ pre-conceptions or understanding of related
topics. For example, in the laboratory work of the friction force, the teacher had
checked all students’ previous knowledge and decided that her students had enough
knowledge in order to discover the relationships between friction force and

surface/mass. Moreover, after introducing the pulley topic, the teacher assessed
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students’ understanding and reached the conclusion that all students had covered the
mechanical advantages of force in the movable pulleys. In doing so, she thought that
the students could understand the hoist topics which were enriched activities

including three and more movable pulleys and a fix pulley.

All students were successful at the end of the unit exam which was prepared
based on the science curriculum objectives and the average of exam results was
nearly 85. However, the teacher did not believe that every student would be
successful in enriched activities owing to fact that each student had different abilities
and interests. For example, the teacher stated in the pre-interview about simple
machine that two students might not like the hoists and she would not force them to
understand the hoists because their interest areas were different from the general
class. Thus, teaching only the topic of pulleys which are in science curriculum was
enough for these students to comprehend. In this respect the teacher’s knowledge of

assessment was analyzed in two sub-components as mentioned below.

4.2.5.1 Knowledge of Dimensions of Science Learning to Assess

The goal of the teacher for assessment in this study was generally to assess
dimension of the students’ conceptual understanding. The teacher’s goal of the
assessment comprised of three sub-dimensions; student’s prior knowledge, content
assessment, and grading students’ performance. Table 4.7 shows summary of the

teacher’s knowledge of assessment.

At the beginning of the lesson, the teacher tried generally to elicit the
students’ prior knowledge or alternative conception related to topics. While teaching
related topic, the teacher assessed how much the students understood those concepts.
This assessment pattern was observed during the teaching of work and energy,
simple machines, and friction force topics. The teacher performed diagnostic
assessment in the beginning of each topic to elicit prior knowledge and formative

assessment during her teaching to monitor how many the students attained the
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objectives. On the other hand, the teacher only used summative assessment to grade

the students’ performance at the end of the unit after teaching friction force.

4.2.5.2 Knowledge of Methods of Assessment

The teacher generally assessed the students’ conceptual understanding and
used informal techniques (questioning and observations) and formal techniques

(quizzes, tests, or homework).

While teaching work and energy, the teacher used questioning technique to
elicit students’ prior knowledge at the beginning of the class. The questions included
open-ended questions to encourage the students to discuss. If the teacher realized
incorrect or lack of knowledge, she tried to cope with the misunderstanding or
complete the inadequate information about related topics by using verbal
explanations. After completing the students’ prerequisite knowledge, the teacher
observed each student to assess learning performance during her teaching. The
interaction between the students and the teacher could help her monitor how many
the students understood the topic. For example, while performing the problems of
kinetic energy, the teacher checked each student’s results and gave feedback. At the
end of the lesson, the teacher administered quiz or test related to objectives to elicit
conceptual understanding. Sometimes, the teacher also gave homework if there was

not enough time to practice problems or activities in the class.

The teacher’s assessment knowledge during the teaching of the simple
machines had similar assessment patterns with the work and energy topic. The
teacher elicited the student’s prior knowledge about simple machines by using
questioning owing to the fact that the students might have alternative conceptions.
During the teaching of mechanical advantages of simple machines, the teacher
monitored each student’s performance because mechanical advantages involved
learning difficulties which change from one topic to the other. The teacher also used
problems including mathematical calculation to enhance meaningful learning, and
she checked each student’s performance. If there was a problem about understanding
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the related topic, she immediately corrected the misunderstanding. Moreover, she

gave many tests or quizzes at the end of topics.

Table 4.7. Summary of the Teacher’s Knowledge of Assessment

Topics Dimension of Method of  The way of Types of Time of the
science learning  assessment  assessment  questions assessment
At the
Prior knowledge  Questioning Informal Open-ended  beginning of
the class
Content Observation i
. During the
> o conceptual of learning Informal Open-ended teaching
?E 8 understanding performance
c o -
838 Content _ Open-ended i 10 ond of
= E 5§ conceptual Quiz or test Formal Multiple the toic
~ = B understanding choice items P
S E@I Content Open-ended
=5 conceptual Homework Formal Multiple At the (_end of
. L the topic
understanding choice items
Grading the Unit test or Open_-ended At the end of
Formal Multiple .
students exam T the unit
choice items

The topic of friction force was also assessed by the teacher in a similar
pattern. However, at the end of the unit, the students had exam to be graded. As a
result, the teacher used different assessment methods from at the beginning of the
class to at the end of it. She also used different kind of assessment, and Table 4.7

summarizes the teacher’s knowledge of assessment.

4.3 The Findings of the Interaction of the Teacher’s PCK Components

This part involved the results of the interaction of PCK components. In other
words, this part answered the second research question and sub-questions. The
interaction of teacher’s PCK components comprised of two parts; in the lesson
planning and practicing while teaching the topics of work and energy, simple

machines, and friction force.
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4.3.1 The Interaction of the Teacher’s PCK Components in Planning

The first part of the interaction of PCK’s components was related to lesson
planning. When analyzing the interaction of the teacher’s PCK components, the only
CoRe lesson plans and pre-interviews were used as data sources. The teacher was
asked to design CoRe lesson plans before teaching work and energy, kinetic and
potential energy, simple machines, and friction force. Each CoRe plan was analyzed
in terms of PCK components and then, the teacher’s knowledge interactions were
coded. Table 4.8 shows the interaction codes, the reasons for interactions, and
explanation of the codes.

When it comes to analyzing interaction of the teacher’s PCK components,
five kinds of interactions were determined. The first one was related to the teacher's
goals for teaching. The teacher's goals were coded as STO owing to the fact that the
teacher designed her teaching to introduce science concepts for conceptual
understanding. Thus, the interaction appeared between STO and KoC.

Another example was that the teacher planned to apply instructional strategies
to teach related science concepts. In this example, STO interacts with KolS. Table
4.8 shows the detail information about interaction categories and their explanations

of the related components.

The second interaction type between PCK components was coded as inform
which refers that selecting or using a component required to know an appropriate
decision making process. The teacher had knowledge about a component, and this
knowledge helped for selection of instructional strategies, activities, or precautions in
order to provide students with meaningful learning related science concepts. For
example, the teacher had instructional decisions based on students' learning abilities.
In this example, the teacher's knowledge of students' learning abilities shaped the
selection of instructional strategies, namely KoL interacted with KolS. Another
example of inform interaction categories was the interaction that occurred between
KoL and KolS again. In order to handle students' lack of prior knowledge, the

teacher selected more appropriate instructional strategies. In this example, the
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teacher’s knowledge about students' prior knowledge shaped applying teaching

strategies.

Table 4.8. Interaction of the PCK Components’ Codes and Their
Explanations

Codes Explanation of codes

STO-KoC Thc_e t_egcher s goal is to teach curriculum objectives or enriched

activities.

The teacher’s goal is to teach prior knowledge of related topic in order

STO-KoL  to provide meaningful learning, or in order to enhance students' abilities;
creativity, reasoning, and thinking.

The teacher’s goal is to apply student-centered instructional strategies in

STO-Kols order to enhance students’ conceptual understanding.

STO-KOA The teacher’s goal is to assess the students’ learning at the end of the
course.

KoC-KolL In order to apply enriched activities, the students should have prior

knowledge about related concepts.
KoC-KoC  Considering curriculum limitations as enriched activities

KoC-KolS Using particular strategies while teaching particular topics
Gifted students need to engage in enriched activities.
The topics could be extended to enriched topics by gifted students’
KoL-KoC  questions.
Assessing students' prior knowledge based on grade levels.

Using instructional strategies based on student’s learning styles.

Using instructional strategies in order to overcome the lack of students’
prior knowledge.

Student-centered instructional strategies or more concrete
evidence/examples should be applied because of gifted students in class.

KoL-KolS

It is difficult to deal with misconceptions because of characteristics of
gifted students.

KoL-KoL  The students have knowledge about upper grade topics because of
characteristics of gifted students.

Students don’t have difficulties to understand science concepts because
of characteristics of gifted students.

Lack of students’ prior knowledge blocks understanding of science
concepts.

KoL-STO
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Table 4.8. Interaction of the PCK Components’ Codes and Their
Explanations (Continued)

Codes Explanation of codes
KoL-KoA  To prepare assessments based on gifted students’ knowledge level.
STO-KoA-  In order to reach the teacher’s goals, the teacher assesses the students by
KolS using related instructional strategies.
KoL-STO-  Because of characteristics of gifted students, argumentation is an
KolS appropriate instructional strategy in order to reach the teacher’s goals.
KoL-KolS- If atopic is not understood by the students, in order to enhance
KoA-KolS- understanding, the teacher applies varies kinds of strategies and assess
KoA-KolS the students’ learning.
If a student has lack of knowledge about any concept, in order to
KoL-KolS- . : St .
enhance understanding, the teacher applies varies kinds of strategies and
KoA-KolS X )
assess the students’ learning.
KolS-KoA- In order to determine and overcome misconceptions, the teacher uses
KolS appropriate instructional strategies.
KoL-KoC-  The teacher uses instructional strategies to handle learning difficulties
KolS-KoA arising from enriched activities.
KoL-KolS- The teacher uses instructional strategies to check the students’ prior
KoA knowledge.
KoL-KolS- The teacher uses instructional strategies to determine the students’
KoA misconceptions.
STO-KoC-  The teacher’s goal is to apply enriched activities, but some students
KoL might not be successful because they don’t like the activities.

The third interaction code was related to pre-requirement of instructional
decision. In order to apply enriched activities, the students should have prior
knowledge which requires to be known for meaningful learning. In this respect KoC
interacted with KoL. One example appeared in the interaction between KoL and
STO. In here, the interaction was coded from decision-making segment that lack of
students’ prior knowledge blocks understanding of science concepts. Thus, it was a
pre-requirement for the teacher to deal with the students’ prior knowledge.

Moreover, another example of interaction appeared in the category of re-requirement
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coding as KoL-KoC-KolS-KoA. This meant that in order to provide meaningful
understanding, the teacher used instructional strategies to handle learning difficulties

arising from enriched activities.

The forth type of interaction was found in gifted category. The teacher
determined her instructional decision for her gifted students. Namely, the students
affected the teacher’s plan, and she considered her students’ characteristics while
designing her teaching. For example, the teacher considered the student-centered
instructional strategies because the gifted students were bored by lecturing. In this
respect, KoL and KolS interact together. Another example was seen in interaction
between KoL and KoL. It was difficult to handle related misconceptions owing to the
fact that the gifted students did not accept the teacher's explanations easily as correct
knowledge. The teacher must give more concrete knowledge and examples while
handling related misconceptions. Another example in this category was that the
teacher prepared the evaluation questions based on the gifted students' knowledge
and abilities level, so KoL and KoA interact together. Moreover, the students needed
to engage in enriched activities since they were gifted, which indicated the

interaction between KoL and KoC.

The last category included interactions of PCK components with more than
two interactions. Table 4.8 shows each interaction in this category. The teacher
generally planned to start new topic by using questioning technique in order to
determine students' prior knowledge, and this instructional decision included three
PCK components’ interactions and was coded as KoL-KolS-KoA. Similar
interaction category was found in determination of students' possible misconceptions
related concepts. If the teacher found any misconceptions about particular science
topics, she would try to handle them by using lecturing and assess whether the
misconceptions were fixed with the correct information or not. If there were still
misconceptions, she would change her instructional strategies, and then she would
try to handle misconceptions for the second time. This instructional decision was
coded as KolS-KoA-KolS. According to Table 4.8, there is a code related to six PCK

components’ interactions as KoL-KolS-KoA-KolS-KoA-KolS. This instructional
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decision was that the students did not understand a topic taught by the teacher. When
the teacher explained a concept by using lecturing and the students did not
understand, the teacher changed the instructional strategy, and she tried to explain it
by giving more concrete examples. If there was still a problem for students
understanding, the teacher changed again her strategies and she tried to use
demonstration by using lab materials. If the same problem continued, she tried to
engage students in hands-on lab application. She hoped that using lab activities

enhances the student's conceptual understanding.

4.3.1.1 Comparing and Contrasting each Interaction Map in the Planning

Figures of 4.12, 4.13, 4.14, and 4.15 show the teacher’s PCK maps while she
was planning topics work and energy, kinetic and potential energy, simple machines,
and friction force. Each figure includes two mapping approaches such as Map A: The
study mapping approach which was developed by researcher and Map B: Pentagon
model developed by Park and Chen (2012). Pentagon model was used in this study in
order to make the frequencies of interactions for readers more comfortable and easy
to see. Due to the fact that the study mapping approach maps involve the large
number of interactions and detail presentation each of them, it might be difficult to

calculate the frequencies of interactions in the study mapping approach.

While creating each map, CoRe plans and pre-interviews were analyzed and
coded to form the categories in Table 4.8. The CoRe plans and the interviews
questions shaped PCK maps and how the components flow due to the fact that the

teacher designed her CoRe plans to answer the same order questions.

For example, the first questions in the CoRe plan are: why you choose the big
idea for teaching related topics and what you target the students to learn about the big
idea. These questions helped determining the teacher’s STO. Thus, all PCK maps
started the interaction of STO with other components generally KoL and KoC. The
components which proceeded in direction of the arrow are the first component for the

interaction categories. Other components interacted with the first component and
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branched up and down in the map were formed according to the teacher’s answers to
each CoRe plan questions illustrated in the Map A in Figure 4.12. The numbers in
the PCK maps showed the order of the teacher’s decision process while she was
preparing her lessons.

Map A in Figure 4.12 shows that the teacher’s PCK map of work and energy
involved 15 decision making segments, and STO acted 5 times as an initiative
component as illustrated in Map B: Pentagon model in Figure 4.12, KoC acted 4
times, and KoL became on initiative component 6 times. However, KolS and KoA
were not considered as initiative components in planning the topic “work and
energy’’.

STO appeared at all the stages of class, because this component reflected the
teacher’s goal and proposes in the planning map. For example, when the first
interaction in Figure 4.12 is considered, the interaction between STO and KoC
reveals that the teacher explained curriculum objectives in order to introduce the
topic “work and energy”. Then, in the eighth interaction, the teacher explained her
overall aim as the development of the students’ knowledge and abilities. Moreover,
in the interactions 20 and 23, the teacher described her aim of using instructional
strategies and assessment, respectively.

KoC appeared between the third and the 21% interactions. The third
interaction means that in order to apply enriched activities, the students should have
some prior knowledge of the related concepts. The ninth interaction revealed that the
gifted students need enrichment activities and the 12" interaction explained that the
teacher considered curriculum limitations as enriched activities. Finally, in the 21
interaction defined using particular strategies while teaching particular curriculum
concepts.

KoL was the most interacting component in the topic “work and energy”, and
it appeared during all the stages of planning process. The interactions from the fourth
to the seventh were related to the relationships between students’ prior knowledge
and curriculum objectives or between the instructional strategies and the student’s
learning styles or between students’ knowledge levels and the characteristics of

gifted students (as seen in Table 4.8 in detail).
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Map A: The study mapping approach

) e

E-@-E-e

Map B: Pentagon Model ~— Total number of 5 ____ Thefrequency of
initiative component

mteraction with

Figure 4.12. Teacher’s PCK Maps While Planning Work and Energy

Moreover, the 10" and 11" interactions explained that the gifted students
need to engage in enriched activities and the topics could be extended so as to enrich
the topics according to the questions of the gifted students. On the other hand, the
decision making segment including the interactions from the 13™ to 19" had more

complex structure than the others, because the teacher tried to overcome students’

189



possible misconceptions and learning difficulties caused mainly by the characteristics
of the gifted students and the enrichment activities. Finally, the interactions 22, 24,
and 26 indicated the relationship among students’ characteristics, instructional
strategies and assessment.

KolS and KoA did not appear as an initiative component, but they interacted
with other components frequently as secondary components. Surprisingly, KolS was
the second most interacting component and it interacted 11 times (as seen in the
rectangular boxes in Map A in Figure 4.12). KoA interplayed 5 times, KoC
interacted 9 times and KoL interacted 18 times. On the other hand, both KolS and
KOA began to appear after the middle part of planning process where the teacher
reflected her decision making about the instructional strategies (except the
interaction 6).

Regarding planning the topic “kinetic and potential energy”, Map A in Figure
4.13 indicates eight decisions making segments. Three of them are related to STO,
and it reflects the teacher’s goals and purposes. Similar to STO, KoL acted as
initiative component and interacted three times during planning process. On the other
hand, KoC and KolS interplayed one time as initiative component. KolS was only
specific for this topic and it explained that the teacher used appropriate instructional
strategies, in order to determine and overcome misconceptions. Furthermore, KolS
interacted as a secondary component 13 times with other components 17 times and it
was the most interacting components. It also often appeared after the seventh
interaction as seen in Map A in Figure 4.13.

In contradistinction to PCK map of work and energy, kinetic and potential
energy includes much more branched interactions as seen from the seventh
interaction to the 17" in Map A in Figure 4.13. The seventh and the eighth
interactions focused on enrichment activities and the teacher considered that the
students would have possible learning difficulties or misconceptions about
calculating the amount of kinetic and potential energy. Then, she planned to
overcome those difficulties by using appropriate instructional strategies. Similarly,
the tenth interaction showed that the teacher used instructional strategies to handle

learning difficulties and assessed the effectiveness of her teaching. Moreover,
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interaction 11 explained that if there was a learning difficulties or lack of knowledge,
the teacher would use a particular instructional strategies and she would assess. After

all, if the difficulties still persisted, she would change her instructional strategy.

Map A: The study mapping approach : ;

1 0

Figure 4.13. Teacher’s PCK Maps While Planning Kinetic and Potential
Energy

Finally, interaction 14 was highly apparent and complex. It referred that if a
topic was not understood by the students, in order to enhance understanding, the
teacher would apply varies kinds of strategies and would assess the students’

learning. Moreover, the pentagon model in Figure 4.13 shows the frequencies of
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interactions and initiative components. In this model, KoA did not connect with KoC
and KoL. KoC also did not interact with KolS.

Map A: The study mapping approach

Figure 4.14. Teacher’s PCK Maps While Planning Simple Machines

As seen in Figure 4.14 teacher PCK map about simple machines, similar to
previous two maps, STO, KoL, and KoC were initiative components. Total number
of decision making segment is 10. Moreover, STO appeared during all the stages of

planning and interacted four times. It also referred to the teacher’s goals and
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purposes in terms of selecting objectives, instructional strategies, enrichment
curriculum, and assessment. KoL played an important role similar to other maps and
it interacted five times during all part of decision making process. On the other hand,
KoC interacted only one time as initiative component with KoL, which referred that
the students should have prior knowledge about related concepts in order to apply
enriched activities.

This PCK map had less level of complexity in terms of interactions than PCK
map about kinetic and potential energy but more complex than PCK map about work
and energy. The work and energy map yielded much more binary interactions such
as KoL-KoC or KolS-KoA, whereas the simple machines map outnumbered in terms
of complex interactions such as STO-KoC-KoL or KoL-KolS-KoA. Similar to
previous two maps, KolS was the most interplayed as a secondary component and it
appeared after the seventh interaction which meant that the teacher used particular
strategies in order to overcome students’ learning difficulties or lack of knowledge.
Moreover, similar to other maps, KoA played important role, after interaction 10, in
assessing the effectiveness of instructional strategies and students’ conceptual
understanding.

The friction force maps have the least interactions as illustrated in Figure
4.15. There are 5 initiative components and total number of interaction is eight.
Similar to other PCK maps, STO and KoL played essential role as initiative
components three times and two times, respectively. STO reflected the teacher’s
goals and purposes while selecting objectives, enrichment activity, particular
strategies, and assessment. KoL interacted with KoC in order to link between
students’ prior knowledge and enrichment activities. KoL also interplayed with KolS

so as to overcome students’ learning difficulties and misconceptions.
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Map A: The study mapping approach
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Figure 4.15. Teacher’s PCK Maps While Planning Friction Force

As a summary, when it comes to analyzing PCK map, STO interacted with all
PCK components in the maps. Since PCK maps were related to planning stage,
generally KoL and KoC components more interacted than other components. The
knowledge of characteristics of gifted students’ in the KoL and knowledge of
enrichment curriculum in the KoC played a more dominant role than other
components and these two sub-components shaped the teacher decision making
process. Moreover, each PCK map had different characteristics based on the nature
of the topic. One topic includes concepts with different level of complexity which
can be difficult to learn for students. Another topic included many possible
alternative conceptions and learning difficulties. Each learning difficulty should be
handled by the teacher in planning stage. If the topic includes alternative conceptions

or learning difficulties, the teacher would plan to overcome them by using some
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precautions. Concordantly, if the teacher faces a lack of knowledge in the students,
she should plan what kind of strategies to use and assess the outcomes. These
precautions were interplayed in triple and quadruple way (see detail Table 4.8). On
the other hand, some topics such as friction force’s maps in Figure 4.15 include the
least interactions because the topics had less objectives, alternative conceptions and

learning difficulties compared with other topics.

4.3.2 The Interaction of the Teacher’s PCK Components in Practicing

When it comes to analyzing interactions of the teacher’ PCK components in
teaching, the observations data and post-interview of CoRe plan were used for each
lesson. The interaction of the teacher's knowledge was coded as follows: The teacher
started the lesson by using questioning technique in order to assess the students' prior
knowledge and determine their alternative conceptions.

This teacher's pedagogy was coded as interaction between KolS and KoA.
Then, the teacher tried to lesson objectives desired to be taught and this interaction
was coded as KolS-STO. While teaching related concepts, there was a lack of prior
knowledge or learning difficulties. So as to overcome these deficiencies, the teacher
used an appropriate instructional strategy. The pedagogy was coded as interaction
between KolS and KoL. Another interaction revealed that the gifted students
elaborated the related concepts by using inquiry, which led the teacher to engage the
students in enriched activities through an appropriate instructional strategy. This
pedagogy was coded as KoL-KoC-KolS. Moreover, the teacher assessed the
students' performance during lesson by using questioning or assigning the related
problems. Some problems or questions led to learning difficulties for students. In
order to handle them, the teacher tried to revise the problem or selected an
appropriate instructional strategy. This pedagogy was coded as KolS-KoA-KoL-
KolS. Table 4.9 and Figures from 4.16 to 4.28 show the detail explanation about
PCK maps, codes, and categories while the teacher’s teaching practices of work and

energy, simple machines, and friction force.
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Table 4.9. Interaction of the PCK Components’ Codes and Their

Explanations

Codes Explanations
Assessing students’ prior knowledge or conceptual understanding by
KolS-KoA using specific instructional strategies
In order to overcome the lack of pre-requirements or alternative
conceptions by using specific instructional strategies.
KolS-KoL In order to make abstract concepts more concrete by using specific
instructional strategy
Using particular instructional strategies to handle learning difficulties
Teaching the objectives related to teacher’s goals and purposes by using
KolIS-STO e S " X
specific instructional strategies
KolS-KoC Teachl_ng enrichment curriculum concepts by using specific instructional
strategies
Using particular assessment techniques in order to evaluate if the
KoA-STO ,
students have reached teacher’s goals and purposes.
KoC-KoL-KolS Usmg_ particular |r}struct|onal strategies to deal with learning difficulties
resulting from enrichment activities.
Characteristics of gifted students in enriched activities lead to more
KoL-KoC-KolS . ; . o . .
guestions, which are answered by using specific instructional strategies.
While teaching a topic by using a specific strategy, a learning difficulty
KolS-KoL-KolS occurs. In order to overcome that difficulty, teacher changes the
instructional strategy or supports additional instructional technique.
In order to make assessment, teacher asks the questions. Then learning
KolS-KoA- e g .
difficulties occur. So as to handle those difficulties, teacher revises
KoL-KolS . .
guestions or explains them.
Teacher uses a specific instructional strategy to explain an enrichment
KolS-KoC- activity. While assessing enriched activity, learning difficulties occur. In
KoA-KoL- order to handle those difficulties, teacher uses different examples and
KolS-KoL-KolS explanations. If there are still learning difficulties, as a last step, teacher

selects another instructional technique.
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4.3.2.1 Comparing and Contrasting each Interaction Map in Practicing

When looking at PCK maps about work and energy in Figure 4.16, there are
three teaching segments and 11 interaction branches in Map A. The objectives of this
topic, the teacher intended to teach, included that students could able to explain the
relationships among force, work, and energy and they were able to define physical

work and its units. Therefore, KolS acted two times as initiative component.

Map A: The study mapping approach KolS
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Figure 4.16. Teacher’s PCK Maps While Practicing Work and Energy
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In the first teaching segment, the teacher used eight interactions in order to
assess students’ prior knowledge and effectiveness of her teaching about work and
energy, introduce what work was, make abstract concepts more concrete, and offer
enrichment activity. This segment displayed much more interactions than others
because the teacher dealt with the misconception about physical work and work done
in the daily life. In the second teaching segment, there were learning difficulties
about work done by resultant force arising from enriched activity. The teacher tried
to overcome them by using particular strategies. Finally, the third teaching segment
was related to teacher assessment about her teaching. She used questions to
determine the students’ conceptual understanding and she struggled some learning
difficulties by using particular instructional strategies.

Due to the fact that this map derived from the teacher’s teaching practicing,
KolS was used more than others. KoL only used one time as an initiative component
and it was related to the characteristics of the gifted students causing the teacher to
introduce enriched activity. On the other hand, STO (one time), KoA (four times),
KoC (two times), KoL (five times), and KolS (two times) were interacted as a
secondary component during her teaching.

When looking at Map A in Figure 4.17 the topic “kinetic energy”, there are
five initiative components comprising of three times of KolS, one of KoL, and one of
KoC. The teacher started her lesson to assess students’ prior knowledge about kinetic
energy by using questioning technique as seen in the first interaction. Then she put
target objectives into practice by using lecturing. After all, learning difficulties
appeared and she tried to overcome them. In this teaching segment, KolS played an
active role. On the other hand, KoL in the second teaching segment was used to
determine that the students needed enrichment activities so she offered them. The
teacher realized that enrichment concepts led to some learning difficulties in the
fourth teaching segments, and then, she explained them by using specific
instructional strategies. In other words, the sub-components of the characteristics of

gifted students and enrichment curriculum influenced her teaching.
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Figure 4.17. Teacher’s PCK Map While Practicing Kinetic Energy

While teaching kinetic energy, the teacher used other components as a

secondary interacted component. For instance, STO was used two times in order to

introduce targeted concepts and enrichment activities, KoA was used three times so

as to determine students’ prior knowledge and conceptual understanding, KoC was

used one time to offer enrichment activity, KoL was used four times in order to

realize the students’ learning difficulties, and KoIS was used two times to make

concepts more clear.

When comparing the Map A of kinetic energy with previous map of work and

energy, they have similar feature in terms of complex interactions and they have

approximately same number of interactions. In other words, the teacher reflected the

same degree of challenges while teaching the two topics.
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Map A: The study mapping approach
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Figure 4.18. Teacher’s PCK Maps While Practicing Potential Energy

Similar to the topic “kinetic energy”, potential energy had general teaching
pattern such as the students learned what potential energy was, the relationships
between mass and weight affecting potential energy of any objects, and they
practiced to calculate the magnitude of any objects’ potential energy. However, the
maps of potential energy (as seen in Figure 4.18) have less complex interactions than
kinetic energy maps because the students could transfer previous learning of features
of kinetic energy to new learning of potential energy. Therefore, potential energy’s
Map A includes eight interactions and only one triple interaction (interaction 6, KoC-
KoL-KolS). The interaction explained that enrichment activity (giving formula of
P=mgh and calculate potential energy) caused learning difficulties (the students

confused the differences between mass and gravity) and then, the teacher explained
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them verbally. As a result, in the topic “potential energy”, the teacher faced less
learning difficulties and experienced less pedagogical difficulties than she did in the
teaching of the topic “kinetic energy”.

Similar to previous maps, KolS (two times), KoC, and KoL (one time) acted
as initiative components. Because of the enrichment activity having mass and gravity
in the formula of potential energy, KoC was interplayed with KoL (occurring
learning difficulties). Moreover, due to the characteristics of the gifted students, they
interrogated enrichment concepts (this pedagogy reflected the interaction of KoL-
KoC), and the teacher had to explain those concepts. As a result, it was clearly seen
that the characteristics of the gifted students had an effect on the teacher teaching
practice in the topic “potential energy”.

In contrast to Kinetic energy and work and energy maps, potential energy map
included less secondary interaction components such as both KoL and STO appeared
two times, KoA, KoC and KolS were used one time. The amount of the secondary
interaction components also shows that teaching of the topic “potential energy” was
less difficult or complicated than teaching of other topics. In other words, the teacher
did not have much difficulty in translating her knowledge and abilities into
application level than other topics.
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Figure 4.19. Teacher’s PCK Maps While Practicing Conservation Energy
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The topic “conservation energy” included two objectives: (a) students will
able to explain that potential and kinetic energies can turn into each other, and (b) as
explaining energy transformation, students will able to predict that the energy
conserves. In order to cover these objectives, the teacher started the topic with asking
two questions by drawing (as seen in Figure 4.2). The students could interpret the
objects’ energy and their transformation from kinetic to potential and from potential
to kinetic. After determining of the students’ opinion about conservation energy, she
continued to explain the topic by lecturing. In this teaching segment as illustrated in
Map A in Figure 4.19, KolS acted as initiative component. In order to assess
students’ conceptual understanding, she asked additional questions related to the
daily life. In this segment, KoA acted as initiative component. Due to the fact that the
topic did not include complex content, only STO (two times) and KoA (once)

interacted as secondary components.
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Figure 4.20. Teacher’s PCK Maps While Practicing Simple Machines

In contrast to conservation energy and other topics, the introduction of simple
machines has less complex contents. It had two objectives: (a) students will able to
predict how to change the direction of a force, and (b) students will able to identify

the tools used to change the direction and magnitude of a force as simple machines.
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Therefore, the teacher started her teaching to determine students’ prior knowledge
about simple machines. Then, she explained the term of simple machines by using
many examples and visuals. Some students believed that machines require including
technological aspects such as motors, cables, electrical devices. Thus, this belief
yielded some pedagogical difficulties and the teacher tried to overcome them, which
is seen in interaction 3 in Map A in Figure 4.20. As a result, only KolS acted as
initiative component and KoA, STO, and KoL were interacted as secondary
components only once because simple machine topic included one teaching segment

and there was no additional enrichment activity.
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Figure 4.21. Teacher’s PCK Maps While Practicing Levers
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Levers were taught as the first example of simple machines. Students first
faced the mechanical advantages or disadvantages of force and load. Therefore, the
levers maps as illustrated in Figure 4.21 have similar complexity of interactions as
well as kinetic energy maps and it includes more complex interactions than simple
machines, conservation of energy, and other maps. It has three initiative components
(two of them is KolS and one of them is KoC) and 11 interactions. STO interacted as
a secondary component one time, KOL was six, KolS was five, KoA was four times.

The most complexity of interaction appeared in the first segment because the
students engaged in laboratory activity to discover the mechanical advantages of
levers. After laboratory work, the teacher explained the results of laboratory work.
There were some learning difficulties in interactions 2, 6, and 7. Moreover,
enrichment activity led to learning difficulties in the second teaching segment. In the
last segment the teacher asked some questions in order to assess students’ conceptual
understanding. As a result, some learning difficulties were appeared and the teacher
tried to overcome them by using appropriate instructions.

Similar to levers map (3 triple interactions, 2 quadruple interactions, and total
interaction number is 11), pulley interaction map includes two quadruple
interactions, one triple interaction, and total number of interactions is 13. Thus, it can
be said that these two topics maps include the most complicated objectives,
applications, and concepts because the teacher had difficulties during teaching of
them. These difficulties were reflected in interactions 3, 6 and 12 for pulleys map as
illustrated in Map A in Figure 4.22, and in interactions 2, 6, 7, 10 and 11 for levers
map as illustrated in Map A in Figure 4.21.

Similar to other maps, KolS (two times) and KoL (one time) acted as
initiative interaction component. There are three teaching segments, and first and
third segment include six and five interactions, respectively. In the first teaching
segment, the teacher faced the difficulties to introduce the differences between fixed
and movable pulleys. Second teaching segments involves two interactions between
KoL and KoC meaning that the characteristics of gifted students demanded
enrichment activity such as the students discovered the weight of pulleys affecting

the balance of the system and the teacher had to explain it.
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Figure 4.22. Teacher’s PCK Map While Practicing Pulleys

The final segment includes more interactions, for example, questioning technique

was used to overcome the students’ lack of knowledge about pulleys as illustrated in

interaction 9, and then the students took notes about pulleys as seen in interaction 10.

After introducing pulleys, she asked many questions to assess students’ conceptual

understanding (interaction 11). Some questions included complex pulleys system and

the teacher faced learning difficulties or lack of knowledge. And then, in order to

deal with the learning difficulties, she drew the question again and explained it step

by step (interaction 12). Finally, she continued to offer enrichment activity questions

so as to provide the meaningful learning about pulleys (interaction 13).
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The all components were used as secondary interaction components at a
similar amount such as STO interacted 2 times, KoA, KoC and KolS were 3 times,
and KoL was 5 times. Using of the secondary interaction components was nearly

similar to the topics “levers”, “kinetic energy”, and “work and energy”.
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Figure 4.23. Teacher’s PCK Maps While Practicing Hoists

Hoists topic is the extension of pulleys so the teacher reflected one teaching
segment in order to introduce it. She started to lesson with assessment to control
students’ prior knowledge about pulleys (as illustrated with interaction 1 in Map A in
Figure 4.23). Then, she continued to her teaching with explaining what hoist was and
why it was used. After introducing hoist, she asked a question to investigate the
relationships between force and load. However, some students had difficulties to
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understand the relationships between force and load (as seen in interaction 3). Then,
the teacher tried to explain hoists by drawing some questions sequential from easy to
difficult (as seen in Map A in Figure 4.9). Interaction four shows the teacher’s
struggle when she explained each question. The interaction also includes the most
complex interactions, and there are seven interactions. Finally, the teacher finished
the lesson by asking some questions in order to assess students’ performance (as seen
in interaction 5).

Only KolS appeared as initiative component, and there are five interactions.
KoL was three times, KoA and KolS interacted two times, and STO and KoC was
one time, Similar to other PCK maps, all PCK components interacted to each other in

teaching process.
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Figure 4.24. Teacher’s PCK Maps While Practicing Inclined Plane

The topic “inclined plane” is one of examples of simple machines. It includes

complex structure and concepts as well as other topics such as levers and pulleys.
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However, the teacher did not face too much pedagogical difficulties compared to
other example of simple machines. The inclined plane map has only four interactions
and three teaching segments and each segment has one or two interactions. Due to
the fact that the students could use previous learning about mechanical advantages
and feature of simple machines, they transferred easily the previous learning into
new topic of inclined plane. Thus, the teacher did not challenge so much when
teaching the topic.

KolS, KoC, and KoL acted as initiative components once (as seen in Map A
in Figure 4.24), and STO, KoA, and KoC were only used by the teacher once as
secondary interaction components. On the other hand, KoL and KolS were involved

the teaching segments on two times.
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Figure 4.25. Teacher’s PCK Maps While Practicing Spinning Wheel
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After practicing inclined plane, the students covered the meaning and logic of
simple machines. They could understand the applications of mechanical advantages
or disadvantages on various kinds of simple machines. Figure 4.25 shows that the
teacher used her PCK components only three times during spinning wheel topic.
KolS (two times) and KoL (one time) acted as initiative component and she formed

only three teaching segments including only one interaction.
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Figure 4.26. Teacher’s PCK Maps While Practicing Gears

Similar to spinning wheel map, the teacher did not challenge too much during
the teaching gears topic (as illustrated in Figure 4.26). Map A includes five
interactions and only KolS acted as initiative components. However, all components
interacted at least once as secondary interaction components. Furthermore, the topic
“hoops” map (as seen in Figure 4.27) reflected the teacher knowledge on similar way

with the maps of gears and spinning wheels.
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Figure 4.27. Teacher’s PCK Map While Practicing Hoops

The friction force is the last topic of the unit force and motion. The topic had
five objectives; Students will able to (a) demonstrate by experiment that the friction
surfaces are getting warm, (b) realize that friction force leads to decrease on amount
of kinetic energy, (c) explain the decrease of kinetic energy as an energy
transformation, (d) generalize that air and water resistance lead to decrease on
amount of kinetic energy, and (e) investigate where it is necessary to have more or
less friction force. The objective (a) was covered by the students in fifth grade level.
The objectives of (b) and (c) were discussed by the students in the topic “kinetic
energy” and “conservation of energy”. The objective (d) was explained by the
teacher at the beginning of friction force topic and the objective (e) was not
mentioned by the teacher. As a summary, the teacher asked some questions including
the objectives above (this pedagogy was reflected in the interaction 1 as seen in Map
A in Figure 4.28) and she explained all objectives briefly (it reflected in the
interaction 2).

The teacher’s main goal was to engage the students in laboratory work in
order students to investigate the relationships between friction force and mass/
surface area of any objects. This enriched activity was shown in the third interaction.
After laboratory work, the teacher explained the relationships in the enriched activity
and assessed students’ performance. The pedagogies were shown in the fourth and

the fifth interaction in the third teaching segment.
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Figure 4.28. Teacher’s PCK Maps While Practicing Friction Force

As always, KolS and KoL were used as initiative components and all PCK
components were used as secondary interaction component (except for KoL).
Because the students involved in inductive laboratory work all class hour, the teacher
only observed their performance, in other words, she did not involve in students’
implementations. Thus, KoL included learning difficulties, and other sub-
components did not appear during laboratory work.

As a general summary about interaction maps in the teaching practices, each
PCK map has different characteristics because of nature of the topic including
misconceptions, learning difficulties, or enriched concepts. Therefore, each map has
different interactions. For example, the maps of pulley topic (Figure 4.22) have most
number of interaction due to the fact that pulley includes more complex structure
than other examples of simple machines such as hoists, gears. The differences
between fixed and movable pulley, their formulas, and pulley weight led to some
learning difficulties in the students’ understanding. In order to deal with those
difficulties, the teacher tried to explain by using different instructional strategies,
examples, and demonstrations. Thus, the teacher’s PCK interactions were most
complex.

A similar situation is seen in kinetic energy and lever topics. The kinetic
energy topic (Figure 4.17) has complex concepts leading to some learning

difficulties. For example, although mass and speed affect the kinetic energy of an
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object, the students only considered affecting mass or speed. Thus, the teacher has
challenged to explain the topic to them. Moreover, introducing the formula of kinetic
energy also led to learning difficulties in terms of mathematical calculation, and
enriched concepts. As a result, the teacher remedied those learning difficulties and
used more different instructional strategies and techniques shaping the teacher PCK.
Another more complex interaction map appeared in the lever topic where the teacher
introduced the lever as the first example of simple machine. Teaching three kinds of
lever, mechanical advantages, and formulas led to some learning difficulties. Dealing
with each difficulty yielded more complex interactions in the map.

The topics of energy and simple machines have a main concept (energy and
simple machine) and examples of their applications (kinetic energy, potential energy,
and conservation of energy; lever, pulley, hoist, inclined plane, wheels, etc.). After
teaching main concept, the first example of main concepts has more learning
difficulties than following ones. The teacher had difficulties while teaching kinetic
energy due to the fact that the students came across this topic for the first time. On
the other hand, the potential energy led to less learning difficulties than kinetic
energy because the students were able to transfer what they have learned about
energy to the potential energy or next concepts. A similar transfer was seen in the
simple machines. The students could transfer knowledge or skills about the features
of simple machines to next examples of simple machines. Thus, the topic of inclined
plane, spinning wheel, and gearing had less complex interactions than the lever or the
pulleys.

According to the interaction maps, KolS is center component for each PCK
map and it interacted with each component in each map since the teacher engaged in
instructional process by using varied kinds of presentation. Moreover, the teacher
shaped her teaching based on KoL including prior knowledge, learning difficulties,
characteristics of the gifted students, and alternative conceptions. As a result, in order
to handle KoL requirements, the teacher selected appropriate instructional strategies

or techniques. Thus, KoL shaped the teacher PCK components’ interactions.
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4.3.3 The Differences between the Interactions of PCK Components in Planning
and Practicing Process

When the planning maps in Figure 4.12, 4.13, 4.14, and 4.15 were compared
to the practicing maps in Figures from 4.16 to 4.28, the differences became clear.
The first marked difference was related to the number of interactions. The teacher
used more PCK components interactions in the planning stage related to the topics
while she used fewer interactions in her actual teaching of those topics. The CoRe
lesson plan allowed the teacher to think deeper and in detail during planning because
she answered all of the CoRe questions and tried to take precautions against possible
learning difficulties, and alternative conceptions. For example, while planning the
Kinetic energy, the teacher thought that there might be learning difficulties when
introducing the formula of kinetic energy in terms of speed and velocity. She also
predicted that some students might confuse the differences between speed and
velocity, so it would take some class time even if she tried to explain the difference
between two terms briefly. However, while teaching the formula of kinetic energy,
there was no learning difficulty about the difference between speed and velocity. The
students used the speed concept correctly. In this regard, learning difficulty related to
the discrepancy between speed and velocity and dealing with appropriate strategies
were not coded as PCK components’ interactions in actual practice part whereas they
were coded in planning part. Generally, in practicing the related topics, the teacher
used her PCK components in order to explain targeted concepts, to assess conceptual
understanding, to remedy alternative conceptions, and to reach her goals and
purposes. In other words, KolS, KoA, KoL, and STO generally interacted with
another.

The second noticeable difference between planning and practicing is that each
component interacted with others as an initiative component in the planning part,
which meant that the teacher used some knowledge or ability as an initiative
component in order to meet the pedagogical needs for meaningful learning. The
initiative components the teacher deployed are also shown in Map A in Figure 4.12
and Figure 4.13 in large boxes. Thanks to the guidance by CoRe questions, the first

main interaction component was STO which refers to the teacher’s goals and
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purposes while teaching related topics. KoL followed STO to interplay with KoC in
order to reflect gifted students’ impact on the enrichment curriculum. Next, KoC
interacted with other components in order to determine the objectives, materials, and
enriched activities. After that, KoL which had the most interactions with others
because the teacher considered the students’ possible learning difficulties and
alternative conceptions acted as a main component. Finally, STO interplayed with
KolS and KoA to choose appropriate instructional strategies and assessment
techniques in order to reach her goal and purposes. While KolS and KoA did not
appear as initiative components in the planning stage, KolS interacted with others as
an initiative component in practicing maps because the teacher was in a facilitator
role and her speech, demonstrations, explanations, questions, or guidance were
suitable instructional strategies from the beginning to the end of each class.
Moreover, KoL, KoC, or KoA sometimes acted as an initiative component in the
practicing maps.

The last salient difference was related to the complexity of the interactions.
Generally, binary or triple interactions were coded in the planning part. The teacher
gave the answer to a CoRe question, and each question included binary interactions
such as STO-KoC, KoL-KolS, or KoL-KoA. Triple or multiple interactions rarely
occurred in the learning difficulties part of the CoRe plans. For example, the
interaction of KoL-KoA-KolS aims at handling a misconception, and KoL-KolS-
KoA-KolS-KoA-KolS was coded so that if the students did not understand a
concept, the teacher would apply different instructional strategies or techniques. On
the other hand, in the practicing part, triple interactions of components generally
occurred. When the teacher implemented her plan in class, many unexpected learning
difficulties appeared and they were overcome by the teacher. Thus, the complexity of
interactions increased towards the end of the course.
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CHAPTER 5

CONCLUSION, DISCUSSION, & IMPLICATIONS

In this part of the study, the findings of the study were summarized first based
on PCK components, and then each component results were compared and

contrasted with the studies in the field of science teacher education.

5. 1 Conclusion and Discussion of the Findings for the Nature of Topic-Specific
of PCK

5.1.1 Science Teaching Orientation

| discussed the teacher STO under three components in terms of Friedrichsen
et al.’s (2011) view such as teacher’ goals and purposes for science teaching,
teachers view of science teaching and learning, and teachers view of nature of
science.

The first component of STO is teacher goals and purposes for science
teaching. The teacher had particular goals for science teaching and learning such as
subject matter, schooling, affective, and gifted education. She gave priority to
enhance the students’ conceptual understanding of related subject matters as strictly
following the curriculum objectives, and this goal is generally adopted belief among
teachers (Ahtee & Johnston, 2006). She also did not concern schooling goals too
much to prepare her students for TEOG (the passing examination to high school).
Moreover, she also expressed some affective and gifted education goals because the
school context is comprised of gifted students, and the students need to participate in
differentiated educational supports (Renzulli, 1999; 2012; S¢kowski & tubianka,
2015). The second priority was to facilitate gifted students’ interest in science, and to
enhance her students’ knowledge and special abilities. The teacher’s goals about
gifted education derived from school policy because the aim of the school was to
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determine gifted students’ special abilities and to enhance those abilities by using
appropriate educational opportunities. The aim is parallel with gifted students’
education literature emphasizing that gifted students need to participate into
additional educational opportunities rather than regular curriculum (Bangel et al.,
2010; Croft, 2003; Calikoglu & Kahveci, 2015). As conclusion, the teacher reflected
multiple goals and purposes for science teaching and learning (Friedrichsen & Dana,
2005; Volkmann et al., 2005).

The second component of STO is teacher’s views of science teaching and
learning. The teacher presented her PCK in a teaching pattern for a science class, and
the pattern included four parts; (1) Beginning of the lesson: the teacher reactivated or
summarized the previous science concepts in order to determine the students’ lack of
knowledge, alternative conceptions, or prior knowledge. However, this pedagogy
was not applied for all classes such as conservation of energy, simple machine,
pulleys, inclined plane, gears and hoop. (2) Introduction of a new concept
/engagement: in this part, the participant teacher utilized the questioning technique in
order to help her students become ready for learning of new concepts, and to
determine the students’ alternative conceptions about new concepts. However, two
distinctive classes, the teacher did not apply the questioning technique and she
allowed her students to engage in an experiment aiming to discover the features of a
related concept such as levers and friction force. (3) Presentation and elaboration of
the target concepts: in this part, the teacher introduced or discussed the targeted
concepts by using lecturing. (4) Evaluation: in this part, the teacher checked the
students’ performance after teaching.

As seen from above, the teacher presented varied and different instructional
strategies and applications in her teaching pattern. Therefore, it seemed reasonable to
not label the teacher’s view of science teaching and learning on a specific orientation
such as didactic, discovery, or inquiry because the teacher had multiple and complex
STO (Friedrichsen & Dana, 2003; 2005), and her STO was in a messy structure
(Abell, 2007) in teaching three physics topics. On the other hand, according to the
results of card sorting activities, the teacher had a belief about science teaching and

learning as student-centered orientation regarding of the teaching related physics
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topics, and she did not accept the didactic orientation as parallel her teaching.
However, it was seen that the teacher also presented traditional teaching orientation
in classroom teaching practices. In other words, there were some mismatches among
the teacher’s ideal beliefs (identified by card sorting activities) and working beliefs
(identified during classroom teaching practice). This situation is generally common
among science teachers’ STO (Abell, 2007; Aydin et al., 2014; Campbell et al.,
2017; Ekiz Kiran, 2016; Goodnough & Hung, 2009; Schneider & Plasman, 2011;
Welch, Klopfer, Aikenhead, & Robinson, 1981). Because there are some factors such
as exam based teaching (Aydin et al., 2014), loaded curriculum (Samuelowicz &
Bain, 1992), lack of necessary time designing and applying minds-on activities
(Friedrichsen & Dana, 2005; Jones & Carter, 2007) to affect teachers’ STO. In this
respect, the participant teacher explained the reasons of mismatches as follows; time
concern requiring completing curriculum objectives in a limited time (it is a common
reason in studies including Turkish science teachers (Aydin, 2012; Ekiz Kiran, 2016;
Sen, 2014; Uner, 2016)), burden assigned by school management, lack of students’
abilities such as inquiry skills. Therefore, the teacher preferred to apply lecturing in
order to introduce new science concepts or to handle students’ alternative
conceptions during a limited time because lecturing was an easy way for the teacher
to overcome unexpected events. Moreover, this result might be explained by Padilla
and van Driel’s (2011) work. The participant teachers as university professors in
quantum chemistry believed that lecturing or didactic orientation is a more effective
technique when making thorough and careful clarifications of specific concepts
including abstract and complex in nature, or learning difficulties for students (Padilla
& van Driel, 2011).

However, we cannot say that teacher had teacher-centered teaching
orientation because she designed two inductive laboratory approaches and allowed
the students to discover related science concepts. She also had planned a few
additional student-centered activities but the limited time did not allow the teacher to
put laboratory works into practice due to fact that the students-centered or inquiry
activities require to have enough time both designing and enacting of them (Tamir,

1988; Welch et al., 1981). Moreover, because of characteristics of gifted students
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arising from this study such as interrogating and questioning of new information
(Stott & Hobden, 2016), asking challenged, unusual, and insightful questions (Miller,
2009; Park & Oliver, 2009), and boring during the lecturing parts of teaching (Joffe,
2001; Park & Oliver, 2009; Samardzija & Peterson, 2015), they enabled to change
the direction of teaching from teacher-centered to student-centered. Furthermore, the
teacher enriched her lectures by utilizing power point presentation, demonstrations,
models, examples and questions in order for students to be active participants.
Especially, the discussion technique is more appropriate in order to make the gifted
students be active participant (Coleman, 2003).

As a result, we cannot label the teacher’ STO in which she had a didactic
orientation explained by Magnusson et al. (1999) which is about convey the SMK to
the students. Moreover, the teacher had multiple orientations, which is supported by
the literature as science teachers might reflect varied kinds of teaching patterns
(Abell, 2007; Friedrichsen & Dana, 2003; 2005).

The third component of STO is teacher’s view of the nature of science. In the
study, the teacher neither planned nor practiced any teaching behavior about nature
of science aspects, and she also did not select the scenario about history of
development of concepts. In other words, the aspects of nature of science were not
considered to enhance students understanding of science abilities. This situation is
common among science teachers (Aydin et al., 2014; Boesdorfer & Lorsbach, 2014;
Demirdégen, 2016; Ekiz Kiran, 2016; Schneider & Plasman, 2011; Sen, 2014).
Although teachers ignore the teaching and learning of nature of science aspects, the
gifted students need much more nature of science aspects to gain scientific intuition.
As a result, whoever has a special ability in science have to know philosophy of the
nature of science (Gilbert & Newberry, 2007).

To sum up, the teacher reflected STO which is complex and subject specific.
In order to analyze whether the participant’ STO is topic-specific or subject specific;
I designed and applied individual card-sorting activities for each topic. According to
the card-sorting activities, the teacher grouped and reflected similar scenarios over
the three topics including work and energy, simple machines, and friction force. One

difference was seen in the topic work and energy, and the teacher did not select
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academic rigor scenario for gifted students. However, the rest of two topics such as
simple machines and friction force, the teacher believed that academic rigor activities
including simple machines problems and challenged examples help to enhance the
students’ problem solving and critical thinking ability, and the challenges help the
students enhance future learning of the mechanical issues. Therefore, if academic
rigor scenario is excluded, the participant teacher reflected similar results during
each activity, and it can be said that the teacher STO is subject specific in nature.
This finding is consistent with previous studies (e.g., Abell, 2007; Aydin et al., 2014;
Friedrichsen & Dana, 2005). However, Campbell et al.’s (2017) work showed that
teacher’s STO was topic-specific, and it was affected different resources such as
activities or topics. Their participant teacher selected standard-based reform
orientation; however, the participant reflected different degree of reform level which
was changing from topic to topic. For instance, the teacher reflected more traditional
orientation in the oceanography topic whereas the pollution topic was presented in
more reform-based orientation.

One specific aspect of STO component was seen in the results of being gifted
students in classroom context. The teacher’ STO was affected by gifted students in
terms of goals and purposes of science teaching, and teacher views of science
teaching and learning. Gifted students shaped the teacher goals and purposes by
adding additional goals such as determining gifted students’ special abilities, and
enhancing those abilities by utilizing specific educational activities such as
enrichment activities. As illustrated this effect of gifted students on the teacher’s
goals from teaching kinetic and potential energy topics, the gifted students asked
more concreate examples and explanations from the teacher. This request led the
teacher to design and apply enrichment activities including mathematical calculation
requiring using the formula of kinetic and potential energies. After getting feedbacks
about students’ performance, the teacher stated her reflection in the post-interview of
kinetic and potential energy as she decided to add more and challenged problems
related to kinetic and potential energy to her plan for the next year.

Moreover, the teacher’ view of science teaching and learning was shaped by

the gifted students, which the teacher’ STO changed from teacher-centered to
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student-centered orientation, because traditional strategies are not enough to meet the
needs of gifted students (Winstanley, 2007). The most distinctive example was seen
while teaching pulleys topics. The teacher planned to introduce pulleys by using
lecturing, but when she explained the differences between fixed and movable
pulleys, there was confusion in students’ mind. Some of them did not accept fixed
pulley as a simple machine, and one student did not understand the meaning of the
mechanical advantages in the movable pulleys. In other words, the lecturing was not
enough for better understanding, and the teacher tried to present alternative ways
such as demonstrations, videos, and pictures. However, the students were not
satisfied by the alternatives. Finally, she decided to engage the students in hands on
activity in which the students measured the weight of some specific objects by using
dynamometer in practicing fixed and moveable pulley respectively. As a conclusion,
the characteristics of gifted student shaped the teacher teaching from lecturing to
hands-on activity, and this result is parallel with Park and Oliver’s (2008) work, in
which teachers” STO were affected by gifted students in terms of goals and purposes
of science teaching and teachers’ views of science teaching and learning.

On the other hand, STO component shapes the other PCK components and
teacher teaching (Abell, 2007), and it is seen as the overarching component
(Boesdorfer & Lorsbach, 2014; Grossman, 1990; Magnusson et al., 1999) and
teachers teaching and applications (Abell, 2007). Although STO affect and shape
other knowledge bases and components, it is also affected by some factors such as
the out of school activities (Friedrichsen & Dana, 2005), school context (Friedrichsen
& Dana, 2005; Ramnarain & Schuster, 2014). In some context, STO might act as a
filter to act as an obstacle other PCK components (Friedrichsen et al., 2009;
Friedrichsen et al., 2011). Moreover, contextual factors such as time concern
(Friedrichsen & Dana, 2005), large class size, inadequate materials and resources,
(Ramnarain & Schuster, 2014), or exam based teaching and learning (Nargund-Joshi,
Park, Rogers & Akerson, 2011) have negative affect on teachers STO during
applying students-centered or reform based activities. However, in this study, the

participant teacher’s STO was affected by school context including gifted students
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who shaped the teacher’s teaching from traditional orientation to student-centered
orientation.

Contrary to science teacher PCK literature, Gess-Newsome (2015) and her
colleagues removed STO from PCK category and explained the teachers STO in
“amplifiers and filters” category. They believe that “amplifiers and filters” has an
effect on teacher teaching, in other words, teachers beliefs, orientations, and prior
experience act as amplifier or filter during teachers’ decision making process and
teaching practices (Gess-Newsome, 2015). In Melo et al.’s (2017) study, the effects
of emotions acted as amplifiers and filters in both teachers’ decision making process
and practicing. In other words, the negative emotions (frustration and anxiety related
to mathematical challenges to use for physics acted as filters) or positive emotions
(satisfaction, capability, security, and confidence deriving from the teacher’s content
knowledge, and her successful application of lab work and experimental activity
acted as amplifiers) shaped the teachers’” PCK similar to the beliefs in STO. As a
conclusion, the characteristics of gifted students and their learning behaviors acted as
amplifiers during both the teacher planning and the teacher practicing related

concepts.

5.1.2 Knowledge of the Curriculum

The teacher utilized the science curriculum very effectively when she selected
objectives, activities, or materials because her first goal was to provide the students
with conceptual understanding. In other words, she followed closely the curriculum
to plan and apply related topics and activities. However, following curriculum
strictly refers to novice teacher behaviors who feel incompetent themselves on
designing and applying any teaching because the teachers have weak knowledge
about science curriculum including science ideas or resources when their initial
teaching experience is considered (Schneider & Plasman, 2011). However, the
participant teacher could alter the sequence of the sub-topics, and she redesigned the
sequence of the sub-topics such as lever, pulleys, hoists, inclined plane, spinning

wheel, gears and hoops in order to help students gain better understanding. In doing
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so, the teacher used the time more efficiently because effective teachers require to
able to distinguish the differences between main concepts and trivial concepts for
students’ future learning (Geddis et al., 1999).

Training or certification programs designed to enhance teachers’ KoC provide
the teachers with obtaining much more science standards (Friedrichsen et al., 2009),
and the scope and sequence of concepts (Park & Oliver, 2008). In this respect, the
participant teacher did not engage in specific training program until this study.
However, Ministry of National Education (2006) has offered the teachers science
curriculum as guidance. The science curriculum from 5" to 8" grades included
objectives, classroom and outside activities, limitations, students’ alternative
conceptions, timeline (schedule), teaching methods and strategies, and assessment
techniques. Therefore, this detailed guidance enabled the teacher effectively to
design related activities or classes by utilizing her knowledge about vertical and
horizontal relationships among science concepts (Aydin et al., 2014; Sen, 2014).

According to the science curriculum (MNE, 2006) in Turkish context,
teachers can reach all knowledge and materials about both each subject (physics,
chemistry, biology, etc.) and each topic (work and energy, simple machines, friction
force, etc.). Moreover, each topic or science concept has different characteristics
such as objectives, recommended activities, limitations, students’ alternative
conceptions, or instructional and assessment strategies. In this respect, it is assumed
if a teacher is able to design and practice science lesson for any science topic by
using science curriculum from 5" to 8" grades effectively; the teacher has strong
knowledge of curriculum. Moreover, the participant teacher’s KoC can be also
considered topic-specific in nature. This result is also supported by Aydin et al.’s
(2014) study, however, Shulman (1986) and Gess-Newsome (2015) take
consideration of KoC as a knowledge base and it is subject-specific in their models.

In addition to science curriculum content (MNE, 2006), teachers enhance
their KoC while they are teaching and learning from one topic to another. In doing
so, they discover or recognize that each topic has different goals, outcomes, and
alternative resources (Goodnough & Hung, 2009). This situation is also supported by

Schneider and Plasman’s (2011) findings. They found that pre-service or novice
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teachers did not reflect their KoC more effectively than experience teachers because
new teachers were unfamiliar with scope, sequence, standards, or material in a
curriculum. Therefore, it is expected that each science topic provides teachers with
valuable planning and teaching experience.

Another salient knowledge appeared while the teacher was designing
enrichment activities. Due to the characteristics of gifted students, they need to
engage in enrichment curriculum materials (Calikoglu & Kahveci, 2015; Gilman,
2008). The teacher first aimed to teach the conceptual understanding of related topics
by utilizing textbook objectives and materials, and then, the students were able to
learn related concepts easily and quickly. In doing so, the rest of time, the teacher
provided her students with detailed and advanced knowledge and application by
using upper class concepts, or activities, which was called enrichment activities
(Freeman, 1998; Kim, 2016; Thomson, 2006). While designing enriched activities,
the teacher had to investigate both secondary science curriculum objectives,
materials and her students’ prior knowledge and skills that the students need to use
them during activities. This enrichment process distinguished the teacher from the
category in which novice or intern teachers consider curriculum with the textbook or
follow the curriculum strictly (Friedrichsen et al., 2009). In other words,
determination of gifted students’ needs is a teacher competency (Croft, 2003), and in
order to handle their needs including designing and enacting any science enrichment
activities require the teacher to use different competencies and skills (Chan, 2001,
Croft, 2003; Fiddyment, 2014; Johnsen et al., 2002; Park & Oliver, 2009; Pfeiffer &
Shaughnessy, 2015; Shaughnessy & Sak, 2015). Therefore, designing and applying
enriched activities in this study might enhance the teacher’ knowledge both
enrichment curriculum and regular curriculum.

The teacher provided the gifted students with enrichment activities including
high school curriculum concepts and objectives, and activities. In doing so, the
students gained more content knowledge rather than skills including science process
skills, nature of science, or creative and productive skills. In the literature, using
upper concepts and material to design enrichment activities including more detailed

and advance conceptual understanding is discussed by some researchers (Renzulli,
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2012; Shaughnessy & Sak, 2015). It is agreed that the gifted students need to more
challenging content to enhance their special abilities (Calikoglu & Kahveci, 2015;
Newman & Hubner, 2012; Shaughnessy & Sak, 2015) but only knowledge is not
enough for gifted students to enhance these abilities (Renzulli, 2012). In addition to
content knowledge, they need to engage in specific activities helping them enhance
science process skills (Calikoglu & Kahveci, 2015), nature of science (Gilbert &
Newberry, 2007), critical and creative thinking skills, and 21 century skills (Kaplan,
2012), and their motivation toward science (Calikoglu & Kahveci, 2015; Newman &
Hubner, 2012). As a conclusion, there are three aims to educate the gifted students;
(1) in order to enhance maximum cognitive development and self-fulfillment (2) to
generate talented people reservoir in order to provide society with specific benefit
arising from scientist, artists, engineers or leaders (Mammadov, 2015; Renzulli,
1999). (3) The last aim is to generate creative and productive individuals
(Aljughaiman & Ayoub, 2012; Renzulli, 2012). By taking into consideration above
literature, the gifted students should be engaged in the development of productive
and creative process (Renzulli, 2012). The gifted students can reach their fulfillment
level on creative and productive skills if they participate in activities designed in the
level of proximal development zone (Vygotsky, 1978). In this zone, gifted students
can both realize their special abilities and enhance those abilities. Moreover, true and
real development of abilities appears in this zone through helping gifted students

reach new competencies (Taber, 2007).

5.1.3 Knowledge of Learner

This part of discussion section includes four subtitles in this study; (1)
knowledge of the characteristics of gifted students, (2) knowledge of requirements
for learning, (3) knowledge of areas of student’s difficulty, and (4) knowledge of
areas of student’s alternative conceptions.

Knowledge of Characteristics of Gifted Students: This part includes the
teachers’ opinions about the gifted students’ special educational behaviors observed

during the teacher’s teaching such as quick and easy learning related to science
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concepts, asking difficult and interesting questions, and extending enriched activities
and discussions. To summarize the characteristics of gifted students arising from this
study; (1) the gifted students were not easily persuaded while learning new concepts
and they did not easily accept. (2) The gifted students tended to participate in
discussion with the teacher and their friends so this characteristic led to waste of
class time, but discussion instructional strategy is more appropriate for gifted
learners so as to enhance their critical thinking skills (Coleman, 2014). (3) The gifted
students tended to ask difficult and interesting questions. (4) The gifted students
tended to set impossible aims where they tried to conduct experiment impossible to
be done in the classroom. (5) The gifted students could extend the enriched activities
by their interrogation and questions, and the teacher had to explain or introduce more
upper science concepts or facts. (6) The last but the most common characteristic of
gifted students was that the students could learn quickly and easily any science topics
and concepts. In this respect, all the characteristics were observed in this study, and
each of them affected the teacher teaching while practicing work and energy, simple
machines, and friction force.

The participant teacher knew her students closely and gave individual
attention each of their learning, to illustrate; she monitored her students’ assignment
and performance until the completion period. She was also aware of a characteristic
of their students that gifted students generally modified new knowledge and
compared it with their preexisting knowledge, and then, they can apply it to new
situation. In doing so, the teacher was able to modify the sub-topic sequence in the
curriculum in order to help students transfer preexisting knowledge into new
situations. Therefore, she faced less pedagogical difficulties during the teaching of
spinning wheel and hoists topic. Moreover, her students persisted to interrogate
scientific phenomena and the teacher explanations, and the teacher did not pass to
teach next topic until they obtained meaningful learning (Stott & Hobden, 2016). To
sum up, the characteristics of gifted students observed in this study were aligned with
the gifted students’ literature, to illustrate, they are not easily persuaded when they
learn new concepts (Stott & Hobden, 2016), they tend to ask difficult and interesting
questions (Miller, 2009; Park & Oliver, 2009), they could extend the enriched
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activities by their interrogation and questions (Laine, Kuusisto, & Tirri, 2016; Stott
& Hobden, 2016), they could learn quickly and easily any science topics and
concepts (Gilman, 2008; Joffe, 2001; Laine et al., 2016; Manning, 2006; Miller,
2009; Park & Oliver, 2009; Taber, 2007).

The development of PCK arises from two resources such as content
knowledge and students’ knowledge (Shulman, 1987; Veal et al., 1999). In the
present study, the participant teacher might enhance her content knowledge through
designing and implementing various kinds of enrichment activities, and her PCK and
especially KoL might be also enhanced by the gifted students and their
characteristics (Park & Oliver, 2008). To sum up, the school context including gifted
students acted as amplifier in order to development of her PCK (Gess-Newsome,
2015) due to the fact that the gifted students provided the teacher with development
some specific abilities such as understanding characteristics of gifted students, and
designing and implementing of enrichment activities which are unusual and non-
generalizable abilities to better understand the teacher PCK (Baxter & Lederman,
1999).

Knowledge of Requirements for Learning: The knowledge about students’
pre-requisite for learning means to teachers need to having knowledge and abilities
for students’ meaningful learning. In other words, students have varied kinds of
requirements such as learning style, prior knowledge or abilities, or different learning
level. Therefore, teachers should be aware of these differences while designing and
implementing related science topics (Magnusson et al., 1999). In this respect, the
teacher in the present study was aware of these requirements for meaningful learning
in terms of conceptual understanding. Due to her KoC, she could consider sequences
of concepts in curriculum and she could also assess the students’ prior knowledge
about those concepts at the beginning of each class. To illustrate, in order to provide
meaningful understanding for work and energy topic, the students should have
knowledge about following concepts; force, net force, reluctant force, and work (to
understand energy and its types). Another example is that the understanding of the
concept of simple machines and its aspects plays an important role in the
understanding of other concepts that follow (Marulcu & Barnett, 2013).
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In this respect, these requirements were considered by the teacher during the
planning process but the teacher discovered some additional pre-requirement
concepts student should have during teaching parts such as differences between mass
and gravity, and unit of force and gravity. Moreover, the students needed to have
some abilities to participate laboratory work such as using dynamometer and
measuring force. The teacher recognized these requirements during the teaching of
related concepts, in other words, this pedagogical development is evidence that the
professional development of teachers is enhanced by teaching experiences (Abell,
2007; Goodnough & Hung, 2009; Lee & Luft, 2008; Magnusson et al., 1999; Park &
Oliver, 2008; Schneider & Plasman, 2011; Sen, 2014). On the other hand, the
mathematical calculations were a concern (in some cases, it is considered as a
negative emotion (Melo et al., 2017)) for the teacher during enriched activities owing
to fact that the teacher designed the activities including formula necessary for
students to have mathematical calculation skills.

Knowledge of Areas of Student’s Difficulty: As a common view, science
concepts are abstract and complex in nature so it is difficult to learn for students and
to teach for teachers (Ginn & Waters, 1995; Loughran et al., 2006). As regarding
physics concept more specifically, teachers consider that teaching physics concepts
more difficult than other subjects (Ahtee & Johnston, 2006; Johnston & Ahtee,
2006). These negative opinions about science concepts lead to hinder the
development of teachers PCK (Geddis & Wood, 1997).

With this in mind, the participant teacher believed that her students had
negative attitude toward force and motion units through 5™ to 8" grade. Therefore,
while teaching related concepts, the teacher faced many learning difficulties. The
verbal explanation of the teacher was not enough for students to meaningful
understanding because of abstract nature of concepts, and physics concepts are not
easily explained (Johnston & Ahtee, 2006). The teacher had to involve additional
attempts and efforts such as explaining formula of phenomena in order abstract
nature to become more concrete nature as numerical evidence. To sum up, contrary

to Geddis and Wood’s (1997) opinion about negative attitude hinder the development
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of PCK, the participant teacher might enhance her KoL and KolS while she was
handling each of learning difficulty.

The teacher's knowledge of areas of student difficulty arose from two
resources such as students' pre-requisite knowledge and enrichment activities
including upper concepts and materials. The first resource was generated by the
nature of physics concepts including abstract and complex phenomena, and the
students had difficulties for understanding each of them. The second resource was
related to enrichment curriculum materials requiring the students should have
additional background knowledge and abilities. As a conclusion, each enriched
activity caused learning difficulties in teaching of the related topics, and the teacher
had valuable experience from feedback of students’ performance. Therefore, it is
important being aware of students learning difficulties for the teachers but many
studies have not been considered students’ learning difficulties as a sub-component,
stated differently, they have only focused on students’ misconceptions, how the
misconceptions are determined and how they are handled (Schneider & Plasman,
2011).

Knowledge of Areas of Student's Alternative Conceptions: The teachers and
students have misconceptions or alternative conception about physics concepts such
as work and energy (Avci, Kara, & Karaca, 2012; Coban, Aktamis, & Ergin, 2007;
Kruger, 1990; Trumper, 1998; Yiriimezoglu, Ayaz, & Cdkelez, 2009), simple
machines (Marulcu & Barnett, 2013), and friction force and energy (Atasoy &
Akdeniz, 2007; Hanger, 2007; Hope & Townsend, 1983; Kaplan, Yilmazlar, &
Corapgigil, 2014) because of the abstract and complex nature of them. The present
study has three topics such as work and energy, simple machines and friction force.
Naturally, alternative conceptions arising from students’ thoughts appeared while the
teacher was teaching each topic. In this respect, the alternative conceptions of
students were separated by two categories such as awareness of the teacher, and
unawareness of the teacher. In the awareness category, the teacher stated the possible
alternative conceptions in her CoRe lesson plans, such as (1) work is anything
someone does in daily life, (2) speed and velocity are the same things, and (3)

machine is something which includes technological elements. These alternative
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conceptions are considered in literature as misconceptions, and the teacher was
conscious all of them. Therefore, she took specific precautions to determine and
handle each of them before teaching related concepts.

However, in the unawareness category, the teacher discovered some
alternative conceptions arising from students’ daily life, their experiences, or reading
upper grade resources while she was teaching related topics. To illustrate, (1) a fast
car has more kinetic energy than a slow car, (2) an object which is at the higher
position has more potential energy than the one is at a lower position, (3) energy is
lost when it changes from kinetic to potential, (4) stairs are not an inclined plane
because we cannot transport any object along the stairs by dragging, (5) mass and
weight are the same things, (6) we can obtain mechanical advantages from work and
energy, and (7) friction force is always in the opposite direction to the object's
motion. Therefore, she could not take specific precautions to determine and handle
each of them. All these alternative conceptions led to more learning difficulties while
the teacher was overcoming each of them.

While the teacher was determining the possible alternative conceptions, the
questioning strategy was used at the beginning of the lessons, to create a brief
discussion. Moreover, the students’ responses and their performance in the activities
helped the teacher recognize alternative conceptions in the unawareness category.
After teaching related topics, each alternative conception in the unawareness
category was discussed with the teacher in the post-interviews. The teacher
confirmed each alternative conception arisen from her teaching practices, and which
caused the learning difficulties. However, | did not clarify whether or not the teacher
was familiar with those alternative conceptions in the unawareness category. She
might have known those alternative conceptions but she may not have mentioned her
CoRe plans, or she might have been unaware all of them and she could not write her
plans. There was a certain thing that the alternative conceptions in the unawareness
category were arisen from classroom practices. To sum up, if the teacher was
unaware of those conceptions, it could be said that the teacher did not have enough
knowledge about students’ alternative conceptions. Similar result also appeared in

Friedrichsen et al.’s (2009) study in which the participant teachers were unfamiliar

229



with topic-specific alternative conceptions. She did not also use additional strategies
to overcome these alternative conceptions such as concept map, models, analogies or
KWL chart, which is also similar to Ekiz Kiran’s (2016) results. Therefore, the
teacher did not reflect rich PCK about how alternative conceptions were determined
and how they were overcome. However, the teacher might enhance her PCK by
discovering the alternative conceptions in the unawareness category because
teachers’ knowledge about students’ alternative conceptions acts as a primary
resource which affects the teachers PCK (Park & Oliver, 2008).

To sum up, the teaching experiences of three topics work and energy, simple
machines, and friction force enhanced the teacher’ KoL through facing unusual and
non-generalized students’ interactions (Goodnough & Hung, 2009) due to the fact
that KoL is topic specific in nature, in other words, a teacher can present different
knowledge level from one topic to another (Aydin et al., 2014). This experience also
increased the teacher SMK through designing and implementing enrichment
activities, and her students’ challenging questions because novice teacher or pre-
service teachers do not have enough knowledge about both SMK and KoL. They
consider the teaching as a transformation SMK to the learners, stated differently;
they ignore the knowledge of students about science and only focus on SMK.
However, “teacher thinking appears to progress first to thinking about learners, then
to thinking about teaching, and finally to building a repertoire” (Schneider &
Plasman, 2011, p. 555).

5.1.4 Knowledge of Instructional Strategies

As usage of instructional strategies and presentations in work and energy,
simple machines, and friction force, the participant teacher utilized different
strategies based on the nature of the topics. On the other hand, subject-specific
instructional strategies such as inquiry, learning cycle, or conceptual change
approach were not practiced though teaching of three physics topics. Actually, this
situation is not really surprising in Turkish context (Akin, 2017; Aydimn, 2012; Ekiz
Kiran, 2016; Sen, 2014). There might be some reasons why the teacher did not tend

230



to consider subject-specific strategies such as teacher beliefs (Magnusson et al.,
1999). The decision making process might hinder the selection of subject specific
strategies and some factors might act as filter to shape the teacher teaching or
decision making process (Gess-Newsome, 2015) such as lack of time (Friedrichsen
et al., 2011), loaded curriculum (Ekiz Kiran, 2016; Samuelowicz & Bain, 1992), lack
of knowledge and ability about implementation of strategies (Settlage, 2000; Welch
et al., 1981), or lack of teaching experience (Flick, 1996). In addition to filters,
professional development might affect the reluctance of subject-specific strategies.
The participant teacher had engaged in the experience of argumentation method for
gifted students training program, and she believed that she had enough knowledge
and abilities to designing and implementing of argumentation. In doing so, she tried
to apply argumentation activities but she did not achieve. The reasons why the
teacher was unsuccessful arisen from limited time, lack of teaching experience, and
lack of the students’ knowledge and abilities to conduct the argumentation.

As regarding work and energy topic, the teacher started the lesson with
questioning technique to determine the students’ prior knowledge and alternative
conceptions. This step was very important for the teacher because students’ prior
knowledge about work and energy shaped the meaningful learning of targeted
concepts. If any alternative conceptions or incorrect prior knowledge were detected,
the lecturing or verbal explanations were utilized to overcome the incorrect
information because the teacher believed that verbal explanation is more appropriate
precautions in the limited time. After practicing the questioning technique, the
teacher practiced the targeted concepts by lecturing which was enriched with power-
point presentations, demonstrations, discussions, or models. The usage of topic-
specific instructional strategies varied from sub-topics to sub-topics and students’
feedback. This effect of students’ feedback on teachers’ teachings appeared in Lee
and Luft (2008) work in which teachers redesigned and modified their teaching
based on students’ performance.

In the present study, this lecturing part was slightly different from general
meaning due to the fact that gifted students tend to participate in lecturing parts of

lesson by using discussion questions. Stated differently, in the lecturing part; the
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gifted students were active participants by their questions. In the literature the studies
(Miller, 2009; Newman & Huber, 2012; Park & Oliver, 2009) support this result as
gifted students are active participants and they tend to create discussion environment
(Coleman, 2014) because they are bored in the teacher-centered instruction
(Samardzija & Peterson, 2015). Therefore, the students do not accept the teacher’s
verbal explanations easily (Stott & Hobden, 2016), so they ask more concrete
examples. In this respect, the participant teacher faced the effects of characteristics of
gifted students in this present study. For example, her students asked more concrete
explanations or examples and in order to handle this situation, the teacher offered the
formula of related science phenomena, and gave some numerical problems. After all,
the students took note about important definition, facts, or formulas and examples.
The teacher used generally same teaching pattern including questioning, lecturing,
teacher application of specific problems, and then evaluation of students’
performance. This teaching pattern might be arisen from the teacher’s learning
experienced during her high school or undergraduate years (Grossman, 1990).
Moreover, the lack of knowledge about subject-specific instructional strategies or the
lack of their experiences might be a reason why same teaching pattern was utilized
by the participant teacher (Aydin, 2012). On the other hand, the teacher tried to
engage her students in argumentation teaching method for learning of kinetic and
potential energy. However, the students did not achieve to complete argumentation
because of some limitations such as insufficient time and shortage of materials, and
lack of the students’ argumentation skills.

As regarding instructional strategies for simple machines, the similar topic-
specific instructional strategies were observed in the teaching of sub-topics, but some
specific differences appeared such as inductive laboratory work, advanced and
complex problems aligned with the academic rigor STO, analogy among levers and
spinning wheel, and model of gears and hoops. The first example of simple machines
was levers and the students engaged in inductive laboratory work in order to discover
mechanical advantages of force and load. At the end of the lab work, the students
were successful on the meaningful learning of levers. After teaching lever topic, the

teacher utilized the similar topic-specific instructional strategies and teaching pattern
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while teaching other example of simple machines such as pulleys, hoists, inclined
plane, spinning wheel, and gears and hoops. Moreover, a difference application
appeared while teaching pulleys and hoists sub-topics. Advanced and complex
problems including secondary science curriculum objectives and applications were
employed by the teacher in order the gifted students to participate in challenging
problems to enhance their special abilities. Another different instructional strategy
occurred during the introduction of spinning wheel sub-topic. The teacher utilized
the analogy method so as the students to transfer previous learning of mechanical
advantages of lever to spinning wheel topic. The gifted students were very successful
in transforming of preexisting knowledge and applications to new situations. Stott
and Hobden (2016) identified this learning strategy as linking and organizing where
gifted students modify or change the previous knowledge in order to connect it with
new situations. The last different strategy was to use the model including some gears
and hoops connected together with parallels, cross, and chained in order the students
to gain firsthand experience with gears and hoops.

As regarding the last topic of friction force, the teacher employed the similar
topic-specific strategies with work and energy. However, a different strategy
appeared at the end of the topic as called inductive laboratory work which including
similar pattern with lever topic. In the laboratory work, the students discovered the
relationships between the friction force and the surface/weight of any object.

One salient feature of the teacher was to offer her students mathematical
calculations and formula after introduction of targeted science concept or
phenomena. The reason why the teacher used mathematical calculation was to
present the gifted students more concrete evidence because of the abstract and
complex nature of physics topics (Ahtee & Johnston, 2006; Ginn & Waters, 1995;
Johnston & Ahtee, 2006; Loughran et al., 2006). In this respect, the gifted student
generally negotiated and questioned all explanations mentioned by the teacher and
they did not accept the teacher explanation easily. Thus they need to see more
concrete examples or explanations. So as to handle this situation, the teacher selected
to support her explanations with numerical evidence, and formula of science

phenomena. Another reason why the teacher used mathematical calculation was to
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engage her students in more challenging topics and applications because gifted
students need to participate in challenged and advanced learning environment so as
to enhance their abilities (Croft, 2003; Manning, 2006; Sekowski & f.ubianka, 2015).
In this respect, simple machines and its examples were more appropriate enrichment
activities for gifted students. The last reason why the teacher used mathematical
calculation was to prepare her student for high school context. The enrichment
activities including secondary school science curriculum objectives and materials in
terms of the topics of work and energy, simple machines, and friction force provided
her students with valuable experience in which the student practiced the
mathematical problems. Therefore, the teacher believed that her students would
become familiar with secondary school topics by participating in the enrichment
activities. On the other hand, teachers generally present mathematical problems and
formula in secondary school level students and exam-based context (Aydin, 2012;
Rollnick, Bennett, Rhemtula, Dharsey, & Ndlovu, 2008; Uner, 2016). Stated
differently, teachers who have exam-based orientation take place multiple choice,

open-ended problems including the using a formula in their teaching.

5.1.5 Knowledge of Assessment

Before summarizing the participant teacher’s KoA, it is important to
emphasize the notion of KoA in science teacher literature. In general meaning, KoA
has been ignored in PCK studies (Abell, 2007; Schneider & Plasman, 2011).
Although some studies investigated KoA, participant teachers focused much less
consideration on assessment process both planning and practicing related topics than
other PCK components (Padilla & Driel, 2011; Schneider & Plasman, 2011). Even
more, Friedrichsen et al. (2009) found that both interns and experience teachers did
not include assessment part in their lesson plan, and they only used informal
strategies to monitor students’ performances. Moreover, some studies investigated
the interaction of teachers PCK components, and they had common result that KoA
was connected with other components at least level (Aydin & Boz, 2013; Aydin et
al., 2015; Kaya, 2009; Padilla & Driel, 2011). As a conclusion, teachers do not pay
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enough attention or do not consider utilizing assessment process in their teaching.
Friedrichsen et al. (2009) interpreted this deficiency of KoA that teachers having
teacher-centered orientation consider assessment as summative in nature including
multiple choice tests, or quizzes performed at the end of the related unit. Those
teachers use only informal techniques such as questioning or monitoring students’
performance, thus, they did not take place the assessment in their lesson plans.

By taking into account the teacher’s knowledge of assessment in this study,
she could check the students’ prior knowledge, alternative conceptions, and
performance through at the beginning to the end of class because she monitored the
students’ conceptual understanding very closely, namely, the individual evaluation
was utilized. She was also aware of the assessment role to shape her teaching in
terms of curriculum and instructions by getting students feedback. In doing so,
individual assessment in which the teacher determined her students’ prior
knowledge, skills, and deficient parts of topic played essential role in order to
provide meaningful understanding while designing and implementing enrichment
activities.

The teacher generally focused on students’ conceptual understanding on the
topics of work and energy, simple machines, and friction force. Therefore, she
presented the assessment pattern during her teaching; to elicit student’s prior
knowledge or alternative conceptions, content assessment, and to grade students’
performance. The teacher also utilized informal assessment techniques such as
questioning and observation which are commonly utilized among by the teachers
(Ekiz Kiran, 2016; Friedrichsen et al., 2009; Schneider & Plasman, 2011; Sen, 2014;
Uner, 2016) to elicit student’s prior knowledge whereas she used formal techniques
such as quizzes, test, or homework to assess conceptual understanding or students’
performance on targeted concepts.

To sum up, the teacher performed the similar assessment pattern and
techniques in order to evaluate her students’ performance during the three physics
topics. Therefore, it can be said that KoA acts as subject specific in nature (Aydin et
al., 2014; Uner, 2016). This result is aligned with Gess-Newsome (2015) PCK model

in which assessment knowledge is considered as a knowledge base in subject-
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specific nature. The reason why the teacher performed the similar assessment pattern
might be arising from her KoL (Henze et al., 2008). In this study, the teacher had
some deficient alternative conceptions about physics topics, and if she was more
aware of them, it is reasonable to think that she would vary her teaching and
assessments. Moreover, the development of teachers KoA enhances more slowly
than other components (Hanuscin, Lee, & Akerson, 2011; Henze et al., 2008), thus,
teachers require participating in professional development programs in order to
enhance their assessment repertoires because teachers’ inadequacy on authentic
assessment techniques lead them to choice traditional assessment strategies (Aydin,
2012; Goodnough & Hung, 2009). An example of professional development process,
Falk (2012) designed a formative assessment context for teachers’ professional
development in order to enhance teachers’ knowledge and practices. During the
training program, participant teachers generally used KoC, KolS, and KoL. At the
end of program, teachers enhanced their KoL, KoC, and KoA. As a conclusion, KoA
in terms of formative knowledge and abilities was only enhanced through teachers’
evaluating and reviewing assessment tasks in the professional development
programs. Otherwise, teachers generally use knowledge of assessment strategies
which are shaped and arising from the notions of teachers’ student years (Kamen,
1996).

5. 2 Conclusion and Discussion of the Interaction PCK Components

In this part of the study, the interaction PCK components both planning and
practicing parts were first summarized and then discussed with the interaction PCK
literature.

In order to summarize the teacher’s PCK maps for planning process, Figure
5.1 can be constructed. The three components of STO, KoC, and KoL acted initiative
components in the planning process due to the fact that the CoRe lesson plans and
pre-interviews questions shaped the teacher’s decision making process. At the
beginning of her plans, the teacher reflected her goals and purposes to select
curriculum objectives, enrichment activities, instructional strategies, and assessment
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techniques. Then, she planned to design enrichment activities in order to meet the
needs of gifted students. In this part, KoC played important role to combine the
students’ prior knowledge and the teacher knowledge about high school curriculum.
Finally, the teacher considered the students’ possible misconceptions and learning
difficulties while planning all topics. In the planning part, the three PCK components

were often interacted by the teacher with her other PCK components.
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Figure 5.1. The Summary of the Teacher’s PCK Components
Interactions in Planning Stage.

KoL and KoC shaped the teacher goals and purposes as seen in Figure 5.1.
When looking at the data arising from CoRe plan and pre-interviews in detail, the
sub-components of knowledge of characteristics of gifted students in KoL and
knowledge of enrichment curriculum in KoC affected the teacher decision making
process. Because her learners were gifted students, they needed to engage in
enrichment activities. Thus, she had to differentiate her STO from general science
teachers’ STO. These effects of sub-components on STO were seen in the all PCK
maps so it can be constituted Figure 5.1. As a conclusion, it can be said that gifted
students acted as an amplifier to shape the participant teacher’s PCK. On the other
hand, KolS and KoA played an important role at the second part of planning part
while the teacher was planning all topics. The teacher built her lesson based on
students’ prior knowledge and abilities so she had to assess students’ prior
knowledge. In order to assess, she used particular instructional strategies, examples,
models, etc. Then, the teacher considered the students’ possible misconceptions or

learning difficulties and she planned how to overcome those difficulties by using
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specific instructional strategies. After instruction, she assessed the effectiveness of
her teaching. Thus, the second part of her planning stage, KolS and KoA shaped the

teacher design making process.

KoA STO KoC KoA
Kol$ KoL KoC KolS
k KoL
KoL KoC

Figure 5.2. The Summary of the Teacher’s PCK Components
Interactions in Teaching Practices

In order to summarize the teacher’s PCK maps for teaching practice process,
Figure 5.2 can be constructed. The teacher generally used her PCK components in
four teaching segments. The first segment has KolS as initiative component
interacting four components, in other words, the teacher reflected and presented the
most pedagogical behaviors in this segment. She generally started to ask questions to
students in order to assess their previous knowledge, alternative conceptions, or
misconceptions, which mean that KolS interplayed with KoA. After controlling or
recalling students’ prior knowledge, she focused on targeted concept and she
introduced related topics by using selected instructional strategies. Namely, it meant
that KolS interacted with STO. As the course progresses, there were generally some
learning difficulties in which students did not understand the concepts, explanations,
or activities arising from the teacher’s teaching. In this regard, it was represented the
interaction between KolS and KoL in the first teaching segment. The final interaction
between KolS and KoC in this segment appeared when the teacher tried to handle
learning difficulties by offering more detailed explanation or more concrete
examples. In this situation, she generally presented the formula of related concepts or
phenomena which was called enrichment activity. This pattern can be seen (the first

teaching segment) in her all teaching practices. Some topics including less complex
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content such as hoops, gears, hoists, and simple machines consisted of only one
teaching segment. However, the number of interactions changed according to the
nature of the topic.

Second teaching segment consists of one interaction of KoL and KoC. In this
segment, we can emphasize the effects of knowledge of characteristics of gifted
students on the teacher’s teaching practices. It was mentioned in the part of “4.2.3.1
Knowledge of Characteristics of Gifted Students” that the students asked a lot of
questions and negotiated the teacher explanations. Thus, they could realize upper
class concepts which were not targeted to teach by the teacher and they extended the
targeted concept into upper class concepts. For this reason, the teacher had to explain
upper class concepts which were called enrichment activities. Similar to planning
maps, the characteristics of gifted students’ sub-component acted as an amplifier to
shape the teacher teaching.

It was not easy for the teacher to explain or to teach enrichment activities due
to the fact that each activity had some requirements, for instance, students should
have prior knowledge, mathematical skills and abilities which were stated clearly in
part of “4.2.3.2 Knowledge of Requirements for Learning”. These enrichment
activities led to appear a lot of learning difficulties, which was called the interaction
of KoC and KoL in the third teaching segment.

The last teaching segment is related to the interaction of KolS and KoA. This
segment generally appeared in the complex topics such as work and energy, Kinetic
energy, levers, pulleys, spinning wheels, and friction force. The segment was used by
the teacher when she summarized the topics and assessed the students’ conceptual
understanding on related topics. If the students had still learning difficulties or lack
of knowledge about targeted concepts, the teacher tried to deal with them by using
specific instructional strategies. As a result, this teaching segment consisted of the
last part of the teacher teachings.

After conclusion of the interaction findings of this study, some factors were
discussed with science teacher PCK literature. It has been suggested to investigate
the interaction of PCK components because there have been still unclear points in the
PCK literature (Abell, 2008; Henze et al., 2008; Lee & Luft, 2008; Magnusson et al.,
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1999; Park & Oliver, 2012). In this respect, the scholars have been trying to find out
the relationships among both knowledge bases (Cochran et al., 1991; Fernandez-
Balboa & Stiehl, 1995; Friedrichsen et al., 2009; Kaya, 2009) and PCK components
(Akin, 2017; Aydn et al., 2015; Aydin & Boz, 2013; Demirdégen, 2016; Ekiz Kiran,
2016; Henze et al., 2008; Kaya, 2009; Padilla & van Driel, 2011; Park & Chen,
2012). In addition to above studies, it was expected that the present study provided
the interaction PCK components literature with valuable evidence and information
about how a science teacher plans and practice related science concepts.

The first factor requiring the discussion with literature was that the
interactions of PCK components act in a topic-specific nature. Stated differently,
each teacher PCK map both in planning and in practicing process had different
interactions such as binary, triple, or more than. Even though the study included one
middle school science teacher, and she reflected same planning pattern, both
planning and practicing maps differed from each other. It is reasonable to think that
each topic or sub-topic includes concepts with different level of complexity which
can be difficult to learn for students and to teach for the teacher. Moreover, if a
teacher has strong knowledge about students’ misconceptions on a specific topic, the
teacher reflects more robust PCK in teaching process (Park & Oliver, 2008). In this
respect, the participant teacher was not aware of students’ possible alternative
conceptions derived from classroom observations, if she was; she would present
more various PCK maps. As a conclusion, the topic-specific issue is a common result
for the studies among to investigate the interaction of PCK components (Akin, 2017,
Aydm & Boz, 2013; Park & Chen, 2012).

The second factor was the effect of STO on teacher PCK. The general
acceptance about STO is that it is over-arching knowledge, shapes or moderates the
other PCK components, and teachers’ decisions making process (Aydin & Boz,
2013; Boesdorfer & Lorsbach, 2014; Friedrichsen & Dana; 2005; Friedrichsen et al.,
2009; Friedrichsen et al., 2011; Grossman, 1990; Magnusson et al., 1999; Park &
Chen, 2012). To illustrate, having didactic orientation hinder to use authentic
assessment techniques (Aydin, 2012; Ekiz Kiran, 2016) or teachers’ beliefs and

values might mediate the selection of assessment strategies including science process

240



skills or nature of science (Abell, 2007). Another example also appeared in Park and
Chen’s (2012) study. Their participant teacher had teacher-centered orientation and
he presented generally lecturing and discussion. In doing so, he accepted that his
students came to class without misconceptions, and his students only could not
remember previous learning. Therefore, the participant teacher ignored to check the
misconceptions during teaching of related topics, in other words, the teacher’ STO
hindered the interaction between KolS and KoL.

Similar to general acceptance of STO, in this study, STO interacted with (1)
KoC (the teacher’s goal is to teach curriculum objectives or enriched activities), (2)
KoL (the teacher’s goal is to teach prior knowledge of related topic in order to
provide meaningful learning, or in order to enhance students' abilities; creativity,
reasoning, and thinking), (3) KolS (the teacher’s goal is to apply student-centered
instructional strategies in order to enhance students’ conceptual understanding), and
(4) KoA (the teacher’s goal is to assess the students’ learning at the end of the
course) in binary way. Each binary interaction reflected the influence of the teacher
STO on other components. Moreover, the effect of STO can be seen all PCK maps in
planning process.

On the other hand, this study provides STO literature with new evidence that
knowledge of characteristics of gifted students and enrichment curriculum affected
the teacher’ STO. Gifted students shaped the teacher goals and purposes by adding
additional goals such as determining gifted students’ special abilities, and enhancing
those abilities by utilizing specific educational activities. Moreover, the teacher’
view of science teaching and learning was shaped by the gifted students, which
tended the teacher’ STO change from teacher-centered to student-centered
orientation, because, traditional strategies are not enough to meet the needs of gifted
students (Winstanley, 2007). Stated differently, the school context including gifted
students shaped the teacher’ STO. It can be interpreted with Park and Chen’s (2012)
results in this manner. In their study, although participant teachers planned science
lesson based on similar topics and similar planning process, their PCK maps differed
from each other, namely, the students’ feedbacks during the teaching might shape the

teachers’ PCK maps. Moreover, the evidence stemmed from Henze et al. (2008)
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might support to effect of gifted students on teachers’ STO. In their study, participant
science teachers presented teaching in more or less student-centered tendency, and
during the study, the teachers’ goal and objectives did not significantly change over
time, namely, the non-gifted students did not shape of the teachers” STO or KoC.

The third factor requiring the discussion with literature was the frequencies of
interaction components. Some studies focusing on the interaction components did not
find out any evidence about KoA and its effect of teachers’ PCK. For example, Kaya
(2009) clarified that KoA did not connect other components significantly.
Friedrichsen et al.’s (2009) participant teachers did not take place any assessment
strategies in their works. Another study was conducted by Padilla and van-Driel
(2011), and they found as KoA at a certain relationship with others but at least level,
similar to studies results arising from Aydin and Boz (2013), and Aydin et al. (2015).
However, Park and Chen (2012) were able to detect KoA effects on teachers’ PCK.
In their study, by the way, KoC was at least interaction components and it generally
interacted with KolS. KoA was more interacted with KoL and KolS than STO and
KoC because the participants used informal assessment skills such as questioning or
monitoring in order to determine students’ performance. In this respect, KoL and
KolS were more employed in interaction with KoA. In the present study, parallel to
Park and Chen’s (2012) results, KoA was used by the teacher so many times both in
planning process and teaching process. Stated differently, the participant teacher did
not ignore to monitor her students’ learning performance.

As regarding the frequencies other components, STO appeared at all the
stages of teaching practices, because this component reflected the teacher’s goal and
proposes in the planning map. While KolS and KoA did not appear as initiative
components in the planning stage, KolS interacted with others as an initiative
component more than others in practicing maps because the teacher was in a
facilitator role and her speech, demonstrations, explanations, questions, or guidance
were suitable instructional strategies from the beginning to the end of each class.
Moreover, KoL, KoC, or KoA sometimes acted as an initiative component in the
practicing maps. On the other hand, KoL is the most interacted component in

planning. As regarding other studies results on interaction PCK components, KoL,
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KolIS, and KoC were used as central components (Akin, 2017). KoL and KolS were
also more interacted components but KoL and KoC were active components in order
to understand students’ prior knowledge or alternative conceptions (Aydin & Boz,
2013). Another study showed that KoC was the most enhanced component through
CoRe mentoring program (Aydin et al., 2015). Similar to previous studies, KoL and
KolS played an important role during planning and practicing process, and they were
more interacted than other components (Park and Chen, 2012). To sum up, the
results of above studies show how PCK components interact in a complex way in
terms of understanding science teacher PCK.

The fourth factor requiring the discussion with literature was the complexity
of the interactions. This study included a mapping approach involving teaching
segments and decision making segments (there are no any relationships among two
segment, namely, the arrows between two segments represent the sequence of the
segments), one-way interactions (for example, KolS-KoC means that the teacher
uses a specific instructional strategy or activity in order to provide gifted students
with enrichment activities.), and the complex level of interaction (some interactions
involve three components, some of them include four or more than). This
demonstration of the interactions varies from topic to topic. Henze et al. (2008)
showed the PCK development process and which components enhance the
development of other components by drawing one-way or mutually interaction.
Similarly, Aydin (2012) explained the interactions among PCK components in
mutual and one-sided interactions. Moreover, Aydin and Boz (2013), they explained
the interactions in simple way including that one component informs other
component such as KoL informed KolS, and in a complex way including that one
component was affected or informed by the other two or more components.

In this present study, the complexity of the interactions was explained based
on the number of components. If an interaction includes two components, it can be
said that it is simple interaction such as KoL-KoA or KolS-KoA. However, if an
interaction includes three or more components, it can present complex pedagogical
activities or decisions such as KoL-KolS-KoA or KoL-KolS-KoA-KolS-KoA-KolS
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due to the fact that the teacher tried to handle a specific misconception or learning
difficulty.

The demonstration of interactions with mapping approach can be considered
as in a linear process but the linear process shows the sequence of the components.
As it is known that the interaction of PCK components are affected by various
factors or beliefs which might act simultaneously while teaching a specific topic
(Fernandez-Balboa & Stiehl, 1995). When teaching a specific topic, teaching
segments might be affected by characteristics of students, classroom context, and
other knowledge bases, personal emotional factors in terms of both teacher and
students. Therefore, it is impossible to investigate and demonstrate all factors in a
map. In this respect, the study only focused on the teacher’s PCK components, and
the drawing of component in a linear was the best way to demonstrate the complexity
of the interaction among PCK components. To sum up, in order to provide effective
teaching, teacher knowledge and it’s all aspects are utilized in greatly complex in
nature (Park & Oliver, 2008), PCK components act as a whole (Magnusson et al.,
1999), and knowledge bases is not separated (Cochran et al., 1991; Grossman, 1990;
Marks, 1990).

5. 3 Implications and Recommendations

In light of the findings emerged and the issues discussed, the study can
provide researchers focusing on both gifted teacher education and non-gifted teacher
education, pre-and in-service teacher education, curriculum developers, and textbook
writers with valuable implications.

First, for science teacher educators, this study provided an example of how
work and energy, simple machines, and friction force were effectively planned and
practiced by a gifted students’ science teacher. Feedbacks arising from students
during teaching related concepts are also important for science teacher literature
because this study clarified an example of how the students’ learning difficulties,
alternative conceptions and the lack of students’ prior knowledge were handled by
particular techniques. Moreover, the PCK maps show the detailed and complex
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nature of the teacher’s PCK when the participant teacher faced related learning
difficulties. Each of decision making and teaching segments in the PCK maps can
guide the science teacher educators how related science topics are taught for middle
school students.

Second, for the science educators, having strong SMK (Parker & Heywood,
2000) or robust PCK (Gess-Newsome et al., 2017) is not guarantee to provide
effective science learning. In this regard, teachers need to engage in well-designed
professional development programs in order to enhance their knowledge and
experiences in specific topics such as work and energy, simple machines, and friction
force. Science topics have specific characteristics including more abstracts concepts,
learning difficulties, or misconceptions. In this respect, it should not be allowed that
teachers obtain those characteristics by their own experience through trial and error
method, namely, no need to reinvent the wheel. For this reason, this study provides
the science educators with specific teaching and learning experiences in terms of
three physics topics and sub-topics.

Third, for the science educators, in addition to in service teachers, pre-service
teachers also need to engage in professional development programs in order to
enhance their PCK. For well-designed professional development programs, the
results of this study might shape the content of the programs in terms of how work
and energy, simple machines, and friction force topics are taught for middle school
students. In doing so, the study results should be modified and integrated for
professional development program in order to how pre-service teachers enhance their
PCK component such as STO; from didactic to reform based, KoA; from informal to
formal applications, KolS; from topic-specific to subject specific instructional
strategies. Moreover, this study also showed that some abilities such as nature of
science and science process skills were ignored during decision making and teaching
process of teaching specific science topics. Thus, the university courses such as
science methods or teaching experience might be enriched though the integration of
how to present the nature of science and science process skills, how to determine the

students’ learning difficulties, misconceptions, or pre-requirements, and how to
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handle all of them. It is expected that well-designed professional development
programs allow the great impact on the pre-service teachers’ PCK development.

Fourth, for the science educators again, as we know from gifted students’
literature, they need a particular differentiated educational program differed from
regular curriculum materials (Calikoglu & Kahveci, 2015; Gilman, 2008;
Winstanley, 2007). Therefore, the designing of such programs including the
characteristics of gifted students need to have a specific experience in terms of
determining of gifted learners needs, modifying curriculum materials and objectives,
or designing new enrichment curriculum. In this respect, this study might introduce
science teacher educators the effectiveness of enrichment activities including upper
class objectives, materials, or activities. Stated differently, this study is an example
of content based enrichment type including secondary science classes’ contents and
concepts.

Fifth, for curriculum developers and textbook writers, this study investigated
the nature of topic-specific science teacher PCK in terms of work and energy, simple
machines, and friction force. It is clear from the results of this study and science
teacher literature, we know that these topics and sub-topics have abstract and
complex nature (Ahtee & Johnston, 2006; Ginn & Waters, 1995; Johnston & Ahtee,
2006; Loughran et al., 2006), and both teachers and students have some alternative
conception about those topics (Kruger, 1990; Trumper, 1998; Marulcu & Barnett,
2013; Hope & Townsend, 1983). In this regards, the study was able to determine
both students learning difficulties and the teacher pedagogical difficulties, and how
the teacher handled those difficulties by using specific strategies. | believe that the
results of this study can guide the curriculum developers and textbook writers. They
can consider the results of this study including students’ alternative conceptions,
learning difficulties, or pre-requirements through highlighting the students’ needs
and providing alternative strategies to overcome them while they are designing
curriculum materials or textbook.

Finally, this study presents some recommendations about topic-specific
nature of teacher PCK and interaction of PCK components for education research

fields both science teacher education and gifted students education. In this respect,
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this study investigated a science teacher’s PCK and its components interactions while
teaching work and energy, simple machines, and friction force topics. More research
also needs to conduct in similar topics and context because the study has a case study
involving a science teacher, and the results of this study can be supported with future
research. Moreover, other topics in a similar subject should be investigated to
determine the nature of PCK and its components interactions in order to complete the
interaction of PCK puzzle, and to find out the complex and dynamic nature of
interactions.

In addition, this study showed how a science teacher designed particular
enrichment activities for gifted students through modifying regular curriculum. In
addition to this study, there is a great need for gifted students’ education to be
supported by more evidence based research in terms of designing enrichment
activities and determining the effectiveness of students’ performance. It seems
reasonable to suggest that future studies can focus on designing enrichment activities
including more science process skills, nature of science, creative and productive
skills. In the literature, the skills are more ignored part on gifted students’ education.

Lastly, using PCK map approach in this study provides science teacher
education with different point of view about how PCK components are constructed
by the teacher both planning and practicing process while teaching of the related
topics. For the future studies, the PCK map approach should be integrated in PCK
studies through enhancing weakness of this mapping approach. In doing so, PCK
map approach will be developed and provide more strength and quality the results
about the interaction of PCK components over the particular topics. As a conclusion,
science teacher education needs to gain more useful insights in order to practice

those implications.
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APPENDICES

A. CARD-SORTING ACTIVITIES (IN TURKISH)

Ustiin Yetenekli Ogrencilerin Fen Bilimleri Ogretmenleri i¢in Kart Gruplama
Aktivitesi

Is ve Enerji konusu i¢in

1.Kuvvet, is ve enerji arasindaki iliskiyi arastirmanin etkili bir yolu, 6grencilerin
diistinme siirecini ve becerilerini kullanabilecekleri; gozlem yapabilecekleri, veri
toplayabilecekleri, verilerden bir sonuca ulasabilecekleri, sonuglar1 arkadaslariyla
tartisabilecekleri bir sinif ortami hazirlamaktir. (Process)

2. Fiziksel anlamda is kavramini ve birimini anlatmanin etkili bir yolu diiz anlatim
veya tartisma yoluyla power point sunusundan bilgiyi aktarmaktir. (Didactic)

3. Kinetik ve ¢ekim potansiyel enerjisini anlatmanin etkili bir yolu konu ile ilgili
farkli ve zor 6rnekler vererek sorular ¢ozmektir. (Academic Rigor)

4. Glnlik hayatta algiladigimiz i kavrami ile bilim insanlarinin tanimladiklar
fiziksel anlamdaki is kavrami arasindaki farki anlatmanin etkili bir yolu, 6grencilerin
konuyla ilgili 6n bilgilerini ortaya ¢ikaracak sorular sorarak veya kavram haritas1 gibi
aktiviteler kullanarak Ogrencilerdeki yanlis kavramlar1 belirlemek ve sonrasinda
sahip olduklari yanlis kavramlari gidermeye caligmaktir.(Conceptual change)

5. Bir cisme hareket dogrultusuna dik olarak etki eden kuvvetin, fiziksel anlamda is
yapmadigini 6gretmenin etkili bir yolu, 6grencilere konuyla ilgili modeller, gorseller
sunarak veya 6grencilerinde dahil oldugu aktiviteler yaptirarak hareket dogrultusuna
dik ve paralel kuvvet arasindaki farki anlamalarini saglamaktir. (Activity-driven)

6. Kinetik enerjinin siirat ve kiitle ile olan iliskisini O0gretmenin iyi bir yolu,
kiitlelerinin ve stiratlarinin degistirilebilecegi arag-gereglerin kullanildigi, "sabit
stiratte kiitle ile kinetik enerji" ve "sabit kiitlede siirat ve kinetik enerji arasindaki
iliskiyi kesfedebilecekleri bir laboratuvar aktivitesi diizenlemektir. (Discovery)

7. Enerji doniisiimiiniin giinliik yagsamdaki uygulama alanlarin1 6gretebilmenin etkili

bir yolu, &grencilere 3-4 hafta boyunca ¢esitli enerji tirleri ile ilgili bilgi
262



toplayabilecekleri, arastirma yapabilecekleri ve bu bilgileri arkadaslariyla
paylasabilecekleri bir proje hazirlatmaktir. (Project-based science)

8. Fiziksel anlamda yapilan bir isin uygulanan kuvvet ve cismin aldig1 yolla dogru
orantilt oldugunu 6gretmenin etkili bir yolu; 6grencilere “Hangi durumlarda yapilan
isin biiylikliigli arttirilabilir?” sorusu yoneltilerek 6grencilerin arastirma sorusunu
belirleyebildigi, gozlemler yapip, deney diizenekleriyle hipotezlerini test edip veri
toplayabildikleri bir ortam saglamaktir. (Inquiry)

9. Bir cismin ¢ekim potansiyel enerjisini etkileyen faktorleri 6gretmenin etkili bir
yolu; bir cismin agirligt ve yliksekligini farkli durumlarda Ogretmen esliginde
inceleyerek, Ogrencilerden siireci gozlemlemeleri ve sonuglari tartigmalar1 istenir.

(Guided Inquiry)

Basit Makineler konusu icin

1.Basit makineler konusunu ogretmenin etkili bir yolu, 6grencilerin diisiinme
siirecini ve becerilerini  kullanabilecekleri; gbézlem yapabilecekleri, veri
toplayabilecekleri, verilerden bir sonuca ulagabilecekleri, sonuclar1 arkadagslariyla
tartisabilecekleri bir ortam hazirlamaktir. (Process)

2. Ogrencilere Basit makineler konusunu anlatmanin etkili bir yolu diiz anlatim veya
tartisma yoluyla power point sunusundan bilgiyi aktarmaktir. (Didactic)

3. Basit makineler ve 6zellikleri konusunu 6gretmenin etkili bir yolu, konu ile ilgili
farkli ve zor o6rnekler vererek sorular ¢ozmektir. (Academic Rigor)

4. “Bir isi yaparken basit makine kullanmanin enerji tasarrufu saglamayacagini,
sadece i3 yapma kolaylig1 saglayacagini anlatmanin etkili bir yolu, dgrencilerin
kavramlarla ilgili on bilgilerini ortaya ¢ikaracak sorular sorarak veya gorsel
metaryeller (video, model, simulasyon) kullanarak yanlis kavramlari belirlemek ve
sonrasinda sahip olduklari yanls kavramlari gidermeye calismaktir. (Conceptual
change)

5. Egik diizlem konusunu ogretmenin etkili bir yolu Ogrencileri konuyla ilgili
aktivitelere dahil etmektir. Egik diizlem yardimiyla oyuncak bir araci belirli bir

yiikseklige, egimleri farkli olan dort yoldan gidilerek ulagmasi sirasinda kuvvetten
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kazancin yoldan kaybin, yoldan kazancin kuvvetten kaybin yasandigi durumlar test
etmektir. (Activity-driven)

6. Kaldirag kavramini 6gretmenin iyi bir yolu, kaldira¢ modeli olusturularak, destek
noktasinin, kuvvet kolu ve yiik kolunun uzunluklarmin hangi durumlarda kuvvetten
kazang ve yoldan kayip ya da tersi bir durumu kesfedebilecekleri bir laboratuvar
aktivitesi diizenlemektir. (Discovery)

7. “Basit makineler igleri nasil daha kolay hale getirir?” sorusuna cevap bulmanin
etkili bir yolu, Ogrencilere 3-4 hafta boyunca farkli basit makine c¢esitlerini
aragtirarak basit makinelerin ge¢miste ve gilinlimiizde insanlia sundugu yararlarla
ilgili bilgi toplayabilecekleri, arastirma yapabilecekleri ve bu bilgileri arkadaslariyla
paylasabilecekleri bir proje hazirlatmaktir. (Project-based science)

8. “Basit makineler uygulanan kuvveti nasil artirir?”, sorusuna cevap bulmanin etkili
bir yolu, oOgrencilerden cesitli basit makineleri kullanarak ‘“uygulanan giris
kuvvetinden daha biiyiik bir ¢ikis kuvveti elde edilebilecekleriyle” ilgili aragtirma
yapmalari, modeller kurarak hipotezlerini test etmeleri, veri toplamalar1 ve elde
ettikleri sonuglar1 sinifta tartismalarina izin vermektir. (Inquiry)

9. Sabit ve hareketli makaralar arasindaki farkli 6gretmenin etkili bir yolu; kuvvet
yoniinlin degisecegi ve boylece is yapma kolayligi saglayacak farkli durumlar
Ogretmen esliginde inceleyerek, 6grencilerden siireci gbzlemlemeleri ve sonuglar

tartigmalari istenir. (Guided Inquiry)

Enerji ve siirtiinme kuvveti

1.Siirtinme kuvveti konusunu o6gretmenin etkili bir yolu, 6grencilerin diisiinme
sirecini ve becerilerini  kullanabilecekleri; gozlem yapabilecekleri, veri
toplayabilecekleri, verilerden bir sonuca ulasabilecekleri, sonuglar1 arkadaslariyla
tartisabilecekleri bir ortam hazirlamaktir. (Process)

2. Enerji ve siirtlinme kuvveti konusunu anlatmanin etkili bir yolu diiz anlatim veya
tartisma yoluyla power point sunusundan bilgiyi aktarmaktir. (Didactic)

3. Enerji ve siirtinme kuvveti konusunu 6gretmenin etkili bir yolu, konu ile ilgili

farkli ve zor 6rnekler vererek sorular ¢ozmektir. (Academic Rigor)
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4. “Sirtiinme kuvveti ile yiizey iligskisi ve siirtinme kuvveti ile hareket yoni
arasindaki iligskiyi” anlatmanin etkili bir yolu, 6grencilerin kavramlarla ilgili 6n
bilgilerini ortaya ¢ikaracak sorular sorarak veya gorsel materyaller (video, model,
simulasyon) kullanarak yanlis kavramlari belirlemek ve sonrasinda sahip olduklar
yanlig kavramlar1 gidermeye calismaktir. (Conceptual change)

5. Siirtlinme sonucunda enerjideki meydana gelecek doniisiimleri gostermenin etkili
bir yolu 6grencilere konuyla ilgili aktiviteler yaptirmaktir. (Activity-driven)

6. Siirtiinme kuvveti ile yiizey iliskisini 6gretmenin iyi bir yolu, 6grencilerin farklh
yiizeydeki cisimlerin hareketlerinden yola ¢ikarak piiriizlii yiizeylerde siirtiinme
kuvvetinin  fazla oldugunu kesfedebilecekleri bir laboratuvar aktivitesi
diizenlemektir. (Discovery)

7. Ogrencilerin siirtinmenin olumlu ve olumsuz yénlerini 6gretmenin etkili bir yolu,
Ogrencilere 3-4 hafta boyunca gilinliik hayatta kullandigimiz arag geregleri
arastirarak, stirtinme kuvvetine hangi durumlarda ¢ok, hangi durumlarda az ihtiyag
duyulduguyla ilgili bilgi toplayabilecekleri, aragtirma yapabilecekleri ve bu bilgileri
arkadaslariyla paylasabilecekleri bir proje hazirlatmaktir. (Project-based science)

8. “Sirtlinme kuvveti nelere baglidir?”, sorusuna cevap bulmanin etkili bir yolu,
ogrencilerden  farkli yiizeylerde farkli kiitledeki cisimlerin  hareketlerini
inceleyebilme, hipotezlerini test edebilme, veri toplamalari ve elde ettikleri sonuglari

smifta tartigmalarina izin vermektir. (Inquiry)

flk6gretim Fen Bilimleri program amaclar

1.Bir fen bilimleri 6gretmeni olarak iistiin yetenekli 6grencileriniz i¢in yapabilecek
en iy1 sey onlarin liselere giris sinavlarindan yiiksek puan almalarin1 saglamaktir. Bu
amaca ulagsmak i¢in konuyu isledikten sonra miimkiin oldugu kadar liselere giris
smav1 i¢in soru ¢ozersiniz. (Tlrk egitim sisteminin gergegi)

2. Bir fen bilimleri 6gretmeni olarak amaciniz, istiin yetenekli &grencilerinizin
bireysel yeteneklerinin farkinda olmalarint ve kapasitelerini gelistirerek en iist

diizeyde kullanmalarin1 saglamaktir. (Bilsem amaglari)
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3. Ustiin yetenekli dgrencilerin yasam projelerini gerceklestirmek igin uygun olan
konularda, 6grencilerin bilimsel caligma disiplini edinmelerine imkan saglayan
sartlar1, ortam ve firsatlar1 olusturularak, sorunlar ¢6zmeye ya da ihtiyaci
karsilamaya yonelik c¢esitli projeler gergeklestirmelerini saglamaktir. (Bilsem
amaglart)

4. Kuvvet ve hareket konularmi anlatmanin etkili bir yolu, Ogrencilere ilgili
kavramlarin tarihsel gelisimlerinden bahsederek derse giris yapmaktir. (curriculum
goal: history of deveopment of concept)

5. Ustiin yetenekli &grencilerin fen bilimleri ile ilgili alanlarda yeteneklerini
kesfederek ve bu alanlarda egitimlerini siirdiirmelerini saglamanin etkili bir yolu, fen
ve teknoloji alanlarinda calisan insanlarin hayatimizi nasil degistirdiklerinin olumlu
orneklerini konu bazinda 6grencilere sunmaktir. (Bilsem amaglari: affective domain)
6. Kuvvet, i3 ve enerji alaninda yapilan teknolojideki gelismelerin ¢evreye ve
topluma olan etkilerini 6gretmenin etkili bir yolu konu ile ilgili uzman kisilerle
(bilim insani, miihendis, vb) gdriisme/miilakat yapmalarini istemektir. (curriculum

goal: STSE)

Kart gruplama aktivitesi: Goriisme sorulari

Kart gruplama aktivitesine baglamadan 6nce dgretmenlere sorulacak sorular

1. Okulunuzda fen konularinin 6gretilmesi/aktivitelerinin yapilmasinin sebepleri ve
amaglar1 nelerdir?

2. Bahsettiginiz bu amaglari/hedefleri nasil belirlediniz? Bu amaglari/hedefleri
belirlemenize neler yardimcr oldu? (listlin  yetenekli Ogrenciler, ge¢mis
deneyimleriniz, yonetim, vs.)

3. Okulunuzdaki amaglarin/hedeflerin ilkdgretim okullarindaki amaglar/hedeflerden

ayrildig1 noktalar var m1? Varsa nelerdir?

Kart gruplama aktivitesinde 0gretmenlerden kartlar1 3 gruba ayirmalari istenir. 1.

gruptaki kartlar 6gretmenin yaptig1 6gretimi/d6gretim yontemini yansitan, 2. gruptaki
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kartlar 0gretmenin Ogretimini yansitmayan ve 3. gruptaki kartlar ise Ogretmenin
Ogretimini yansitip yansitmadigindan emin olmadig kartlar1 igerir.

Kart gruplama aktivitesi tamamlandiktan sonra asagidaki sorular sorulur.

1. .... nolu kart yaptiginiz 6gretim ile paralel oldugunu diisiiniiyorsunuz. .... nolu kart
fen 6gretiminiz i¢in olan hedeflere/amaglara (daha dnce bahsedilen) ulasmaniza nasil
yardimci olur?

2. Ustiin yetenekli dgrencilere sundugunuz &gretim ile 6gretiminizi yansittiginiz
senaryolar arasinda benzerlik var midir?

3. Birinci gruptaki kartlarin ortak 6zellikleri nelerdir? .... nolu senaryo ile .....nolu
senaryonun farkli yonleri nelerdir / benzer yonleri nelerdir?

4. Kart gruplama aktivitesindeki senaryolar disinda ......... konusunda kullanmak
istediginiz bir yontem var mi1? Varsa nelerdir? Ayrica sOylediginiz bu yontemler
amaglarimiza ulagsmaniza nasil yardimei olacaktir?

5. ... tinitesindeki konular1 normal Ogrencilerle (yetenekli olmayan) islemis
olsaydiniz gruplamada degisiklik yapar miydiniz?

6. ikinci gruptaki kartlar 6gretiminizi neden temsil etmemektedir? Bu kartlarin ortak
ozellikleri nelerdir?

7. Ikinci gruptaki kartlart normal dgrenci grubunun fen 6gretimde kullanir misiniz?

8. Ikinci gruptaki kartlarda ne tiir degisiklikler yaparak {istiin yetenekli dgrencilerin
fen 6gretiminde kullanirsiniz?

9. Ugiincii gruptaki kartlari 6gretiminizi yansitmasindan neden emin olmadimiz? Bu
kartlarin 6gretiminizi yansitmasi ig¢in herhangi bir degisiklik yapilabilir mi?

10. Eklemek istediginiz bagka bir sey var m1?
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B. CONTENT REPRESENTATION (CoRe) (IN TURKISH)

Konuyla ilgili onemli fen
fikirleri/kavramlar

Fikir/ Fikir/ Fikir/
kavram 'A' | kavram 'B' kavram 'C'

Icerik gosterim tablosu
Ogrencilerinize bu fikir/kavram
hakkinda ne Ogretmeyi
diisiiniiyorsunuz?

Ogrencilerinizin bu fikir/kavrami
bilmeleri neden 6nemlidir?

Bu fikir/kavram hakkinda heniiz
ogrencilerinizin Ogrenmesinin
erken oldugunu diisiindiigiiniiz
baska neler biliyorsunuz?

Bu fikir/kavrami Ogretirken
karsilasacaginiz zorluk ve
siirlamalar nelerdir?

Bu fikir/kavrami ogretirken,
ogretiminizi etkileyecek
ogrencilerdeki diisiince ve inaniglar
hakkindaki bilgileriniz nelerdir?

Bu  fikir/kavrami1  &gretmenizi
etkileyecek diger faktorler nelerdir?

Bu fikri/kavrami 6gretirken dgretim
prosediiriiniiz nedir? Ve neden bu
tiir 6gretim yontem ve stratejilerini

sectiniz?
Bu fikir/kavram hakkinda
ogrencilerin anladiklar ve

karistirdiklar1 ~ durumlar1  nasil
belirlersiniz?
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C. INTERVIEW QUESTIONS (IN TURKISH)

Bu goriismenin  amact ogretmenler tarafindan  .............. konusu igin
hazirlanan icerik gosterim tablosunda, arastirmact tarafindan anlasiimayan
noktalarin ya da arastirmacrya ilging/farkli gelen durumlarin agiklanmast igin
yvapilacaktir.

Konuyla ilgili 1. ana fikir/kavram

Icerik goésterim tablosunda 1. Ana fikir/kavram olarak ..... belirlemissiniz?
..... konusu igerisinden neden bu ana fikir/kavrami segtiniz? Bu ders i¢in amaciniz
nedir? Ustiin yetenekli 6grencilerin hangi 6zelliklerini gdz 6niine alarak bu ana
fikir/kavrami belirlediniz?

1. Ustiin yetenekli dgrencilerinize bu fikir/kavram hakkinda neyi dgretmeyi
diisiiniiyorsunuz?

e Bu fikir/kavrami segerken ilkdgretim programindan faydalandiniz mi?
programda ..... konusunda kavramlarin siralanisi nasildir?

e Sizce dUstiin yetenekli Ogrencilerin bu konuyla ilgili &grenmesi
gereken onemli kavramlar/noktalar nelerdir?

e Ustiin yetenekli dgrenciler icin ilkdgretim programi yeterli midir?
Yoksa zenginlestirdiginiz ve hizlandirdiginiz aktiviteleriniz var m?
Varsa bunlara nasil karar veriyorsunuz?

e Sizce {stlin yetenekli Ogrenciler bu anlatilacak fikir/kavrami
kolaylikla anlayabilecekler mi?

2. Bu fikir/kavramin ogretilmesi lstiin yetenekli Ogrenciler i¢in neden
onemlidir?

e Bu fikir/kavram 6grencilere nasil bir katki saglayacak (6grencilerin
zihinsel gelisimi, yeteneklerinin farkina varmasi, var olan
yeteneklerinin gelisimi, giinliik hayatla iligkilendirilmesi)?

e Oprenciler elde ettikleri bilgi ve becerileri nerede ve nasil

kullanacaklar?
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3. Bu fikir/kavram hakkinda heniiz 6grencilerinizin 6grenmesinin erken
oldugunu diisiindiigiiniiz bagka neler biliyorsunuz?

e Konuyla ilgili sinirlamaniz nedir? Neden bu konulart simdilik
Ogrencilere 6gretmeyi uygun bulmuyorsunuz?

e Ustiin yetenekli 6grencilerin olmasi bu sinirlamay1 nasil etkiler?

4. Bu fikir/kavrami Ogretirken karsilasacaginiz zorluk ve simirlamalar
nelerdir?

e Bu fikir/kavram 6gretiminde karsilasacaginiz zorluklar nelerdir?

e Bu fikir/kavram1 &gretirken, 6grenciler i¢in kafa karistiran, anlagilmayan,
kavram yanilgisi veya alternatif kavramlar var m1?

e Anlatilan ileri seviyedeki konular 6grencilerde kavram yanilgisi olusturur
mu? Bunu nasil belirler/6l¢ersiniz? Bu durumu ortadan kaldirmak igin
planladiginiz bir seyler var m1?

5. Bu fikir/kavrami ogretirken, ogretiminizi etkileyecek Ogrencilerdeki
diisiince ve inaniglar hakkindaki bilgileriniz nelerdir?

e Konuyla ilgili 6grenciler hangi 6n bilgilere sahip olmas1 gerekli? On
bilgide farkliliklar olusuyorsa bu 6gretiminizi nasil etkiliyor?

e Ogrencilerin entelektiiel seviyesi (bilim ¢ocuk dergisi, diger dergi ve
kitaplar, 6grencilerin ilgi alanlar1) bu fikir/kavrami 6gretmeyi nasil
etkiliyor?

e Ogrencilerin 6grenme stilleri bu fikir/kavrami &gretmeyi nasil
etkiliyor?

6. Ogretiminizi etkileyecek diger faktdrler nelerdir?

e Bu fikir/kavramin 6gretimini etkileyen diger faktorler nelerdir? Bu
faktorler 6gretiminizi nasil etkilemektedir (olumlu-olumsuz)?

e Bu faktorler fikir/kavram veya konu sec¢iminizi etkiliyor mu? Bu
konuyu secerken ve Ogretirken kendinizi ne kadar Ozgiir

hissediyorsunuz?
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7. Bu fikri/konuyu 6gretirken 6gretim prosediiriiniiz nedir? Ve neden bu tiir
O0gretim yontem ve stratejilerini (analoji, gosteri deneyi, benzetim/simiilasyon, grafik,
giinliik hayattan 6rnekler) sectiniz?

e Bu yoOntem/stratejiyi neden sectiniz? Bu yontemi kullanmaniz
konudan konuya degisir mi?

e Ogretim stratejilerini secerken {istiin yetenekli &grencilerin etkisi
oluyor mu? Cevabiniz evet ise bu etkiyi biraz anlatir misiniz?

e Kullanacagmiz yontem ve stratejilerin etkili olacagini diisiiniiyor
musunuz? Bu diistinceye nasil vardiniz?

8. Ogrencilerin konuyu anlayip anlamadigini nasil 8lgersiniz?

e Ozel bir dlgme degerlendirme teknikleriniz var m? Bu teknikler
konuya veya 0grenciye gore degisiyor mu?

e Ustiin yetenekli Ogrenciler var olmasi o6lgme degerlendirme
yonteminizi etkiliyor mu? Etkiliyorsa agiklar misiniz?

e Ogrenci etkinliklerini degerlendirirken nasil bir yol izliyorsunuz?
Siire¢ temelli mi? Yoksa {iriin temelli mi?

e Ogrenci performanslarini degerlendirirken nelere dikkat ediyorsunuz?

e Ogrencilerde var olan kavram yanilgilarim tespit ediyor musunuz?

Cevabiniz evet ise biraz agiklar misiniz?

Ogretmenlerin ilgili konuyu sunduktan sonra sorulacak miilakat sorular

Icerik gosterimi tablosu ile sunumunuz arasindaki farklar var mi?
Planladiginiz gibi bir sunum oldu mu? Farkli olan noktalar1 agiklayabilir misiniz?

Icerik gdsterimi tablosunun;

Birinci sorusuyla ilgili olarak, sizce anlatmak igin segtiginiz .....
fikir/kavram yerinde oldu mu? Ogrencilerin buna tepkisi nasild1? Hangi noktalar
cikartilmali ya da yeni bilgi/kavram eklenmeli?

ikinci sorusuyla ilgili olarak, konuyu Ogrettikten sonra konunun &nemi
hakkinda diisiincelerinizde degisiklik oldu mu? Eklemek veya ¢ikarmak istediginiz

noktalar nelerdir?
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Uciincii sorusuyla ilgili olarak, konunun sinirlarinda bir degisiklik oldu mu?
Eklemek istediginiz ya da ¢ikarmak istediginiz kavram/bilgi/6rnek oldu mu?

Doérdiincii sorusuyla ilgili olarak, planlariniz disinda 6gretim sirasinda
karsilastiginiz zorluklar ve sinirlamalar oldu mu?

Besinci sorusuyla ilgili olarak, sunum sirasinda karsilagtiginiz ilging bir
durum oldu mu?

Altinc1 sorusuyla ilgili olarak, planlariniz disinda 6gretiminizi etkileyen
diger faktorler nelerdir?

Yedinci sorusuyla ilgili olarak, planladigimiz 6gretim siirecinde degisiklik
oldu mu? Varsa nelerdir? Ve hangi faktorler sizi bu degisikligi yapmaya zorladi?

Icerik  gosterimi  tablosunda ... Yontemi/stratejisini  kullanmayi
planlamistiniz fakat ... yontemi/stratejisini kullandiniz. Bu degisikligi yapmanizin
nedenleri ve buna sebep olan faktorler nelerdir?

Sekizinci sorusuyla ilgili olarak, 6gretim siirecinizi degerlendirdiginizde
basartya ulastiniz m1? Sizce 6gretiminizde eksik olan noktalar var mi1?

Icerik gésterimiyle ilgili sorular tartisildiktan sonra gozlem sirasinda
arastirmactya ilging gelen noktalar ogretmenlerle tartisilir?

..... su konularin/kavramlarin 6gretimi sirasinda ...... ilging bir durum oldu.

Ve siz ..... seklinde davrandiniz? Bu davranigsinizin arkasindaki neden nedir?

Secilen konularin 6gretimi bittikten sonra icerik gosterimi ve sunumlari

arasindaki farklarin 6gretmenler tarafindan degerlendirilmesi

1. ... Y eeeens , V€ i, konular1 arasindaki 6gretiminizde farkliliklar var mi1?
Bu farkliliklar nereden kaynaklanir?

2. Hangi konularin 6gretimi digerlerinden kolaydir veya zordur? Kolay veya zor
olmasinin nedenleri nedir?

3o iy e , V& ..., konular1 ile ilgili olarak, O6gretim programlari,
amaglari, 0gretim yontem ve stratejileri, 68renci bilgisi, ve degerlendirme
hakkindaki bilgilerinizi karsilagtirabilir misiniz?

4, ... y eeeens , V€ il konularin1 6grettikten sonra degerlendirme agisindan

bir faklilik oldu mu? Her bir konuyu nasil degerlendirdiniz?
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Tarih:

Konu:

D. OBSERVATION PROTOCOL (IN TURKISH)

Ders baglamadan 6nce fiziksel ¢cevreyle (sinif ortami, 6grenci sayisi, 6gretim
materyalleri ve diger 6gretimi etkileyebilecek faktorler) ilgili gézlem yapilir.

Gozlemci ders siiresince 0gretmenlerin sahip olduklar1 pedogojik alan bilgisinin alt

bilesenleri hakkinda notlar alacaktir ve ilging noktalar1 6gretmenlerle konusacaktir.

1. Fen 6@retiminin amag ve hedeflerinin bilgisi

Ogretmenin feni 6gretme amaci gozlenir ve ilgili fikir/kavrami 6gretme sekli
incelenir. ilgili konunun amaglar secilirken, gretimi yapilirken (uygulanan
stratejiler), programdaki var olan materyel kullanimi1 ve 6grencilerin
degerlendirmesine kadar gecerli siirecte 6gretmen davraniglar: gozlenir.

2. Ogretim program bilgisi

Ogretmenin ilgili konudaki kavramlari dgretim sirasini belirlemesi ve ders
sirasinda bu siralama yaptig1 degisiklikler gozlenir.

Ogretmen ilgili konuyu ayn1 sinif seviyesinde baska fen konulariyla iliski
kurup kurmadig: ve ilgili konular1 diger disiplinlerle (matematik, tiirkge,
sosyal) iliskilendirip iliskilendirmedigi gozlenir.

Ogretmenin iistiin yetenekli 6grenciler icin zenginlestirdigi programu, ders
stiresince sinifta olanlara dayandirarak planinda bir degisiklik yapip
yapmadig gozlenir.

3. Ogrenci bilgisi

Ogretmen Ogrencilerin konuyla ilgili 6n bilgilerinin ve becerilerinin farkinda
olup olmamasi ve 6grencilerde var olan bireysel farkliliklar ele alip
almamasi gozlenir.

Ogretmenin dgrenciyle olan iliskisi, grencilerin sorularina 6gretmenin
verdigi tepki gozlenir.

Ogrencilerin konuyla ilgili karsilastiklari sorunlar ve bu sorunlarin
¢oziimiinde 6gretmenin etkililigi gézlenir.
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Ogretmen ilgili konuyu dgretirken dgrencilerin siklikla yaptigi hatalari ele
alip almamasi, konuyla ilgili olusabilecek alternativ kavramlar veya kavram
yanilgilarinin farkinda olup olmamasi gozlenir.

Ogretmenin iistiin yetenekli dgrencilerin yeteneklerinden dolay: ders
siiresince karsilastigi olumlu ve olumsuz davranislara (6grencilerin sorduklari
soru diizeyi veya ¢esidi gibi) tepkisi gozlenir.

4. Ol¢me degerlendirme bilgisi

Ogretmen ders siiresince dgrencilerin &n bilgilerini 6l¢iip dlgmemesi gozlenir.

Ogretmenin konuyla ilgili 6grencilerin zorlandig1 noktalar1 veya dgrencilerde
var olan kavram yanilgilarini tespit edip etmemesi gozlenir.

Ilgili konu ve kavramin 6gretildigini degerlendirmek i¢in 6gretmenin ders
stirasinda, ders sonunda ve {inite sonlarinda 6l¢tim yapip yapmamasi gozlenir.

5. Ogretim yontem bilgisi

Ogretmenin ilgili kavarami agiklamak igin kullandig stratejiler (subject-
specific veya topic specific) gozlenir.

Ogretmenin ders sirasinda dgrencilerin zorlandig1 konularda, ilgili kavramin
daha kolay ve iyi 6gretilmesi icin farkli aktivite, etkinlik, model, anoloji,
Odev gibi stratejilerle dersin akisinda bir degisiklik yapip yapmadigi gézlenir?

Ogretmenin iistiin yetenekli dgrenciler igin kullandig1 6zel bir dgretim
stratejisi kullanip kullanmadig gézlenir.
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F. TURKISH SUMMARY/ TURKCE OZET

BiR FEN BILIMLERI OGRETMENININ PEDAGOJIK ALAN
BILGIiSININ KONUYA OZGU DOGASININ iINCELENMESI; USTUN
YETENEKLI OGRENCILERIN OGRETMENININ DURUMU

GIRIS

Fizik konulariin 6grenilmesi ve 6gretilmesi hem dgretmenler agisindan hem
de 6grenciler agisindan zorlu bir siirectir (Ahtee & Johnston, 2006; Hammer, 1996).
Bu nedenle fizik konularinin &gretilmesi i¢in basta alan bilgisi, genel pedagojik
bilgiler, pedagojik alan bilgisi (PAB) gibi bir¢ok bilgi ve uygulamanin es zamanl
uygulanmas1 gereklidir. Bir dersin planlama boliimiinde 6gretilecek kavramla ilgili
once Ogretmenin hedef ve davranislari belirlenir ve sonra ilgili kazanimlar
programdan segilir. Ogrencilerin var olan bilgilerini de ele alarak en uygun 6gretim
stratejileri belirlenir ve degerlendirme siireci insa edilir (Magnusson ve ark., 1999).
Bu kisim sadece bir fen kavraminin 6gretilmesinin planlama asamasidir ve uygula
asamasinda ogrenciler birgok 6grenme zorluklar1 yasarlar. Sonug olarak 6gretmenin
bu zorluklar1 gidermesi icin bir kavramlara ve konulara 6zgii, alan bilgisi ve genel
pedagojik bilgilerin disinda sahip olmasi ve etkili bir sekilde uygulamasi gereken bir
bilgiye “PAB” a ihtiyac1 vardir.

PAB alan bilgisini 6grencilere en uygun sekilde anlatabilmek i¢in kullanilan
en kullanish sunumlar, en gii¢lii analojiler, gosterimler, ornekler ve aciklamalar
oldugu bir sunum seklidir (Shulman, 1986). Ciinkii 6gretmenler belirli bir konunun
anlatilmasinda en uygun sunumlar, gdsterimler, uygulamalar kullanirlar ve bu 6zel
sunumlari, becerileri veya diger pedagojik davraniglar tecriibe ederler (Shulman,
1987). Bu siirecte alan bilgisini uygulamaya ge¢irmede PAB 6nemli bir rol oynar. Bu

yiizden PAB ortaya atildiktan sonra bir¢ok arastirmaci tarafindan kullanilmis ve
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incelenmistir. Ama hala birgok agiklanamayan kisimlari mevcuttur (Abell, 2008;
Loughran ve ark., 2004).

Magnusson ve ark. (1999) PAB icin bir model gelistirdiler ve fen bilimleri
ogretmenlerinin PAB’larinin bu modele gore incelenebilecegini vurguladilar. Bu
modele gore bir dgretmenin PAB’1 konuya 6zgli degismektedir ve bu degisiklik
PAB’mn 5 alt bilesenlerinden kaynaklanmaktadir; bir fen bilimleri 6gretmeninin (1)
fen Ggretimi oryantasyonu, (2) 6gretim programi bilgisi, (3) ogrenci bilgisi, (4)
Ogretim stratejileri bilgisi ve (5) degerlendirme bilgisi.

Bu calismada dstiin yetenekli Ogrencilerin 0gretmenin kuvvet hareket
konularinda PAB kullanimi incelenmistir ve Magnusson ve ark.’nin (1999) PAB
modeli tiim bilesenleri ile bu arastirmada kullanilmistir. Bu ¢alismanin amaci iistiin
yetenekli bir fen bilimleri 6gretmeninin is ve enerji, basit makineler ve siirtiinme
kuvveti konularinda PAB ve PAB’1n tiim bilesenlerini incelemektir. Ikinci amag ise
bu konularda 6gretmenin PAB bilesenlerinin etkilesimini hem planlama ve hem de
uygulama asamasinda incelemektir. Bu amaglar dogrultusunda asagidaki arastirma
sorular1 belirlenmistir.

1. Ustiin yetenekli ogrencilerin fen bilimleri &gretmeninin is ve enerji, basit
makineler ve siirtinme kuvvetini 6gretirken kullandigi PAB’1 nedir?

a. Ustiin yetenekli 6grencilerin fen bilimleri 6gretmeninin is ve enerji, basit
makineler ve siirtinme kuvvetine iligkin kullandigr fen bilimleri
oryantasyonu nedir?

b. Ustiin yetenekli 6grencilerin fen bilimleri dgretmeninin is ve enerji, basit
makineler ve siirtiinme kuvvetine iliskin kullandigi 6gretim programi
bilgisi nedir?

c. Ustiin yetenekli 6grencilerin fen bilimleri dgretmeninin is ve enerji, basit
makineler ve siirtinme kuvvetine iliskin kullandigi 6grenci bilgileri
nedir?

d. Ustiin yetenekli 6grencilerin fen bilimleri 6gretmeninin is ve enerji, basit
makineler ve siirtiinme kuvvetine iligkin kullandigi 6gretim stratejileri

bilgisi nedir?
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e. Ustiin yetenekli 6grencilerin fen bilimleri 6gretmeninin is ve enerji, basit
makineler ve slirtiinme kuvvetine iliskin kullandig1 degerlendirme bilgisi
nedir?

2. Fen bilimleri 6gretmeninin is ve enerji, basit makineler ve siirtinme kuvveti
konularmi 6gretirken kullandig1 PAB bilesenleri nasil etkilesim yapar?

a. Fen bilimleri 6gretmeninin is ve enerji, basit makineler ve siirtlinme
kuvveti konularin1 planlarken kullandigi PAB bilesenleri nasil etkilesim
yapar?

b. Fen bilimleri 6gretmeninin is ve enerji, basit makineler ve siirtiinme
kuvveti konularin1 6gretirken kullandigr PAB bilesenleri nasil etkilesim

yapar?

YONTEM

Calisma Deseni

Bu c¢alismada nitel aragtirma yontemlerinden 6rnek-durum arastirma deseni
kullanilmistir. Durum aragtirma deseni gercek yasam olaylarinin anlamli ve biitiinsel
acidan anlamay1 saglar (Yin, 2009). Durum calismasi ayrica bireylerin karmagsik
davranislar1 arasindaki iliskiyi agiklamada kullanilir. PAB’1in dogas1 geregi 6gretmen
bilgisi ve davraniglari karmasiktir. Bu davraniglarn ortaya ¢ikarmak i¢in ilk elden
verilerin toplanmasi1 ve arastirmacinin fiziksel 6grenme-0gretmen ortamina dahil
olmasi gereklidir. Bu yiizden her bir 6gretmen PAB c¢alismalarinda bir durum
calismas1 olusturabilir (Shulman, 1987). Bu calismada ortaokulda gdrev yapan bir
fen bilimleri 6gretmeni (iistlin yetenekli 6grencilerin 6gretmeni) tekli durum deseni
olarak secilmistir. Katilime1 6gretmenin is ve enerji, basit makineler ve siirtlinme
kuvveti konularinin planlamasi ve 6gretimi durum ¢alismasina dahil edilmistir.

Bu calismaya katilan kadin 6gretmen toplamda ii¢c yillik bir 6gretmenlik
deneyimine sahip olup, bir yil {istiin yetenekli olmayan ortaokul 6grencileri ile ve iki

yil {stlin yetenekli Ogrencilerle Ogretmenlik yapmistir. Fen fakiiltesi fizik
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boliimiinden mezun olan dgretmen, kat1 hal fiziginde yiiksek lisans derecesi almistir
ve ogretmenlik sertifikasi i¢in pedagojik formasyon egitimini tamamlayip 6zel bir
okulda 6gretmenlik yapmaktadir.

Bu calismaya katilan 6gretmen fizik boliimii mezunu oldugu igin i¢ fizik
konusu 7. Smif kuvvet ve hareket tinitesinden “is enerji, basit makineler ve siirtlinme
kuvveti” calismanin amaci dogrultusunda secilmistir. Fen 6gretmen egitimi alan
yazina gore, yeterince giicli alan bilgisi 6gretmenlerin PAB gelisimlerini
desteklemektedir (Abell, 2007; Magnusson ve ark., 1999). Bu yiizden g¢alismaya
katilan &gretmenin alan bilgisini etkili bir sekilde &gretim ortamina yansittigi
varsayilmaktadir.

Arastirmanin yapildig1 okula bakildiginda, calismaya katilan 6gretmen iistiin
yetenekli Ogrencilerin Ogretim gordiigli 6zel bir kolejde ¢aligmaktadir. Okul
ilkogretim ve ortadgretim iistiin yetenekli Ogrencilerden olusmaktadir. Ustiin
yetenekli 6grenciler zeka 6lgegi olan WISC-III 1Q puanina gore (120 ve tizeri puan

iistiin yeteneklilik olarak kabul ediliyor) okula secilip kayit hakki kazanmaktadirlar.

Veri toplama siireci

Fen o6gretmen egitimi alan yazin PAB c¢alismalarinda ¢oklu veri toplama
tekniklerini ve uzun siireli gézlem yapilmasini 6nermektedir (Abell, 2008; Baxter &
Lederman, 1999). Bu ylizden bu calismada c¢oklu wveri toplama teknikleri
kullanilmistir; kart-gruplama aktivitesi, igcerik gdsterim tablosu, miilakatlar ve siif
gozlemleri. Bu ¢aligmaya katilan O0gretmenin fen Ogretimine olan inanglarini ve
oryantasyonunu belirlemek i¢in, ¢alismanin baslangicinda her bir konu 6gretimi
yapilmadan Once Ogretmenle kart-gruplama aktivitesi yapilmistir. Daha sonra
O0gretmenin planlama siirecindeki PAB bilesenlerini belirlemek i¢in ders plani olarak
icerik gosterim tablosu doldurmasi istenmistir. Bu calismada ayrica yari-
yapilandirilmig goriismeler kullanilmis ve bu goriigmeler iki kisimdan olugmaktadir.

Birincisi 6n goriismeler, 6gretmenin planlama siirecinde bilgi ve becerilerini
daha ayrintili 6grenmek ic¢in her bir icerik gdsterim tablosundan sonra yapilmistir.

Icerik gosterim tablosunu doldurmak &gretmenler igin mesakkatli bir siire¢ oldugu
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icin (Loughran ve ark., 2006) ve bazi sorular ¢alismaya katilan 6gretmen tarafindan
istenilen seviyede cevaplandirilmadigi i¢in 6n miilakat yapilmis ve bu eksik boliimler
On goriismeler dogrultusunda tamamlanmustir.

On goriismeler yapildiktan sonra, 6gretmenin planlama ve uygulamadaki
bilgi ve becerilerini karsilagtirmak i¢in Ogretmenin konular1 Ogretme siireci
gozlemlenmistir. Sinif gozlemleri PAB ¢alismalarinda 6nemli yer tutmaktadir ¢linkii
PAB sinif uygulamasinda ortaya ¢ikmaktadir (Gess-Newsome, 2015). Haftalik 3 ders
saati olmak tizere 2 aya yakin 6gretmenin 6gretim performansi gozlemlenmistir. Son
olarak her bir konunun 6gretilmesinden sonra dgretmenin yapmis oldugu G6gretim
sirasinda anlasilmayan durumlari, beklenmedik 6grenci ve dgretmen davranislarini
aci8a kavusturmak i¢in son goriismeler yapilmstir.

Aragtirma sorularmma cevap bulmak icin veri toplama araglari birincil ve
ikincil kaynak olarak ayrilmistir. Ornegin birinci arastirma sorusu ve alt sorular1 ele
alindiginda, 6gretmenin fen 6gretimine karsi oryantasyonunu belirlemek icin kart-
gruplama aktiviteleri ve siif gozlemleri birincil kaynak veri toplama araci olarak ele
alinmigtir. Diger veri toplama araglari ikincil kaynak olarak birincil kaynak verileri
destekler nitelikte kullanilmigtir. Benzer sekilde diger PAB bilesenlerini (program,
strateji, degerlendirme ve 6grenci bilgisi) agiklamak igin igerik gosterim tablosu, 6n-
goriismeler ve sinif gozlemleri birincil veri toplama araclaridir. Diger yandan, son-
goriismeler ikincil veri toplama kaynagi olarak kullamlmistir. Ikinci arastirma
sorusu ele alindiginda, planlama siirecindeki PAB bilesenlerinin etkilesimlerini
belirlemek i¢in 6n-goriismeler birincil kaynak olarak kullanilmis ve igerik gosterim
tablolar1 ikincil kaynak olarak ele alinmistir. Benzer sekilde uygulama siirecindeki
PAB bileseni etkilesimlerinde simif gozlemleri birincil kaynak ve son-goriismeler

ikincil kaynak olarak ele alinmigtir.

Veri analizi siireci

Bu ¢alisma nitel arastirma yontemlerinden birini benimsedigi i¢in ayrintili
analiz yaklasimlarinin kullanilmasiyla analiz birimlerinin karsilastirilmasina dayanan

biitiinciil bir siireci izlemistir (Merriam, 2009; Patton, 2002). Oncelikle veri setlerini
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olusturmak ic¢in toplanan veriler diizenlenmis ve analiz i¢in hazirlanmistir.
Sonrasinda veri kodlama siireci baglamistir. Bu ¢alismada arastirma sorularina cevap
bulabilmek i¢in {i¢ farkli yaklasim kullanilmistir; PAB ortaya c¢ikarmak igin
derinlemesine analiz, igerik analizi ve sabit karsilastirma (constant comparative)
analizi.

Derinlemesine PAB analizi. Toplanan dijital veriler sbézel analiz setleri
haline getirildikten sonra Magnusson ve ark.’nin (1999) PAB modeline gore tiimden
gelim yontemiyle kodlanmustir ¢ilinkii nitel analizler 6ncelikle alan yazindan gelen
kodlarla analize baslar (Patton, 2002). Bu yiizden ag¢ik kodlama yontemiyle tim PAB
bilesenleri ayr1 ayr1 kodlanmistir. Kodlama siirecinde yeni kodlar kesfedilmistir
Ornegin, istiin yetenekli ogrencilerin karakteristik 6zellikleri ve zenginlestirilmis
program. Bu tiir bilgi ve davranislar ise tiimevarim yontemiyle kodlanip ilgili
kategorilere eklenmistir.

Icerik anmalizi. Dogrudan gozlenemeyen insan davranislarinin analizinde
kullanilan bir tekniktir (Fraenkel & Wallen, 2009). Bu analiz tekrar eden kelime veya
kategorilerin sézel veri setinde kesfedilmesinde kullanilir ve kategori sayilarini
azaltarak ¢ikarim yapilmasini kolaylastirir (Patton, 2002). Bu ¢alismada aragtirmanin
ikinci aragtirma sorusuna cevap bulmak ic¢in bu analiz kullanilmistir, yani,
Ogretmenin planlama ve uygulamadaki kullandigit PAB bilesenlerinin etkilesimini
belirmeye yardimci olmustur.

PAB bilesenlerinin etkilesimi bu ¢alismada su sekilde tanimlanmistir; iki ya
da daha fazla bilesenin Ogretmen tarafindan herhangi bir pedagojik bir eylemi
tamamlamak icin kullanilmasidir. Ornegin, 6gretmenin bir PAB bilesenini herhangi
bir 6grencilerin alternatif kavramlarini tespit etmek veya gidermek i¢in kullanmasidir
ya da bir bilesenin 6grencilere kavramsal 6gretimin saglanmasi i¢in kullanilmasidir.
Ornek vermek gerekirse, dgretmen {istiin yetenekli 6grencilerin 6zelliklerini bildigi
icin Ogrenciler icin zenginlestirilmis aktiviteler uygulamak istiyor ve tartisma
yontemiyle ilgili kavramlar kazandirmay1 hedefliyor. Bu 6rnekte STO (fen 6gretimi
oryantasyonu)-KoC (program bilgisi)-KoIS (6gretim strateji bilgisi) etkilesim
igindedir.
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Icerik analizine baslarken alan yazindan gelen kodlar ve kategoriler kullanilir
(Fraenkel & Wallen, 2009). Bu yiizden Park ve Chen (2012) ve Aydin ve ark.’nin
(2015) PAB bilesenlerinin etkilesimleri referans alinarak kodlama islemine
baslanmigtir. Daha sonra yeni etkilesimlerle karsilasilmis ve yeni kategoriler
olugmustur. Planlama siirecinde 21 etkilesim kategorisi ve uygulama stirecinde ise 10
etkilesim kategorisi olugsmustur.

Sabit karsillastirmah analizi. Bu analiz PAB bilesenlerinin etkilesim
haritalarin1 olusturmada kullanilmistir. Tekrar eden dongiisel bir analiz seklidir ve
kodlarla kodlar, kodlar ve kategoriler, kategoriler ile kategoriler, son olarak
kategoriler ve kavramlar karsilastirilarak yeni bir kavram ya da teori ortaya atilir
(Bryant, 2013). Bu ¢alismada elde edilen kodlar kodlarlar, kodlar kategorilerle,
kategoriler ise kategorilerle karsilastirilarak tiimevarim yaklasimiyla PAB etkilesim
haritalar1 olusturulmustur. Bu siire¢ veriler doyuma ulasana kadar yani yeni kategori
ve harita olusmayana kadar devam etmistir.

Her bir harita O6gretmenin ya planlama siirecindeki ya da uygulama
siirecindeki kullandigi PAB bilesenlerini temsil eder. Her bir harita 6gretim
boliimlerinden olusur ve her bir 6gretim boliimii igerisinde bir ya da daha fazla PAB
bileseninin etkilesimini igerir. Bir 6gretim bolimii olusturulurken benzer etkilesimi
baslatan bilesen ayni Ogretim bdliimiine eklenir. Bu ydntem haritalarin hem
okunmasini hem de daha fazla yer kaplamayip ekonomik alan kullanimini saglar.
Ogretim boliimleri icerisindeki numaralar ise etkilesim sirasini gdstermektedir. Genis
bilesenler her bir 6gretim bdliimlerindeki bir etkilesimi baslatan bileseni gosterir. Her
bir etkilesimi baglatan genis bilesenler arasinda ise (bliylik oklar) herhangi bir
pedagojik davranis veya iliskiyi gostermemektedir. Sadece etkilesimin akis yoniinii
ve sirasmi  gostermektedir. Sonug¢ olarak bu sekilde etkilesim haritalar
olusturulmustur.

Alan yazin incelendiginde farkli bir etkilesim haritala yontemi
kullanilmaktadir. Besgen model (pentagon model) Park ve Chen (2012) tarafindan
gelistirilen modele gore her bir PAB bileseni esit bir sekilde etkilesime girebilecegi
varsayllmaktadir. Besgen model olusturulurken o©nce etkilesim kategorileri

olusturulur ve 6gretim boliimleri veya pargalar1 olusturulur. Her bir bolim veya
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Ogretim parcast ele alinan konunun zorluk ve karisiklik diizeyine gore farkli
etkilesimler icerir. Bu modelde iki bilesen arasindaki etkilesimler incelenir ve
etkilesim sayilar1 hesaplanarak model olusturulur. Eger bir haritada etkilesim sayilari
ve ¢esitleri farkli ise diger haritalardan, ilgili konunun anlatilmasi ve &gretilmesi
zordur denilebilir.

Bu calismada Park ve Chen (2012) etkilesim kategorileri kullanilmis ancak
besgen model arastirmanin temel gosterim sekli olarak benimsenmemistir ama PAB
bilesimlerinin etkilesim sayisinin daha iyi anlasilmasi i¢in besgen model her bir konu
icin hazirlanmigtir. Aragtirmac tarafindan gelistirilen model ise verilerin gdsterimi
ve yorumlamasinda temel alinmistir. Besgen modelin neden yorumlama kisminda
kullanilmadiginin birka¢ sebebi var. Besgen model bu calisma verilerini agiklamada
yeterli degildir ¢iinkii besgen model sadece etkilesimlerin sayilarin1 gostermektedir
ya da etkilesimlerin zayif ve giiclii yonlerini gostermektedir. Diger bir zayif yonii
besgen modelin ise besgen model sadece ikili etkilesimleri gostermektedir. Ancak
arastirmaci tarafindan gelistirilen modelde ise ti¢lii, dortlii ve daha fazla etkilesimleri
gostermektedir. Diger bir sinirlilik ise besgen model biitiin konularin toplam1 olarak
son bir 0zet sunmaktadir. Ancak arastirmacinin modelinde ise her bir konunun
baslangicindan sonunda kadar ki 6gretmenin hem planlama hem de uygulama
stirecindeki bilgi ve becerilerini temsil etmektedir. Son olarak, aragtirmaci tarafindan
gelistirilen modelde ayn1 PAB bilesenler arasindaki etkilesimlerde gosterilmektedir.
Ornegin KoL-KoL etkilesimi iistiin yetenekli o&grencilerde var olan kavram
yanilgisinin giderilmesi zordur” anlamina gelir. Ya da iistiin yetenekli 6grencilerin
ozelliklerinden dolay1 zenginlestirilmis etkinliklere ihtiya¢ duyarlar. Buna benzer

etkilesimler besgen modelde gosterilmemektedir.

SONUCLAR VE TARTISMA

Arastirma sorular1 dogrultusunda ¢alismanin bulgulart su siraya gore

aciklanmistir; Ogretmenin fen Ogretimine karst oryantasyonu, Ogretim program
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bilgisi, 6grenci bilgisi, 6gretim stratejisi bilgisi ve degerlendirme bilgisi. Daha sonra

o0gretmenin kullandig1 PAB bilesenlerinin etkilesimlerinin bulgular1 agiklanmustir.

Fen 6gretimi oryantasyonu

Bu bilesen {i¢ alt-baslik altinda incelenecektir; 6gretmenin fen 6gretimi amag
ve hedeflerine karsi inanglar1, 6gretmenin fen 6gretime karsi inanglar1 ve son olarak
O0gretmenin bilimin dogasina kars1 inanglari.

Ik alt bilesene bakildiginda, gretmen belirli amag¢ ve hedeflere sahip,
ornegin kavramsal Ogretim yapmak, okul amag¢ ve hedefleri, istiin yetenekli
ogrenciler igin ayr1 hedefler gibi ¢oklu amag ve hedefler sergilenmektedir. Katilimci
Ogretmen i¢in kavramsal 0gretim ilk amaclar arasinda yer alir ve kavramlar1 Milli
Egitim Bakanliginca (2006) sunulan ilkogretim programindan takip etmektedir. Bu
tiir kavram 6gretimi genellikle 6gretmenler tarafindan benimsenen bir amagtir (Ahtee
& Johnston, 2006). Ayrica, katilimci 6gretmen dgrencilerini liselere hazirlik sinavina
hazirlamak gibi birincil bir hedefi yoktur ¢iinkii 6grenciler arasinda farkli alanlarda
yetenekli {istiin yetenekli 6grenci bulunmaktadir. Ogretmenin benimsedigi diger bir
amag ise ogrencilerin fen bilimlerine karsi olan ilgisini artirmak. Bunu yaparak hem
ogrencilerin 6zel yeteneklerini kesfetmeye calisiyor hem de bu 6zel yetenekleri
gelistirmeyi hedeflemektedir. Alan yazin incelendiginde {iistiin yetenekli 6grenciler
normal Ogretim programimin yaninda farklilastirilmis egitim firsatlaria ihtiyag
duymaktadir (Bangel ve ark., 2010; Croft, 2003; Calikoglu & Kahveci, 2015). Buna
paralel olarak katilimcr 6gretmen iistiin yetenekli 6grencileri i¢in zenginlestirilmis
aktiviteler sunmay1 hedeflemektedir. Sonug olarak 6gretmen bu alt bilesen hakkinda
¢oklu amag ve hedefler sergilemektedir.

Ikinci alt bilesen olan ogretmenin fen &gretimine karsi inanglaria
bakildiginda kart-gruplama aktiviteleri, ders planlar1 ve simif gozlemleri analiz
edilerek sonuca ulagilmigtir. Kart gruplama aktiviteleri sonucuna gore, dgretmen
O0grenci merkezli fen Ogretim oryantasyonuna sahiptir Ornegin, arastirma-
sorgulamaya dayali O6gretim, kesfetme, kavramsal de8isim, ya da bilimsel siire¢

becerileri kazandirma gibi. Fakat simif gozlemleri incelendiginde O6gretmenin
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geleneksel 6gretim yontemlerini kullandigi goriilmiistiir. Yani, 6gretmenin inanglari
ve uygulamasi arasinda bir uyusmazlik mevcuttur. Bu durum fen bilimleri
Ogretmenleri arasinda genellikle yaygindir (Abell, 2007; Aydin ve ark., 2014;
Campbell ve ark., 2017). Ciinkli 6grenci merkezli uygulamalarin yapilamamasinin
bir ¢cok nedeni vardir 6rnegin smav temelli 6gretim (Aydmn ve ark., 2014), yogun
Ogretim programi (Samuelowicz & Bain, 1992), aktiviteleri planlama ve uygulama
i¢in yeterli zamanin olmamasi (Friedrichsen & Dana, 2005). Bu agidan bakildiginda
katilime1 6gretmen yeterli zamana sahip olmadigr i¢in gerekli uygulamalari planlayip
Ogrencilerine sunamamaktadir. Ancak, katilimci 6gretmenin fen 6gretimine karsi
oryantasyonu igin tek bir oryantasyona (6gretmen merkezci-geleneksel) sahiptir
diyemeyiz c¢iinkii 6gretmen bir den fazla fen 6gretimi oryantasyonuna sahiptir. Sinif
gbzlemleri sirasinda 6gretmen 2 ayri tiimevarim laboratuvar uygulamasi yaptirdi ve
ogrencileri ilgili kavramlar1 kesfedebildiler. Bir de Ogrencilerin iistiin yetenekli
olmalarindan dolayr geleneksel diiz anlatim yontemi 6grenciler tarafindan sekillenip
Ogrenci merkezli bir yapiya blirlinmektedir. Ciinkii 6grenciler Ogretmenin her
anlattig1 kavrami ve agikladigi olaylart sorguladiklari i¢in tartisma ortami yaratiliyor
ve 0grenciler anlatilan her ifadeyi kolay kolay kabul etmiyorlar. Bu yiizden 6gretmen
daha somut ve aciklayici 6rnekler sunmak zorunda kaliyor. Bu bazen gosteri, analoji,
model kullanma gibi stratejilerle 6gretmenin diiz anlatimin1 zenginlestiriyor. Yani
iistlin yetenekli ogrenciler 6gretmenin geleneksel oryantasyonunu az ya da cok
reform temelli oryantasyona tasiyorlar.

Ucgiincii alt bilesen olan dgretmenin bilimin dogasina karsi olan inanglaria
baktigimizda herhangi bir 6gretim hem planlamada hem de uygulamada karsimiza
¢ikmamistir. Bu durum maalesef 6gretmenler arasinda yaygin bir sonugtur (Aydin ve
ark., 2014; Boesdorfer & Lorsbach, 2014; Demirdégen, 2016; Ekiz Kiran, 2016;
Schneider & Plasman, 2011).

Ozet olarak, katilimcr dgretmen kanisik ve disiplin &zellikli (konuya 6zgii
olmayan) bir oryantasyona sahiptir. Bu bulgu alan yazindaki arastirmalarla da
ortiismektedir (6rn., Abell, 2007; Aydin ve ark., 2014; Friedrichsen & Dana, 2005).
Bir diger onemli bulgu ise 6gretmenin oryantasyonu okulun 6zelliginden yani {istiin

yetenekli ogrencilerin olmasidan etkilenmektedir. Ogretmen genel amag ve
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hedeflerin yaninda iistiin yetenekli 6grenciler i¢in ek olarak hedefler belirlemektedir,
ornegin istlin yetenekli 6grencilerin yeteneklerinin belirlenmesi ve bu yeteneklerin
uygun aktiviteler yardimiyla gelistirilmesi gibi. Ayrica istiin yetenekli 6grenciler
Ogretmenin 6gretim oryantasyonunu da sekillendirmektedir. Normalde 6gretmen diiz
anlatim uygulayarak ilgili kavram ve konular1 6gretmeyi hedeflerken, 6grenciler ders
sirasinda daha aktif hale gelerek 6grenci merkezli 6gretim ortamini saglamaktadirlar.
Ciinkii iistiin yetenekli Ogrenciler i¢in klasik 6gretim stratejileri yeterli degildir
(Winstanley, 2007). Bu bulgu Park ve Oliver (2008) calismasindaki bulgularla
paraleldir. Diger yandan, alan yazininda belirttigi gibi (Boesdorfer & Lorsbach,
2014; Grossman, 1990; Magnusson ve ark., 1999) Ogretmenin fen Ogretimi

oryantasyonu diger PAB bilesenlerini etkilemektedir.

Ogretim program bilgisi

Ogretmenin birincil amaci dgrencilerine kavramsal 6gretimi saglamak oldugu
icin katilime1 6gretmen ilkdgretim ve ortadgretim programlarina bagli kalarak onlar
etkili bir sekilde kullanmaktadir. Aslinda 6gretim programinin siki siki takip
edilmesiyle yapilan planlama ve uygulamalar meslege yeni baslayan 6gretmenlerden
beklenen bir davranistir (Schneider & Plasman, 2011). Ancak katilimc1 6gretmen
gerek ilkdgretim programindaki kavramlarin yerlerini degistirerek gerekse orta
O0gretim programindan zenginlestirilmis aktiviteler planlamasi 6gretim programini
etkili bir sekilde kullanabildiginin birer kanitidir. Genellikle 6gretmenlerin program
bilgilerini artirmak icin 06zel egitim programlari, sertifika programlari
diizenlenmektedir (Friedrichsen ve ark., 2009). Ancak bu calismaya katilan 6gretmen
herhangi bir egitim programina katilmamistir ama MEB (2006) 6gretim programi
O0gretmenler i¢in zengin bir rehber niteligindedir ¢iinkii icerisinde ilgili kavram ve
konularin kazanimlari, aktiviteleri, sinirliliklari, 6grencilerde bulunabilecek alternatif
kavram yanilgilari, 6gretim metot ve degerlendirme stratejileri bulunmaktadir. Bu
baglamda katilimci 6gretmen etkili bir sekilde fen kavramlar1 arasinda hem dikey
hem de yatay program iliskilerini kurabilmektedir. Bu bulgu Aydin ve ark. (2014)

calismasinin bulgulari tarafindan desteklenmektedir.
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Bu ¢aligmadaki dgretmenin program bilgisi konu temelli bir yapiya sahiptir.
Aydin ve ark.’nin (2014) ¢alismasi bu bulguyu desteklerken alan yazindaki diger
caligmalar 0gretim program bilgisinin disiplin temelli ya da ozellikli bir yapida
oldugunu agiklar (Gess-Newsome, 2015; Shulman, 1986).

Bir diger 6nemli program bilgisi ise zenginlestirilmis programdir ¢iinkd {istiin
yetenekli Ogrenciler zenginlestirilmis Ogretim materyallerine ihtiya¢c duyarlar
(Calikoglu & Kahveci, 2015; Gilman, 2008). Bu ¢alismada 6gretmenin birincil amaci
Ogretim programindaki 7. Smif kavramlarin O6gretimini saglamaktir. Ancak
Ogrencilerin iistiin yetenekli olmasindan dolay1, 6grenciler ilgili konu kavramlari kisa
sirede 6grenmektedir ve geri kalan zaman diliminde Ogretmen zenginlestirilmis
aktiviteler sunmaktadir. Bu aktivitelerin planlanmasi ve uygulanmasi bir bilgi tiirii
olarak bu ¢alismada ele alinmistir. Zenginlestirilmis aktiviteler ileri ve detay diizeyde
konu ve uygulamalari igeren aktivitelerdir (Freeman, 1998; Kim, 2016; Thomson,
2006). Bu baglamda, katilimci ogretmen ilgili kavramlarin zenginlestirilmis
aktivitelerini hazirlamak i¢in ortadgretim programini kullanarak ileri diizey kavram
ve uygulamalar1 6grencilere zenginlestirilmis aktivite olarak sunmaktadir.

Alan yazin incelendiginde {istiin yetenekli ogrenciler igin ileri ve detay
bilgiye ihtiya¢ oldugu vurgulanir (Calikoglu & Kahveci, 2015; Newman & Hubner,
2012; Shaughnessy & Sak, 2015). Ancak 6grencilere sadece bilgi temelli icerigin
sunulmasi da elestirilir ve istiin yetenekli dgrencilere bilgi ile birlikte beceri de
kazanacaklari uygulamalar gereklidir (Renzulli, 2012), 6rnegin bilimsel siireg
becerileri (Calikoglu & Kahveci, 2015), bilimin dogas1 (Gilbert & Newberry, 2007),
kritik ve yaratict diigiinme becerileri ile 21. Yiizyil becerileri (Kaplan, 2012), ve
ogrencilerin fen bilimlerine kars1 motivasyonlarini artirmak (Calikoglu & Kahveci,
2015; Newman & Hubner, 2012) gibi becerilerin kazandirilmasi gereklidir. Bu
acidan Ogretmenin zenginlestirilmis program bilgisi incelendiginde o6grencilerine
bilginin yaninda yukaridaki becerileri de kazandirabilecegi uygulamalar gelistirmesi

gerekmektedir.
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Ogrenci bilgisi

Bu bilesen dort alt bilesenden olusmaktadir; (1) iistiin yetenekli 6grencilerin
ozellikleri bilgisi, (2) konunun &grenilmesi i¢in gerekli bilgiler, (3) &grencilerin
zorlandiklari alanlar bilgisi ve (4) 6grencilerin alternatif kavramlar bilgisi.

Ustiin yetenekli grencilerin 6zellikleri bilgisi. Bu boliim 6gretmenin iistiin
yetenekli 6grencilerin 6zellikleri hakkindaki fikirlerini icermektedir. Bu ¢alismada
istiin yetenekli 6grenciler asagidaki o6zellikleri simif ortamina yansitmistir. (1)
ogrenciler yeni kavramlar1 6grenirken 0gretmenin yaptig1 agiklamalar1 kolay kolay
kabul etmemektedir, (2) Ogrenciler ders sirasinda Ogretmen veya arkadaglari ile
tartisma ortami olusturma egilimindedirler ve buda zaman kaybina yol agmaktadir.
(3) Ogrenciler zor ve ilging sorular sorma egilimindedirler. (4) Ogrenciler smf
ortaminda yapilamayacak hedef ve davramslar sergilemektedirler. (5) Ogrenciler
merakli ve sorgulayici 6zelliklerinden dolay1 zenginlestirilmis aktiviteleri daha da
ileri diizeye tasimaktadirlar ve 6gretmen bu daha da ileri diizey bilgileri 6grencilerine
aciklamak zorunda kalmaktadir. (6) Ogrenciler ilgili konu ve kavramlari hizli ve
kolay 6grenmektedirler. Bu yukarida gozlenen 6grenci ozellikleri alan yazinda da
karsimiza ¢ikmaktadir. Kolay kolay yeni bilgileri kabul etmeme (Stott & Hobden,
2016), zor ve ilging sorular sorma (Miller, 2009; Park & Oliver, 2009),
zenginlestirilmis aktiviteleri irdeleme ve daha ileri diizey bilgilere ulasma (Laine,
Kuusisto, & Tirri, 2016; Stott & Hobden, 2016), hizli ve kolay 6grenme (Gilman,
2008; Joffe, 2001; Laine vd., 2016; Manning, 2006; Miller, 2009; Park & Oliver,
2009; Taber, 2007).

Konunun o6grenilmesi igin gerekli bilgiler. Ogrencilerin anlamli
ogrenmelerini saglamak adina 6n bilgilerinin ve becerilerinin tam olmasi gerekir.
Etkili ve basarili bir fen bilimleri 6gretmeninin ise bu gereksinimleri iyi analiz edip
bilmesi gerekir (Magnusson ve ark., 1999). Kavramsal 6gretimi saglamak adina
caligmaya katilan 6gretmen 6grencilerinin bu 6n bilgileri hakkinda bilgi sahibi. PAB
bilesenlerinden birisi olan Ogretim programi bilgisi 6gretmene bu noktada g¢ok
kolaylik sagliyor ve Ogretmen O&grencilerin bilmesi gereken 6n bilgilerini

degerlendirebiliyor. Ornegin is ve enerji konusunu anlaml bir sekilde 6gretebilmek
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icin Ogrencilerin su kavramlart biliyor olmas1 gerekir; kuvvet, net kuvvet, bileske
kuvvet ve is. Bu tiir 6n bilgilerin siras1 kavram 6gretiminde énemlidir 6rnegin basit
makineler kavraminin Ogretimi ondan sonra Ogretilecek olan kavramlarin
ogretiminde 6nemli rol oynar (Marulcu & Barbett, 2013).

Bu 6n gereksinimler 6gretmen tarafindan ders planda bahsedildi ancak sinif
gdzlemi ve dgretmenin sunumu sirasinda bazi én gereksinimler kesfedildi. Ornegin
kiitle ve yercekimi arasindaki farki bilmek, kuvvet ve yer¢ekiminin birimlerini
bilmek gibi ya da dinamometre kullanabilme becerisi gibi 6grencilerde bilmeleri
gereken eksik bilgilere rastlanmistir. Bu eksik bilgiler ise ilgili konularin 6gretimi
sirasinda 6grenme zorlugu olusturmustur. Ayrica 6gretmenin sundugu zenginlestirme
aktivitelerinin igeriginde matematiksel islemler mevcuttur ve bazi Ogrenciler bu
islemleri yapmakta zorlanmaktadir.

Ogrencilerin zorlandiklar1 alanlar bilgisi. Fen kavramlar1 soyut ve karigik bir
ozellik gosterdigi icin bu kavramlarin 6gretilmesi zordur (Ginn & Waters, 1995;
Loughran ve ark., 2006). Ozellikle fizik konular1 diger disiplinlere gére dgretmenler
tarafindan bu konularin 6gretilmesinin daha zor olduguna inanilir (Ahtee & Johnston,
2006; Johnston & Ahtee, 2006). Bu baglamda katilimc1 6gretmende alan yazinla ayni
fikirdedir ve sinif sunumlar1 sirasinda hem Ogrenciler bircok 6grenme zorluguyla
karsilagmis hem de 6gretmen 6gretme zorluklariyla karsilagmistir.

Bu ogrenme zorluklari genellikle iki kaynaktan gelmektedir birincisi
ogrencilerin On bilgilerindeki eksiklik ve ikinci kaynak Ogrenme zorlugu ise
O0gretmenin sundugu ileri diizey zenginlestirilmis aktiviteler. Eger 6grencilerde 6n
bilgi eksigi var ise Ogretmen bu eksiklikleri gidermeden hedeflenen davranislari
kazandiramamaktadir. Bu ylizden 6gretmen eksik bilgileri en kisa yoldan diiz anlatim
yontemiyle agiklamaya ¢alismakta ve Ogrenciler tarafindan yeni yeni ilging ve zor
sorulara maruz kalmaktadir. Bu zor ve ilging sorular benzer sekilde zenginlestirme
aktiviteleri uygulanirken de 6grenciler tarafindan gelmektedir. Cilinkii 6grencilerden
bazilar ileri konular1 ya anlamamakta ya da ilgili becerilere sahip olmamaktadir.
Ornegin bileske kuvvetin yaptign is, ya da icler dislar carpimi gerektiren
matematiksel denklemler Ogrenciler tarafindan yapilamamaktadir. Bu tiir

uygulamalar 6grenciler i¢in 6grenme zorlugu yaratmaktadir.
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Ogrencilerin alternatif kavramlar bilgisi. Alan yazin incelendiginde hem
ogretmenlerde hem de 6grencilerde birgok fizik konularinda kavram yanilgilarinin
oldugu gériiliir. Ornegin is enerji konusunda (Avci, Kara, & Karaca, 2012; Coban,
Aktamis, & Ergin, 2007; Kruger, 1990; Trumper, 1998; Yiiriimezoglu, Ayaz, &
Cokelez, 2009), basit makineler (Marulcu & Barnett, 2013) ve siirtiinme kuvveti ve
enerji (Atasoy & Akdeniz, 2007; Hanger, 2007; Hope & Townsend, 1983; Kaplan,
Yilmazlar, & Corapcigil, 2014). Alternatif kavramlar ise O6grencilerin kavramlar
hakkindaki dogru olmayan diisiince ve inamiglarindan olusur. Bu c¢alismada
Ogretmenin Ogrencilerde bulunan olast alternatif kavram bilgisi iki grupta
incelenmistir. Birinci grup bilgi 6gretmenin farkinda oldugu yani bildigi alternatif
kavramlar veya kavram yanilgilari. Ornegin “is giinliik hayatta yapilan seylerdir”,
“hiz ve siirat ayn1 kavramlardir” ve “makineler elektronik arac-gerecler igerir”. Diger
grup ise 0gretmenin farkinda olmadig1 ve ders plani ve 6n goriismelerde belirtmeyip
ders gdzlem sirasinda karsilasilan alternatif kavramlardir. Ornegin “hizli bir arag
yavas aractan daha fazla kinetik enerjiye sahiptir”, “daha yliksekteki bir nesne

2% ¢¢

digerine gore daha fazla potansiyel enerjiye sahiptir”, “enerji kinetikten potansiyele

99 ¢

dogru gegerken kaybolur”. “merdivenler egik diizlem degildir”, “kiitle ve agirlik ayni
sey degildir”’, “mekanik avantaj ig ve enerjiden elde edilir” ve “siirtinme kuvveti
daima harekete ters yondedir” seklinde Ogrenciler bir¢ok alternatif kavramlara
sahiptir. Bu alternatif kavramlar birgok 6grenme zorlugu olusturmustur.

Ogretmenin farkinda olmadigi kategorideki alternatif kavramlar diger
gruptaki kavramlara gore daha fazla oldugu i¢in Ogretmenin bu alt bilesen
hakkindaki bilgisinin zayif oldugu ¢ikarimina varabiliriz. Ancak ilgili konularin
Ogretimi sirasinda Ogretmen bircok alternatif kavramla karsilasmis ve bunlari
giderme yoluna gitmistir. Bu yilizden O6gretmenin bu alt bilesen hakkinda PAB’1
gelismigstir diyebiliriz ¢linkii PAB gelisiminde birincil kaynak 6grencilerin alternatif

kavramlar1 ve bu kavramlar1 gidermek i¢in gosterilen ¢abadir (Park & Oliver, 2008).
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Ogretim strateji bilgisi

Bu PAB bileseni iki alt boyutta incelenir konuya 6zlii 6gretim stratejileri ve
alana Ozgii (disiplin temelli) Ogretim stratejileri. Arastirma-sorgulamaya dayali
Ogretim, SE yontemi, kavram degisimi gibi alana 6zgii stratejiler bu c¢alismada ne
planlama agamasinda nede uygulama asamasinda 6gretmen tarafindan ele alinmustir.
Bu durum Tirkiye’deki ¢alismalarda sik¢a karsilasilan bir durumdur (Akin,2017;
Aydin, 2012; Ekiz Kiran, 2016).

Is ve enerji konusunda, konuya 6zgii stratejilere baktigimizda dgretmen derse
soru cevap teknigini kullanarak bagliyor ve 6grencilerin 6n bilgilerini kontrol ediyor
ya da alternatif kavramlarini tespit etmeye calisiyor. Eger 6gretmen herhangi bir
eksik bilgi ya da alternatif kavramla karsilasirsa klasik sunum tekniklerini kullanarak
eksiklikleri gidermeye calistyor. Ciinkii 6gretmen sinirli bir zamanda beklenmedik
bir durumu diizeltmenin en kolay yolunun diiz anlatim olduguna inaniyor. Ogretmen
daha sonra hedeflenen kazanimlar1 6gretmek i¢in PowerPoint sunumlari ile gorseller
sunuyor, gosteri deneyleri yapiyor, ya da modeller kullanilarak klasik 6gretim
stratejileri zenginlestiriliyor. Bu stratejilerin kullanimi alt konular arasinda degisiklik
gostermektedir. Alan yazinda da 6grencilerden gelen geri bildirimler dogrultusunda
ogretmenler sunum stratejilerini yeniden yapilandirmaktadir (Lee & Luft, 2008).

Bu calismada diiz anlatim yontemi genel kullanimindan farklilasiyor ¢iinkii
istiin yetenekli ogrenciler Ozelliklerinden dolayr derslerde aktif role oynayarak
ogrenci merkezli bir ortam olusturuyorlar. Alan yazin ise bu durumu
desteklemektedir (Miller, 2009; Newman & Huber, 2012; Park & Oliver, 2009)
istlin yetenekli 6grenciler tartigma ortami yarattiklar: i¢in aktif 6grencilerdir ve diiz
anlatimdan sikilirlar (Samardzija & Peterson, 2015).

Katilimc1 6gretmen ilgili yeni kavramlar 6grettikten sonra 6grencilere 6nemli
boliimler hakkinda not aldiriyor ve sonrada degerlendirme kismi ile ders
tamamlantyor.

Basit makineler ve siirtinme kuvveti konularinin 6gretimi sirasinda ise
yukarida anlatilan konuya 06zgli Ogretim stratejileri genel anlamda benzerlik

gosteriyor. Sadece tiimevarim laboratuvar uygulamasi hem basit makineler
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konusunda, kaldiraglart anlatirken uygulaniyor hem de siirtinme kuvvetinde
uygulantyor. Ogrenci merkezli bir uygulama ile 6grenciler hedeflenen kavramlari
kesfedebildiler. Farkli olarak basit makineler konusunda makaralar, palangalar ve
kaldiraglar hakkinda 6gretmen ileri diizeyde karmasik problemler sundu ve disli-
carklarin 6gretimi sirasinda ise model kullanmistir. Ayrica 6gretmen kaldiraclar ile

cikrik arasinda analoji kurularak ¢ikrik konusu daha etkili anlatmastir.

Degerlendirme bilgisi

Bu g¢alismada oOgretmen degerlendirme olarak dersin baslangicinda
Ogrencilerinin 6n bilgilerini kontrol etmek, alternatif kavramlarini tespit etmek veya
eksik bilgilerini belirlemek amaciyla soru cevap yontemi ile informal bir
degerlendirme yapmaktadir. Ders siiresince her bir 6grencisini yakindan takip ederek
onlarin kavramsal 6gretim performanslarini kontrol altina almaktadir. Yani her bir
Ogrenciyle bireysel ilgilenmektedir ancak bu degerlendirme tiirii ise gozlem yoluyla
yapildig1 i¢in yine informal bir degerlendirme yaklasimi benimsenmistir. Dersin
sonunda ise Ogretmen oOgrencilerin konu hakkinda neler 6grendiklerini ¢oktan
secmeli testler, agik uclu sorularla degerlendirmistir. Ogretmen bu degerlendirme
bilgi ve becerilerini tiim konular boyunca kullandig1 i¢in 6gretmenin degerlendirme
bilgisini alana 6zgili (disiplin temelli ya da 6zellikte) diyebiliriz. Alan yazinda bu
dogrultuda PAB’1n degerlendirme bilgisi bilesenini alana 6zgii olarak ele almaktadir

(Aydm ve ark., 2014; Gess-Newsome, 2015; Uner, 2016).

PAB bilesenlerinin etkilesimleri sonu¢ ve tartismasi

Bu boliimde 6gretmenin kullanmis oldugu PAB bilesenlerinin etkilesimleri
hem planlama agsamasinda hem de uygulama asamasinda dnce 6zetlenerek sonra da
alan yazinla tartigilarak agiklanmistir.

Planlama asamasindaki etkilesimlere bakildiginda {i¢ bilesen STO (fen
oryantasyonu), KoC (program bilgisi) ve KoL (6grenci bilgisi) etkilesimleri baglatan
bilesenler olarak karsimiza g¢ikmaktadir. Dersin baslangi¢ kisminda STO bileseni
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etkin rol oynamaktadir ¢iinkii 6gretmen hedef ve amaglarini belirtmektedir. Daha
sonraki sliregte zenginlestirilmis aktivitelerin planlanmasi yapildigr i¢in KoC
Ogretmen tarafindan kullanilmaktadir. Son olarak 6gretmen G6grencilerde var olan
alternatif kavramlar {lizerine odaklanmis ve bunlar1 gidermek i¢in olast yontemler
gelistirmistir. Bu siirecte KoL etkilesimleri baglatan bir bilesendir. KoL ve KoC
O0gretmenin oryantasyonunu etkilemektedir. Ciinkii Ustiin yetenekli Ogrenciler
zenginlestirilmis aktivitelere ihtiyag duymakta ve 6gretmenin amag¢ ve hedeflerini
sekillenmektedir. Diger yandan KoIS (6gretim stratejileri bilgisi) ve KoA
(degerlendirme bilgisi) bilesenleri planlama agamasinda ikincil etkilesen bilesenler
olarak karsimiza ¢ikmaktadir ve dgretmen planlama stirecinin ikinci boliimiinde bu
bilesenleri siklikla kullanmaktadir. Cilinkii 68retmen Ogrencilerin eksik bilgileri,
alternatif kavramlar1 veya Ogrenme zorluklarim1 belirli O6gretim stratejilerini
kullanarak gidermeyi planlamaktadir. Planlama asamasinin son boliimi ise ilgili
konularin degerlendirilmesiyle ilgili oldugu i¢in KoA siklikla kullanilan bilesendir.
Sonug olarak 6gretmenin planlama asamasinin ikinci boliimiinii etkileyen KolS ve
KoA bilesenleridir.

Ogretmenin uygulama asamasinda kullandig1 bilesenlerin etkilesimine
bakildiginda 6gretmenin sunumunu dért farkli béliime ayirabiliriz. ik béliimde KolS
etkilesimleri baglatan bilesen olarak karsimiza ¢ikmakta ve 6grencilerin 6n bilgileri
ya da alternatif kavramlar1 kontrol edildigi i¢in KoA ile etkilesim halindedir. Daha
sonrasinda 6gretmen ilgili kavram veya konunun 6gretimine ge¢mekte ve KolS ile
STO etkilesime girmektedir. Bu siiregte bazi 6grenme zorluklar ortaya ¢ikmakta ve
ogretmen farkl stratejiler ile bu zorluklar1 gidermektedir. Bu durumda KolIS ile KoL
etkilesimdedir. Son olarak KolS ile KoC etkilesimdedir ve &grencilerde anlamli
ogrenme gergeklesmesi igin dgretmen zenginlestirilmis aktivitelerden faydalanarak
daha somut Ornek ve aciklamalar sunmaktadir. Bu ilk 6grenme bdoliimii tim
konularin dgretilmesinde kullanilmaktadir. Ancak basit igerikli alt konular 6rnegin
basit makineler kavrami, enerjinin korunumu, disliler veya carklar konular1 yalnizca
bu ilk 6grenme boliimiinden olusmaktadir. ilk béliimden sonraki boliimler daha ¢ok
karigik yapili konularda ortaya c¢ikmaktadir 6rnegin, is ve enerji, kinetik ve

potansiyel enerji, makaralar, kaldiraglar gibi.
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Ikinci 6grenme béliimiinde ise KoL ile KoC etkilesimi goriilmektedir. Ustiin
yetenekli Ogrencilerin 6zelliklerinden dolay1r 6gretmen zenginlestirilmis aktiviteler
sunmak durumundadir. Ciinkii normal Ogretim programi yeterli olmamaktadir.
Bunun yaninda Ogrenciler lise konularini sorgulamakta ve 6gretmen bu konu ve
uygulamalar: kisaca agiklamak zorunda kalmaktadir. Tiim bu ist diizey kavram ve
uygulamalar zenginlestirilmis aktivite olarak uygulanmaktadir.

Ucgiincii dgretim béliimiinde ise zenginlestirilmis aktiviteler dgrenme zorlugu
yaratmaktadir. Ciinkii ileri diizey konu ve uygulamalar ekstra 6n bilgi ve beceri
gerektirmektedir. Ornegin, bileske kuvvetin yaptig1 isi anlatmak igin 6grencilerin
trigonometri bilgilerinin olmas1 gerekir, ya da laboratuvar uygulamalarinda
dinamometrenin nasil kullanildig1r ve birimlerinin ne oldugu 6grenciler tarafindan
bilinmelidir. Tiim bu uygulamalar 06grencilerde O6grenme zorlugu meydana
getirmektedir. Bu durumda KoC ile KoL etkilesim halindedir.

Son &gretim boliimiinde ise degerlendirme on plandadir. Ogretmen
Ogrencilerin performanslarini kavramsal 6gretim olarak ¢oktan se¢meli testler, acik
uclu sorular ya da 6rnek sorularla belirlemeye calismaktadir. Bu durumda KolS ve
KoA etkilesime girmektedir.

Yukaridaki genel 6zetten sonra alan yazinda var olan etkilesim sonuglar ile
bu calismanin bulgular birkag faktdrle tartisgtimistir. Ik faktor etkilesim haritalar:
konuya 06zgii bir 6zellik gosterir ve konudan konuya degismektedir. Ciinkii hem
planlama hem de uygulama haritalarindaki ikili, tglii, dortli ya da daha fazla
etkilesimler mevcuttur ve cesitlilik gostermektedir. Bu bulgu alan yazindaki konuya
6zgli PAB calisma sonuglariyla paraleldir (Akin, 2017; Aydin & Boz, 2013; Park &
Chen, 2012).

Ikinci faktér ise STO etkisidir. Alan yazinda STO diger bilesenleri
etkilemekte ve sekillendirmektedir (Boesdorfer & Lorsbach, 2014; Friedrichsen &
Dana; 2005; Friedrichsen ve ark., 2009; Friedrichsen ve ark., 2011; Grossman, 1990;
Magnusson ve ark., 1999). Bu ¢alisma bulgularinda ise 6zellikle planlama siirecinde
STO tim bilesenlerle etkilesim halindedir ve tiim bilesenleri etkilemektedir
diyebiliriz. Diger yandan Ogretmenin STO {stiin  yetenekli Ogrencilerin

ozelliklerinden etkilenmektedir. Ogretmen ders planlarina ekstra ama¢ ve hedef
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eklemekte ve ders sunumlar1 klasik oryantasyondan az ya da ¢ok reform temelli
oryantasyonlara dogru kaymaktadir.

Uciincii faktor ise bilesenlerin etkilesim sayilaridir. Baz1 calismalar KoA
bileseninin etkisini ¢alismalarinda bulamamiglardir (Friedrichsen ve ark., 2009;
Kaya, 2009). Baz1 ¢calismalarda ise KoA diger bilesenlerle az etkilesime girmektedir
(Aydin & Boz, 2013; Aydin ve ark., 2015; Padilla & van-Driel, 2011). Fakat Park ve
Chen (2012) calismasinda KoA etkisi goriilmektedir ¢iinkii 6gretmenler informal
degerlendirme tekniklerini siklikla kullanmaktadir. Bu c¢alismada da informal
degerlendirme etkisi haritalarda agik sekilde bellidir. Yani bu ¢alismada 6gretmen
KoA bilesenini hem planlama hem de uygulama asamasinda siklikla kullanmuistir.

Diger bilesenlerin etkilesim sayilarina bakildiginda uygulama haritalarinda
KolIS hem etkilesimi baslatan hem de siklikla kullanilan bir bilesenidir. Ciinkii ders
sirasinda 0gretmen her daim bir 6gretim davranisi sergilemektedir bunu konusarak,
gosteriler yaparak, aciklamalar yaparak, sorular sorarak, ya da rehberlik ederek KolS
bilesenini kullanmaktadir. Diger yandan KoL ise planlama siirecinde en c¢ok
etkilesimde olan bilesendir. Bu durum Akin (2017) calismasinda da bulunmustur
KoIS, KoC ve KoL bilesenleri digerleriyle etkilesimde olan merkezi bilesenlerdir.
Aydin ve Boz (2013) calismasinda ise KoL ve KoIS en cok etkilesimde olan
bilesenlerdir.

Bu c¢alismadaki PAB bilesenlerinin etkilesimlerinin son faktori ise
etkilesimlerde bulunan giicliik derecesi ya da karmasikliktir. Bu calismada kullanilan
haritala teknigi bu etkilesimlerin giigliik derecesini tam yansitmaktadir. Haritalarda
ticlli, dortlii veya daha fazla etkilesimde bulunan bilesenler vardir. Bazi ¢calismalar bu
etkilesimleri sadece tek yonlii ya da iki yonlii olarak iki bilesen arasinda gosterir
(Aydin, 2012; Henze ve ark., 2008). Bu caligmada ise etkilesimlerin giicliikleri
bilesen sayisma gore artmaktadir. Ornegin KoL-KoA, KolS-KoA gibi ikili
etkilesimler basit diizey etkilesimleri gosterirken KoL-KolS-KoA veya KolL-KolS-
KoA-KolS-KoA-KolS gibi iiglii veya daha fazla olan etkilesimler ise daha karisik ve
zor bir pedagojik davranisa denk gelmektedir.
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